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ADC10062 1O-Bit 600 ns A/D Converter with Input Multiplexer and Sample/Hold 
2-402 
ADC10064 1O-Bit 600 ns AID Converter with Input Multiplexer and Sample/Hold 
2-402 
ADC1 0154 1O-Bit Plus Sign 4 p's ADC with 4- or 8-Channel MUX, Track/Hold 
and Reference 
2-307 
ADC1 0158 1O-Bit Plus Sign 4 p.s ADC with 4- or 8-Channel MUX, Track/Hold 
and Reference 
2-307 
ADC10461 1O-Bit 600 ns AID Converter with Input Multiplexer and Sample/Hold 
2-415 
ADC10462 1O-Bit 600 ns A/D Converter with Input Multiplexer and Sample/Hold 
2-415 
ADC10464 10-Bit 600 ns AID Converter with Input Multiplexer and Sample/Hold 
2-415 
ADC10662 1O-Bit 360 ns AID Converter with Input Multiplexer and Sample/Hold 
2-428 
ADC10664 1O-Bit 360 ns AID Converter with Input Multiplexer and Sample/Hold 
2-428 
ADC10731 1O-Bit Plus Sign Serial I/O A/D Converter with MUX, Sample/Hold 
and Reference 
2-342 
ADC10732 1O-Bit Plus Sign Serial I/O AID Converter with MUX, Sample/Hold 
and Reference 
2-342 
ADC10734 1O-Bit Plus Sign Serial I/O A/D Converter with MUX, SamplelHold 
and Reference 
2-342 
ADC10738 1O-Bit Plus Sign Serial I/O A/D Converter with MUX, Sample/Hold 
and Reference 
2-342 
ADC10831 1O-Bit Plus Sign Serial I/O AID Converter with MUX, Sample/Hold 
and Reference 
2-367 
ADC10832 1O-Bit Plus Sign Serial I/O A/D Converter with MUX, Sample/Hold 
and Reference 
2-367 
ADC10834 1O-Bit Plus Sign Serial I/O AID Converter with MUX, Sample/Hold 
and Reference 
2-367 
ADC10838 1O-Bit Plus Sign Serial I/O A/D Converter with MUX, Sample/Hold 
and Reference 
2-367 
ADC12030 Self-Calibrating 12-Bit Plus Sign Serial I/O AID Converter with MUX and 
Sample/Hold 
2-441 


ADC12032 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter with MUX and 
Sample/Hold 
2-441 


ADC12034 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter with MUX and 
Sample/Hold 
2-441 
ADC12038 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter with MUX and 
Sample/Hold 
2-441 
ADC12062 12-Bit, 1 MHz, 75 mW A/D Converter with Input Multiplexer and SamplelHold 
2-565 
ADC12130 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter with MUX and 
Sample/Hold 
2-512 
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ADC12132 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter with MUX and 


Sample/Hold 
2-512 


ADC12138 Self-Calibrating 12-Bit Plus Sign Serial I/O AID Converter with MUX and 


Sample/Hold 
2-512 


ADC12441 Dynamically-Tested Self-Calibrating 12-Bit Plus Sign AID Converter with 


Sample/Hold 
2-628 


ADC12451 Dynamically-Tested Self-Calibrating 12-Bit Plus Sign AID Converter with 


Sample/Hold 
2-656 


ADC12662 12-Bit, 1.5 MHz, 200 mW A/D Converter with Input Multiplexer and Sample/Hold 
2-583 


ADC16071 16-Bit Delta-Sigma 192 ks/ s Analog-to-Digital Converter 
2-672 


ADC16471 16-Bit Delta-Sigma 192 ks/s Analog-to-Digital Converter 
2-672 


AH0014 Dual DPDT-TTL/DTL 
Compatible MOS Analog Switch 
8-5 


AH0015 Quad SPST-TTL/DTL 
Compatible MOS Analog Switch 
8-5 


AH0019 Dual DPST-TTL/DTL Compatible MOS Analog Switch 
8-5 


AH5010 Monolithic Analog Current Switch 
8-9 


AH5011 Monolithic Analog Current Switch 
8-9 


AH5012 Monolithic Analog Current Switch 
8-9 


AH5020C Monolithic Analog Current Switch 
8-20 


AN-450 Small Outline (SO) Package Surface Mounting Methods-Parameters 
and Their Effect 


on Product Reliability 
9-24 


Board Mount of Surface Mount Components 
9-19 


DAC0800 8-Bit D/ A Converter 
3-6 


DAC0801 8-Bit D/ A Converter 
3-6 


DAC0802 8-Bit D/ A Converter 
3-6 


DAC0806 8-Bit D/ A Converter 
3-15 


DAC0807 8-Bit D/ A Converter 
3-15 


DAC0808 8-Bit D/ A Converter 
3-15 


DAC0830 8-Bit JLPCompatible Double-Buffered D/ A Converter 
3-23 


DAC0831 8-Bit JLPCompatible Double-Buffered D/ A Converter 
3-23 


DAC0832 8-Bit JLPCompatible Double-Buffered D/ A Converter 
3-23 


DAC0854 Quad 8-Bit VOltage-Output Serial D/ A Converter with Readback 
3-41 


DAC0890 Dual 8-Bit IA.P-CompatibleD/ A Converter 
3-53 


DAC1006 JLPCompatible. Double-Buffered D/ A Converter 
3-63 


DAC1007 JLPCompatible. Double-Buffered D/A Converter 
3-63 


DAC1008 JLPCompatible, Double-Buffered D/ A Converter 
3-63 


DAC1020 10-Bit Binary Multiplying D/A Converter 
3-83 


DAC1021 1O-Bit Binary Multiplying D/ A Converter 
3-83 


DAC1022 1O-Bit Binary Multiplying D/ A Converter 
3-83 


DAC1054 Quad 1O-Bit VOltage-Output Serial D/ A Converter with Readback 
3-93 


DAC1208 12-Bit JLPCompatible Double-Buffered D/A Converter 
3-105 


DAC1209 12-Bit JLPCompatible Double-Buffered D/ A Converter 
3-105 


DAC1210 12-Bit JLPCompatible Double-Buffered D/A Converter 
3-105 


DAC1218 12-Bit Binary Multiplying D/ A Converter 
3-121 


DAC1219 12-Bit Binary Multiplying D/ A Converter 
3-121 


DAC1220 12-Bit Binary Multiplying D/ A Converter 
3-83 


DAC1222 12-Bit Binary Multiplying D/ A Converter 
3-83 


DAC1230 12-Bit JLPCompatible Double-Buffered D/ A Converter 
3-105 


DAC1231 12-Bit JLPCompatible Double-Buffered D/ A Converter 
3-105 


DAC1232 12-Bit JLPCompatible Double-Buffered D/ A Converter 
3-105 


Land Pattern Recommendations 
............................•.............................. 
9-35 


LF198 Monolithic Sample and Hold Circuit 
6-5 
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LF298 Monolithic Sample and Hold Circuit 
6-5 
LF398 Monolithic Sample and Hold Circuit 
6-5 
LF11201 Quad SPST JFET Analog Switch 
8-28 
LF11202 Quad SPST JFET Analog Switch 
8-28 
LF11331 Quad SPST JFET Analog Switch 
8-28 
LF11332 Quad SPST JFET Analog Switch 
8-28 
LF11333 Quad SPST JFET Analog Switch 
8-28 
LF13006 Digital Gain Set 
6-15 
LF13007 Digital Gain Set 
6-15 
LF13201 Quad SPST JFET Analog Switch 
8-28 
LF13202 Quad SPST JFET Analog Switch 
8-28 
LF13331 Quad SPST JFET Analog Switch 
8-28 
LF13332 Quad SPST JFET Analog Switch 
8-28 
LF13333 Quad SPST JFET Analog Switch 
8-28 
LF13508 8-Channel Analog Multiplexer 
8-39 
LF13509 4-Channel Differential Analog Multiplexer 
8-39 
LH0070 Series BCD Buffered Reference 
4-8 
LH0071 Series Precision Buffered Reference 
4-8 
LM12H454 12-Bit + Sign Data Acquisition System with Self-Calibration 
1-114 
LM12H458 12-Bit + Sign Data Acquisition System with Self-Calibration 
1-114 
LM12L438 12-Bit + Sign Data Acquisition System with Serial I/O and Self-Calibration 
1-37 
LM12L454 12-Bit + Sign Data Acquisition System with Self-Calibration 
1-151 
LM12L458 12-Bit + Sign Data Acquisition System with Self-Calibration 
1-151 
LM34 Precision Fahrenheit Temperature Sensor 
5-4 
LM35 Precision Centigrade Temperature Sensor 
5-12 
LM45 SOT-23 Precision Centigrade Temperature Sensor 
5-21 
LM50 Single Supply Precision Centigrade Temperature Sensor 
5-28 
LM113 Reference Diode 
4-12 
LM129 Precision Reference 
4-15 
LM131 Precision Voltage-to-Frequency 
Converter 
2-690 
LM134 3-Terminal Adjustable Current Source 
4-20 
LM134 3-Terminal Adjustable Current Source 
5-29 
LM135 Precision Temperature Sensor 
5-38 
LM136-2.5V Reference Diode 
4-29 
LM136-5.0V Reference Diode 
4-36 
LM169 Precision Voltage Reference 
" 
4-43 
LM185 Adjustable Micropower Voltage Reference 
4-53 
LM185-1.2 Micropower Voltage Reference Diode 
4-60 
LM185-2.5 Micropower Voltage Reference Diode 
4-67 
LM199 Precision Reference 
4-73 
LM231 Precision VOltage-to-Frequency Converter 
2-690 
LM234 3-Terminal Adjustable Current Source 
5-29 
LM234 3-Terminal Adjustable Current Source 
4-20 
LM235 Precision Temperature Sensor 
5-38 
LM236-2.5V Reference Diode 
4-29 
LM236-5.0V Reference Diode 
4-36 
LM285 Adjustable Micropower Voltage Reference 
4-53 
LM285-1.2 Micropower Voltage Reference Diode 
4-60 
LM285-2.5 Micropower Voltage Reference Diode 
4-67 
LM299 Precision Reference 
4-73 
LM313 Reference Diode 
4-12 


LM331 Precision Voltage-to-Frequency 
Converter 
2-690 


LM334 3-Terminal Adjustable Current Source 
4-20 


LM334 3-Terminal Adjustable Current Source 
5-29 


LM335 Precision Temperature Sensor 
5-38 


LM336-2.5V Reference Diode 
4-29 


LM336-5.0V Reference Diode 
4-36 


LM368-2.5 Precision Voltage Reference 
4-82 


LM368-5.0 Precision Voltage Reference 
4-88 


LM368-10 Precision Voltage Reference 
4-88 


LM369 Precision Voltage Reference 
4-43 


LM385 Adjustable Micropower Voltage Reference 
4-53 


LM385-1.2 Micropower Voltage Reference Diode 
4-60 


LM385-2.5 Micropower Voltage Reference Diode 
4-67 


LM399 Precision Reference 
4-73 


LM3999 Precision Reference 
4-73 


LM4040 Precision Micropower Shunt Voltage Reference 
4-94 


LM4041 Precision Micropower Shunt Voltage Reference 
4-113 


LM4431 Micropower Shunt Voltage Reference 
4-125 


LM9140 Precision Micropower Shunt Voltage Reference 
4-131 


LM12434 12-Bit + Sign Data Acquisition System with Serial I/O and Self-Calibration 
1-37 


LM12454 12-Bit + Sign Data Acquisition System with Self-Calibration 
1-114 


LM12458 12-Bit + Sign Data Acquisition System with Self-Calibration 
1-114 


LMF40 High Performance 4th-Order Switched Capacitor Butterworth Low-Pass Filter 
7-5 


LMF60 High Performance 6th-Order Switched Capacitor Butterworth Low-Pass Filter. 
7-19 


LMF90 4th-Order Elliptic Notch Filter 
7-37 


LMF100 High Performance Dual Switched Capacitor Filter 
7-57 


LMF380 Triple One-Third Octave Switched Capacitor Active Filter 
7-79 


MF4 4th Order Switched Capacitor Butterworth Lowpass Filter 
7-89 


MF5 Universal Monolithic Switched Capacitor Filter 
7-102 


MF6 6th Order Switched Capacitor Butterworth Lowpass Filter 
7-117 


MF8 4th Order Switched Capacitor Bandpass Filter 
7-135 


MF10 Universal Monolithic Dual Switched Capacitor Filter 
7-157 


Packing Considerations (Methods, Materials and Recycling) 
9-3 


Recommended Soldering Profiles-Surface 
Mount 
9-23 


54ACT715 Programmable Video Sync Generator 
Section 2 
74ACT715 Programmable Video Sync Generator 
Section 2 
AN-450 Small Outline (SO) Package Surface Mounting 
Methods-Parameters 
and Their Effect on Product 
Reliability 
Section 5 
AN-450 Small Outline (SO) Package Surface Mounting 
Methods-Parameters 
and Their Effect on Product 
Reliability 
Section 5 
AN-450 Small Outline (SO) Package Surface Mounting 
Methods-Parameters 
and Their Effect on Product 
Reliability 
Section 6 
Board Mount of Surface Mount Components 
Section 6 
Board Mount of Surface Mount Components 
Section 5 
Board Mount of Surface Mount Components 
Section 5 
DH0006 Current Driver 
Section 5 
DH0034 High Speed Dual Level Translator 
Section 5 
DH0035 Pin Diode Driver 
Section 5 
DP7310 Octal Latched Peripheral Driver 
Section 3 
DP7311 Octal Latched Peripheral Driver 
Section 3 
DP831 0 Octal Latched Peripheral Driver 
Section 3 
DP8311 Octal Latched Peripheral Driver 
Section 3 
DS00265 
MHz Two Phase MOS Clock Drivers 
Section 4 
DS1631 CMOS Dual Peripheral Driver 
Section 3 
DS1632 CMOS Dual Peripheral Driver 
Section 3 
DS1633 CMOS Dual Peripheral Driver 
Section 3 
DS1634 CMOS Dual Peripheral Driver 
Section 3 
DS2003 High CurrentlVoltage 
Darlington Driver 
Section 3 
DS2004 High CurrentlVoltage 
Darlington Driver 
Section 3 
DS3631 CMOS Dual Peripheral Driver 
Section 3 
DS3632 CMOS Dual Peripheral Driver 
Section 3 
DS3633 CMOS Dual Peripheral Driver 
Section 3 
DS3634 CMOS Dual Peripheral Driver 
Section 3 
DS3658 Quad High Current Peripheral Driver 
Section 3 
DS3668 Quad Fault Protected Peripheral Driver 
Section 3 
DS3680 Quad Negative Voltage Relay Driver 
Section 3 
DS9667 High CurrentlVoltage 
Darlington Driver 
Section 3 
DS55451 Series Dual Peripheral Driver 
Section 3 
DS55452 Series Dual Peripheral Driver 
Section 3 
DS55453 Series Dual Peripheral Driver 
Section 3 
DS55454 Series Dual Peripheral Driver 
Section 3 
DS75451 Series Dual Peripheral Driver 
Section 3 
DS75452 Series Dual Peripheral Driver 
Section 3 
DS75453 Series Dual Peripheral Driver 
Section 3 
DS75454 Series Dual Peripheral Driver 
Section 3 
DS75491 MOS-to-LED Quad Segment Driver 
Section 4 
DS75492 MOS-to-LED Hex Digit Driver 
Section 4 
DS75494 Hex Digit Driver 
Section 4 
Land Pattern Recommendations 
Section 5 
Land Pattern Recommendations 
Section 5 
Land Pattern Recommendations 
Section 6 
LF111 Voltage Comparator 
Section 3 
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LF147 Wide Bandwidth Quad JFET Input Operational 
Amplifier 
Section 1 


LF155 Series Monolithic JFET Input Operational 


Amplifiers 
Section 1 


LF156 Series Monolithic JFET Input Operational 


Amplifiers 
Section 1 


LF157 Series Monolithic JFET Input Operational 


Amplifiers 
Section 1 


LF211 Voltage Comparator 
Section 3 


LF311 Voltage Comparator 
Section 3 


LF347 Wide Bandwidth Quad JFET Input Operational 


Amplifier 
Section 1 


LF351 Wide Bandwidth JFET Input Operational 


Amplifier 
Section 1 


LF353 Wide Bandwidth Dual JFET Input Operational 


Amplifier 
Section 1 


LF411 Low Offset, Low Drift JFET Input Operational 


Amplifier 
Section 1 


LF412 Low Offset, Low Drift Dual JFET Operational 


Amplifier 
Section 1 


LF441 Low Power JFET Input Operational Amplifier 
Section 1 


LF442 Dual Low Power JFET Input Operational 


Amplifier 
Section 1 


LF444 Quad Low Power JFET Input Operational 


Amplifier 
Section 1 


LF451 Wide-Bandwidth JFET Input Operational 


Amplifier 
Section 1 


LF453 Wide-Bandwidth 
Dual JFET Input Operational 


Amplifier 
Section 1 


LH0002 Buffer 
Section 2 


LH0003 Wide Bandwidth Operational Amplifier 
Section 1 


LH0004 High Voltage Operational Amplifier 
Section 1 


LH0021 1.0 Amp Power Operational Amplifier 
Section 1 


LH0024 High Slew Rate Operational Amplifier 
Section 1 


LH0032 Ultra Fast FET-Input Operational Amplifier 
Section 1 


LH0033 Fast and Ultra Fast Buffers 
Section 2 


LH0041 0.2 Amp Power Operational Amplifier 
Section 1 


LH0042 Low Cost FET Operational Amplifier 
Section 1 


LH0063 Fast and Ultra Fast Buffers 
Section 2 


LH0094 Multifunction Converter 
Section 5 


LH0101 Power Operational Amplifier 
Section 1 


LH1605 5 Amp, High Efficiency Switching Regulator 
Section 3 


LH2111 Dual Voltage Comparator 
Section 3 


LH2311 Dual Voltage Comparator 
Section 3 


LH4001 Wideband Current Buffer 
Section 2 


LH4002 Wideband Video Buffer 
Section 2 


LM10 Operational Amplifier and Voltage Reference 
Section 1 


LM12 80W Operational Amplifier 
Section 4 


LM78LXX Series 3-Terminal Positive Regulators 
Section 1 


LM78MXX Series 3-Terminal Positive Regulator 
Section 1 


LM78S40 Universal Switching Regulator Subsystem 
Section 3 
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LM79LXXAC Series 3-Terminal Negative Regulator 
Section 1 


LM79MXX Series 3-Terminal Negative Regulators 
Section 1 


LM79XX Series 3-Terminal Negative Regulators 
Section 1 


LM101A Operational Amplifier 
Section 1 


LM102 Voltage Follower 
Section 2 


LM105 Voltage Regulator 
Section 1 


LM106 Voltage Comparator 
Section 3 


LM107 Operational Amplifier 
Section 1 


LM108 Operational Amplifier 
Section 1 


LM109 5-Volt Regulator 
Section 1 


LM110 Voltage Follower 
Section 2 


LM111 Voltage Comparator 
Section 3 


LM117 3-Terminal Adjustable Regulator 
.. , 
Section 1 


LM117HV 3-Terminal Adjustable Regulator 
Section 1 


LM118 Operational Amplifier 
Section 1 


LM119 High Speed Dual Comparator 
Section 3 


LM120 Series 3-Terminal Negative Regulator 
Section 1 


LM122 Precision Timer 
Section 4 


LM123 3-Amp, 5-Volt Positive Regulator 
Section 1 


LM124 Low Power Quad Operational Amplifier 
Section 1 


LM125 Dual Voltage Regulator 
Section 1 


LM133 3-Amp Adjustable Negative Regulator 
Section 1 


LM137 3-Terminal Adjustable Negative Regulator 
Section 1 


LM137HV 3-Terminal Adjustable Negative Regulator 


(High Voltage) 
Section 1 


LM138 5-Amp Adjustable Regulator 
Section 1 


LM139 Low Power Low Offset Voltage Quad 


Comparator 
Section 3 


LM140 Series 3-Terminal Positive Regulator 
Section 1 


LM140L Series 3-Terminal Positive Regulator 
Section 1 


LM143 High Voltage Operational Amplifier 
Section 1 


LM145 Negative 3-Amp Regulator 
Section 1 


LM146 Programmable Quad Operational Amplifier 
Section 1 


LM148 Quad 741 Operational Amplifier 
Section 1 


LM149 Wide Band Decompensated 
(Av(MIN) = 5) 
Section 1 


LM150 3-Amp Adjustable Regulator 
Section 1 


LM158 Low Power Dual Operational Amplifier 
Section 1 


LM160 High Speed Differential Comparator 
Section 3 


LM161 High Speed Differential Comparator 
Section 3 


LM193 Low Power Low Offset Voltage Dual 


Comparator 
Section 3 


LM194 Supermatch Pair 
Section 5 


LM195 Ultra Reliable Power Transistor 
Section 5 
LM201A Operational Amplifier 
Section 1 


LM205 Voltage Regulator 
Section 1 


LM207 Operational Amplifier 
Section 1 


LM208 Operational Amplifier 
Section 1 


LM210 Voltage Follower 
Section 2 


LM211 Voltage Comparator 
Section 3 


LM218 Operational Amplifier 
Section 1 
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LM219 High Speed Dual Comparator 
Section 3 


LM221 Precision Preamplifier 
Section 1 


LM224 Low Power Quad Operational Amplifier 
Section 1 


LM239 Low Power Low Offset Voltage Quad 


Comparator 
Section 3 


LM246 Programmable Quad Operational Amplifier 
Section 1 


LM248 Quad 741 Operational Amplifier 
Section 1 


LM258 Low Power Dual Operational Amplifier 
Section 1 


LM261 High Speed Differential Comparator 
Section 3 


LM293 Low Power Low Offset Voltage Dual 


Comparator 
Section 3 


LM301A Operational Amplifier 
Section 1 


LM302 Voltage Follower 
Section 2 


LM305 Voltage Regulator 
Section 1 


LM306 Voltage Comparator 
Section 3 


LM307 Operational Amplifier 
Section 1 


LM308 Operational Amplifier 
Section 1 


LM309 5-Volt Regulator 
Section 1 


LM310 Voltage Follower 
Section 2 


LM311 Voltage Comparator 
Section 3 


LM317 3-Terminal Adjustable Regulator 
Section 1 


LM317HV 3-Terminal Adjustable Regulator 
Section 1 


LM317L 3-Terminal Adjustable Regulator 
Section 1 


LM318 Operational Amplifier 
Section 1 


LM319 High Speed Dual Comparator 
Section 3 


LM320 Series 3-Terminal Negative Regulator 
Section 1 


LM320L Series 3-Terminal Negative Regulator 
Section 1 


LM321 Precision Preamplifier 
Section 1 


LM322 Precision Timer 
Section 4 


LM323 3-Amp, 5-Volt Positive Regulator 
Section 1 


LM324 Low Power Quad Operational Amplifier 
Section 1 


LM325 Dual Voltage Regulator 
Section 1 


LM330 3-Terminal Positive Regulator 
Section 2 


LM333 3-Amp Adjustable Negative Regulator 
Section 1 


LM337 3-Terminal Adjustable Negative Regulator 
Section 1 


LM337HV 3-Terminal Adjustable Negative Regulator 


(High Voltage) 
Section 1 


LM337L 3-Terminal Adjustable Regulator 
Section 1 


LM338 5-Amp Adjustable Regulator 
Section 1 


LM339 Low Power Low Offset Voltage Quad 


Comparator 
Section 3 


LM340 Series 3-Terminal Positive Regulator 
Section 1 


LM340L Series 3-Terminal Positive Regulator 
Section 1 


LM341 Series 3-Terminal Positive Regulator 
Section 1 


LM343 High Voltage Operational Amplifier 
Section 1 


LM345 Negative 3-Amp Regulator 
Section 1 


LM346 Programmable Quad Operational Amplifier 
Section 1 


LM348 Quad 741 Operational Amplifier 
Section 1 


LM349 Wide Band Decompensated 
(Av(MIN) = 5) 
Section 1 


LM350 3-Amp Adjustable Regulator 
Section 1 


LM358 Low Power Dual Operational Amplifier 
Section 1 
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Operational Amplifiers 


LM359 Dual, High Speed, Programmable Current 


Mode (Norton) Amplifier 
Section 1 


LM360 High Speed Differential Comparator 
Section 3 


LM361 High Speed Differential Comparator 
Section 3 


LM376 Voltage Regulator 
Section 1 


LM380 Audio Power Amplifier 
Section 1 


LM383 7W Audio Power Amplifier 
Section 1 


LM384 5W Audio Power Amplifier 
Section 1 


LM386 Low Voltage Audio Power Amplifier 
Section 1 


LM387/ LM387 A Low Noise Dual Preamplifier 
Section 1 


LM388 1.5W Audio Power Amplifier 
Section 1 


LM389 Low Voltage Audio Power Amplifier with NPN 


Transistor Array 
Section 1 


LM390 1W Battery Operated Audio Power Amplifier 
Section 1 


LM391 Audio Power Driver 
Section 1 


LM392 Low Power Operational AmplifierlVoltage 


Comparator 
Section 1 


LM393 Low Power Low Offset Voltage Dual 


Comparator 
Section 3 


LM394 Supermatch Pair 
Section 5 


LM395 Ultra Reliable Power Transistor 
Section 5 


LM431A Adjustable Precision Zener Shunt Regulator .. Section 3 
LM555 Timer 
Section 4 


LM555C Timer 
Section 4 


LM556 Dual Timer 
Section 4 


LM556C Dual Timer 
Section 4 


LM565 Phase Locked Loop 
Section 4 


LM565C Phase Locked Loop 
Section 4 


LM566C Voltage Controlled Oscillator 
Section 4 


LM567 Tone Decoder 
Section 4 


LM567C Tone Decoder 
Section 4 


LM611 Operational Amplifier and Adjustable 


Reference 
Section 1 


LM612 Dual-Channel Comparator and Reference 
Section 3 


LM613 Dual Operational Amplifier, Dual Comparator, 


and Adjustable Reference 
Section 3 


LM613 Dual Operational Amplifier, Dual Comparator, 


and Adjustable Reference 
Section 1 


LM614 Quad Operational Amplifier and Adjustable 


Reference 
Section 1 


LM615 Quad Comparator and Adjustable Reference 
Section 3 


LM628 Precision Motion Controller 
Section 4 


LM629 Precision Motion Controller 
Section 4 


LM675 Power Operational Amplifier 
Section 1 


LM709 Operational Amplifier 
Section 1 


LM710 Voltage Comparator 
Section 3 


LM723 Voltage Regulator 
Section 1 


LM725 Operational Amplifier 
Section 1 


LM741 Operational Amplifier 
Section 1 


LM747 Dual Operational Amplifier 
Section 1 


LM748 Operational Amplifier 
Section 1 
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LM759 Power Operational Amplifier 
Section 1 
LM760 High Speed Differential Comparator 
Section 3 


LM831 Low Voltage Audio Power Amplifier 
Section 1 
LM833 Dual Audio Operational Amplifier 
Section 1 
LM837 Low Noise Quad Operational Amplifier 
Section 1 
LM903 Fluid Level Detector 
Section 3 
LM1036 Dual DC Operated TonelVolume/Balance 
Circuit 
Section 1 
LM1042 Fluid Level Detector 
Section 3 
LM1131 Dual Dolby B-Type Noise Reduction 
Processor 
Section 1 
LM1201 Video Amplifier System 
Section 2 


LM1202 230 MHz Video Amplifier System 
Section 2 


LM1203 RGB Video Amplifier System 
Section 2 


LM1203A 150 MHz RGB Video Amplifier System 
Section 2 


LM1203B 100 MHz RGB Video Amplifier System 
Section 2 


LM1204 150 MHz RGB Video Amplifier System 
Section 2 


LM1205 130 MHz RGB Video Amplifier System with 
Blanking 
Section 2 


LM1207 85 MHz RGB Video Amplifier System with 
Blanking 
Section 2 


LM1208 130 MHz RGB Video Amplifier System with 
Blanking 
Section 2 


LM1209 100 MHz RGB Video Amplifier System with 
Blanking 
Section 2 


LM1212 230 MHz Video Amplifier System with OSD 
Blanking 
Section 2 


LM1281 85 MHz RGB Video Amplifier System with On 


Screen Display (OSD) 
Section 2 


LM1291 Video PLL System for Continuous Sync 
Monitors 
Section 2 


LM1295 DC Controlled Geometry Correction System 


for Continuous Sync Monitors 
Section 2 


LM1391 Phase-Locked Loop 
Section 2 


LM1458 Dual Operational Amplifier 
Section 1 


LM1496 Balanced Modulator-Demodulator 
Section 4 


LM1558 Dual Operational Amplifier 
Section 1 


LM1575 SIMPLE SWITCHER 1A Step-Down Voltage 


Regulator 
Section 3 


LM1575HV SIMPLE SWITCHER 1A Step-Down 


Voltage Regulator 
Section 3 


LM1577 SIMPLE SWITCHER Step-Up Voltage 


Regulator 
Section 3 


LM1577 SIMPLE SWITCHER Step-Up Voltage 


Regulator 
Section 3 


LM1578A Switching Regulator 
Section 3 


LM1596 Balanced Modulator-Demodulator 
Section 4 


LM1801 Battery Operated Power Comparator 
Section 3 


LM1815 Adaptive Variable Reluctance Sensor 


Amplifier 
Section 3 


LM1819 Air-Core Meter Driver 
Section 3 
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LM1823 Video IF Amplifier/PLL 
Detector System 
Section 2 


LM1830 Fluid Detector 
Section 3 


LM1851 Ground Fault Interrupter 
Section 4 


LM1865 Advanced FM IF System 
Section 4 


LM1868AM/FM 
Radio System 
Section 4 


LM1875 20 Watt Power Audio Amplifier 
Section 1 


LM1875 20W Audio Power Amplifier 
Section 1 


LM1876 Dual 20W Audio Power Amplifier with Mute 


and Standby Modes 
Section 1 


LM1877 Dual Audio Power Amplifier 
Section 1 


LM1877 Dual Power Audio Amplifier 
Section 1 


LM1881 Video Sync Separator 
Section 2 


LM1882 Programmable Video Sync Generator 
Section 2 


LM1893 Carrier-Current Transceiver 
Section 4 


LM1894 Dynamic Noise Reduction System DNR@ 
Section 1 


LM1896 Dual Audio Power Amplifier 
Section 1 


LM1896 Dual Power Audio Amplifier 
Section 1 


LM1921 1 Amp Industrial Switch 
Section 3 


LM1946 Over/Under 
Current Limit Diagnostic Circuit .. Section 3 


LM1949 Injector Drive Controller 
Section 3 


LM1950 750 mA High Side Switch 
Section 3 


LM1951 Solid State 1 Amp Switch 
Section 3 


LM1971 JAoPot62 dB Digitally Controlled Audio 


Attenuator with Mute 
Section 1 


LM1972 JAoPot2-Channel 78 dB Audio Attenuator with 


Mute 
Section 1 


LM1973 JAoPot3-Channel 76 dB Audio Attenuator with 


Mute 
Section 1 


LM2416 Triple 50 MHz CRT Driver 
Section 2 


LM2416C Triple 50 MHz CRT Driver 
Section 2 


LM2418 Triple 30 MHz CRT Driver 
Section 2 


LM2419 Triple 65 MHz CRT Driver 
Section 2 


LM2427 Triple 80 MHz CRT Driver 
Section 2 


LM2524D Regulating Pulse Width Modulator 
Section 3 


LM2574 SIMPLE SWITCHER 0.5A Step-Down Voltage 


Regulator 
Section 3 


LM2574HV SIMPLE SWITCHER 0.5A Step-Down 


Voltage Regulator 
Section 3 


LM2575 SIMPLE SWITCHER 1A Step-Down Voltage 


Regulator 
Section 3 


LM2575HV SIMPLE SWITCHER 1A Step-Down 


Voltage Regulator 
Section 3 


LM2576 SIMPLE SWITCHER 3A Step-Down Voltage 


Regulator 
Section 3 


LM2576HV SIMPLE SWITCHER 3A Step-Down 


Voltage Regulator 
Section 3 


LM2577 SIMPLE SWITCHER Step-Up Voltage 


Regulator 
Section 3 


LM2577 SIMPLE SWITCHER Step-Up Voltage 


Regulator 
Section 3 


LM2578A Switching Regulator 
Section 3 
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LM2587 SIMPLE SWITCHER 5A Flyback Regulator ... Section 3 
LM2876 High-Performance 40W Audio Power Amplifier 


with Mute 
Section 1 


LM2877 Dual 4 Watt Power Audio Amplifier 
Section 1 


LM2877 Dual4W Audio Power Amplifier 
Section 1 


LM2878 Dual 5 Watt Power Audio Amplifier 
Section 1 


LM2878 Dual 5W Audio Power Amplifier 
Section 1 


LM2879 Dual 8 Watt Audio Amplifier 
Section 1 


LM2879 Dual 8W Audio Power Amplifier 
Section 1 


LM2889 TV Video Modulator 
Section 2 


LM2893 Carrier-Current Transceiver 
Section 4 


LM2896 Dual Audio Power Amplifier 
Section 1 
LM2896 Dual Power Audio Amplifier 
Section 1 


LM2900 Quad Amplifier 
Section 1 


LM2901 Low Power Low Offset Voltage Quad 


Comparator 
Section 3 


LM2902 Low Power Quad Operational Amplifier 
Section 1 


LM2903 Low Power Low Offset Voltage Dual 


Comparator 
Section 3 


LM2904 Low Power Dual Operational Amplifier 
Section 1 


LM2907 Frequency to Voltage Converter 
Section 3 


LM2917 Frequency to Voltage Converter 
Section 3 


LM2924 Low Power Operational Amplifier/Voltage 


Comparator 
Section 1 


LM2925 Low Dropout Regulator with Delayed Reset 
Section 3 


LM2925 Low Dropout Regulator with Delayed Reset 
Section 2 


LM2926 Low Dropout Regulator with Delayed Reset 
Section 2 


LM2926 Low Dropout Regulator with Delayed Reset 
Section 3 


LM2927 Low Dropout Regulator with Delayed Reset 
Section 3 


LM2927 Low Dropout Regulator with Delayed Reset 
Section 2 


LM2930 3-Terminal Positive Regulator 
Section 2 


LM2931 Series Low Dropout Regulators 
Section 2 


LM2931 Series Low Dropout Regulators 
Section 3 


LM2935 Low Dropout Dual Regulator 
Section 3 


LM2935 Low Dropout Dual Regulator 
Section 2 


LM2936 Ultra-Low Quiescent Current 5V Regulator 
Section 2 


LM2936 Ultra-Low Quiescent Current 5V Regulator 
Section 3 


LM2937 500 mA Low Dropout Regulator 
Section 3 


LM2937 500 mA Low Dropout Regulator 
Section 2 


LM2940/LM2940C 
1A Low Dropout Regulators 
Section 2 


LM2940/LM2940C 
1A Low Dropout Regulators 
Section 3 


LM2941 ILM2941 C 1A Low Dropout Adjustable 


Regulators 
Section 2 


LM2984 Microprocessor Power Supply System 
Section 2 


LM2984 Microprocessor Power Supply System 
Section 3 


LM2990 Negative Low Dropout Regulator 
Section 2 


LM2991 Negative Low Dropout Adjustable Regulator .. Section 2 
LM3001 Primary-Side PWM Driver 
Section 3 


LM3045 Transistor Array 
Section 1 


LM3045 Transistor Array 
Section 5 


LM3046 Transistor Array 
Section 5 
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LM3046 Transistor Array 
Section 1 


LM3080 Operational Transconductance 
Amplifier 
Section 1 


LM3086 Transistor Array 
Section 1 


LM3086 Transistor Array 
Section 5 


LM3101 Secondary-Side PWM Controller 
Section 3 


LM3146 High Voltage Transistor Array 
Section 5 


LM3301 Quad Amplifier 
Section 1 


LM3302 Low Power Low Offset Voltage Quad 


Comparator 
Section 3 


LM3303 Quad Operational Amplifier 
Section 1 


LM3403 Quad Operational Amplifier 
Section 1 


LM3411 Precision Secondary Regulator/Driver 
Section 3 


LM3420-4.2, -8.4, -12.6 Lithium-Ion Battery Charge 


Controller 
Section 2 


LM3524D Regulating Pulse Width Modulator 
Section 3 


LM3578A Switching Regulator 
Section 3 


LM3875 High Performance 40 Watt Audio Power 


Amplifier 
Section 1 


LM3875 High Performance 56W Audio Power 


Amplifier 
Section 1 


LM3876 High Performance 56W Audio Power Amplifier 


with Mute 
Section 1 


LM3886 High-Performance 68W Audio Power Amplifier 


with Mute 
Section 1 


LM3900 Quad Amplifier 
Section 1 


LM3905 Precision Timer 
Section 4 


LM3909 LED Flasher/Oscillator 
Section 4 


LM3914 Dot/Bar Display Driver 
Section 4 


LM3915 Dot/Bar Display Driver 
Section 4 


LM3916 Dot/Bar Display Driver 
Section 4 


LM3940 1A Low Dropout Regulator for 5V to 3.3V 


Conversion 
Section 2 


LM4250 Programmable Operational Amplifier 
Section 1 


LM4700 Overture™ 30W Audio Power Amplifier with 


Mute and Standby Modes 
Section 1 


LM4860 1W Audio Power Amplifier with Shutdown 


Mode 
Section 1 


LM4861 YzW Audio Power Amplifier with Shutdown 


Mode 
Section 1 


LM4862 350 mW Audio Power Amplifier with Shutdown 


Mode 
Section 1 


LM4880 Dual 200 mW Audio Power Amplifier with 


Shutdown Mode 
Section 1 


LM6104 Quad Gray Scale Current Feedback 


Amplifier 
Section 4 


LM61 04 Quad Gray Scale Current Feedback 


Amplifier 
Section 1 


LM6104 Quad Gray Scale Current Feedback 


Amplifier 
Section 2 


LM6118 Fast Settling Dual Operational Amplifier 
Section 1 


LM6121 High Speed Buffer 
Section 2 


Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 


Power ICs 


Operational Amplifiers 
Operational Amplifiers 


Operational Amplifiers 
Operational Amplifiers 
Operational Amplifiers 


Power ICs 


Power ICs 
Power ICs 
Power ICs 


Application Specific Analog Products 


Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 


Power ICs 


Operational Amplifiers 


Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


LM6121 High Speed Buffer 
Section 2 


LM6125 High Speed Buffer 
Section 2 


LM6125 High Speed Buffer 
Section 2 


LM6132 Dual High Speed/Low 
Power 7 MHz 


Rail-to-Raill/O 
Operational Amplifier 
Section 1 


LM6134 Quad High Speed/Low 
Power 7 MHz 


Rail-to-Raill/O 
Operational Amplifier 
Section 1 


LM6142 Dual High Speed/Low 
Power 17 MHz 


Rail-to-Raillnput-Output 
Operational Amplifier 
Section 1 


LM6142 Dual High Speed/Low 
Power 17 MHz 


Rail-to-Raillnput-Output 
Operational Amplifier 
Section 1 


LM6144 Quad High Speed/Low 
Power 17 MHz 


Rail-to-Raillnput-Output 
Operational Amplifier 
Section 1 


LM6144 Quad High Speed/Low 
Power 17 MHz 


Rail-to-Raillnput-Output 
Operational Amplifier 
Section 1 
LM6152 Dual High Speed/Low 
Power 45 MHz 


Rail-to-Raillnput-Output 
Operational Amplifier 
Section 1 


LM6152 Dual High Speed/Low 
Power 45 MHz 


Rail-to-Raill/O 
Operational Amplifier 
Section 2 


LM6154 Quad High Speed/Low 
Power 45 MHz 


Rail-to-RaiIIlO 
Operational Amplifier 
Section 2 


LM6154 Quad High Speed/Low 
Power 45 MHz 


Rail-to-Raillnput-Output 
Operational Amplifier 
Section 1 


LM6161 High Speed Operational Amplifier 
Section 1 


LM6161 High Speed Operational Amplifier 
Section 2 


LM6162 High Speed Operational Amplifier 
Section 2 


LM6162 High Speed Operational Amplifier 
Section 1 


LM6164 High Speed Operational Amplifier 
Section 1 


LM6164 High Speed Operational Amplifier 
Section 2 


LM6165 High Speed Operational Amplifier 
Section 2 


LM6165 High Speed Operational Amplifier 
Section 1 


LM6171 Voltage Feedback Low Distortion Low Power 


Operational Amplifier 
Section 1 


LM6171 Voltage Feedback Low Distortion Low Power 


Operational Amplifier 
Section 2 


LM6181 100 mA, 100 MHz Current Feedback 


Amplifier 
Section 2 


LM6181 100 mA, 100 MHz Current Feedback 


Amplifier 
Section 1 


LM6182 Dual 100 mA Output, 100 MHz Dual Current 


Feedback Amplifier 
Section 1 


LM6182 Dual 100 mA Output, 100 MHz Dual Current 


Feedback Amplifier 
_ 
Section 2 


LM6218 Fast Settling Dual Operational Amplifier 
Section 1 


LM6221 High Speed Buffer 
Section 2 


LM6221 High Speed Buffer 
Section 2 


LM6225 High Speed Buffer 
Section 2 


LM6225 High Speed Buffer 
Section 2 


LM6261 High Speed Operational Amplifier 
Section 1 
LM6261 High Speed Operational Amplifier 
Section 2 


LM6262 High Speed Operational Amplifier 
Section 2 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 


Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


LM6262 High Speed Operational Amplifier 
Section 1 


LM6264 High Speed Operational Amplifier 
Section 1 


LM6264 High Speed Operational Amplifier 
Section 2 


LM6265 High Speed Operational Amplifier 
Section 2 


LM6265 High Speed Operational Amplifier 
Section 1 


LM6313 High Speed. High Power Operational 


Amplifier 
Section 1 


LM6321 High Speed Buffer 
Section 2 


LM6321 High Speed Buffer 
Section 2 


LM6325 High Speed Buffer 
Section 2 


LM6325 High Speed Buffer 
Section 2 


LM6361 High Speed Operational Amplifier 
Section 1 


LM6361 High Speed Operational Amplifier 
Section 2 


LM6362 High Speed Operational Amplifier 
Section 2 


LM6362 High Speed Operational Amplifier 
Section 1 


LM6364 High Speed Operational Amplifier 
Section 1 


LM6364 High Speed Operational Amplifier 
Section 2 


LM6365 High Speed Operational Amplifier 
Section 2 


LM6365 High Speed Operational Amplifier 
Section 1 


LM6511 180 ns 3V Comparator 
Section 3 


LM7121 Tiny Very High Speed Low Power Voltage 


Feedback Amplifier 
Section 1 


LM7131 Tiny High Speed Single Supply Operational 
Amplifier 
Section 1 


LM7131 Tiny High Speed Single Supply Operational 
Amplifier 
Section 2 


LM7171 Very High Speed High Output Current Voltage 


Feedback Amplifier 
Section 2 


LM7171 Very High Speed High Output Current Voltage 


Feedback Amplifier 
Section 1 


LM7800C Series 3-Terminal Positive Regulator 
Section 1 


LM8305 STN LCD Display Bias Voltage Source 
Section 2 


LM8305 STN LCD Display Bias Voltage Source 
Section 4 


LM9044 Lambda Sensor Interface Amplifier 
Section 3 


LM9061 Power MOSFET Driver with Lossless 


Protection 
Section 3 


LM13600 Dual Operational Transconductance 


Amplifier with Linearizing Diodes and Buffers 
Section 1 


LM13700 Dual Operational Transconductance 


Amplifier with Linearizing Diodes and Buffers 
Section 1 


LM18293 Four Channel Push-Pull Driver 
Section 4 


LM77000 Power Operational Amplifier 
Section 1 


LMC555 CMOS Timer 
Section 4 


LMC567 Low Power Tone Decoder 
Section 4 


LMC568 Low Power Phase-Locked Loop 
Section 4 


LMC660 CMOS Quad Operational Amplifier 
Section 1 


LMC662 CMOS Dual Operational Amplifier 
Section 1 


LMC835 Digital Controlled Graphic Equalizer 
Section 1 


LMC1982 Digitally-Controlled Stereo Tone and Volume 


Circuit with Two Selectable Stereo Inputs 
Section 1 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


Operational Amplifiers 


Power ICs 


Application Specific Analog Products 


Operational Amplifiers 


Application Specific Analog Products 


Operational Amplifiers 


Power ICs 


Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 


LMC1983 Digitally-Controlled Stereo Tone and Volume 


Circuit with Three Selectable Stereo Inputs 
Section 1 


LMC1992 Digitally-Controlled Stereo Tone and Volume 


Circuit with Four-Channel Input-Selector 
Section 1 


LMC6001 Ultra Ultra-Low Input Current Amplifier 
Section 1 


LMC6008 8 Channel Buffer 
Section 4 


LMC6008 8 Channel Buffer 
Section 2 


LMC6022 Low Power CMOS Dual Operational 


Amplifier 
Section 1 


LMC6024 Low Power CMOS Quad Operational 


Amplifier 
Section 1 


LMC6032 CMOS Dual Operational Amplifier 
Section 1 


LMC6034 CMOS Quad Operational Amplifier 
Section 1 


LMC6041 CMOS Single Micropower Operational 


Amplifier 
Section 1 


LMC6042 CMOS Dual Micropower Operational 


Amplifier 
Section 1 


LMC6044 CMOS Quad Micropower Operational 


Amplifier 
Section 1 


LMC6061 Precision CMOS Single Micropower 


Operational Amplifier 
Section 1 


LMC6062 Precision CMOS Dual Micropower 


Operational Amplifier 
Section 1 


LMC6064 Precision CMOS Quad Micropower 


Operational Amplifier 
Section 1 


LMC6081 Precision CMOS Single Operational 


Amplifier 
Section 1 


LMC6082 Precision CMOS Dual Operational 


Amplifier 
Section 1 


LMC6084 Precision CMOS Quad Operational 


Amplifier 
Section 1 


LMC6462 Dual Micropower, Rail-to-Raillnput 
and 


Output CMOS Operational Amplifier 
Section 1 


LMC6464 Quad Micropower, Rail-to-Raillnput 
and 


Output CMOS Operational Amplifier 
Section 1 


LMC6482 CMOS Dual Rail-to-Raillnput 
and Output 


Operational Amplifier 
Section 1 


LMC6484 CMOS Quad Rail-to-Raillnput 
and Output 


Operational Amplifier 
Section 1 


LMC6492 Dual CMOS Rail-to-Raillnput 
and Output 


Operational Amplifier 
Section 1 


LMC6494 Quad CMOS Rail-to-Raillnput 
and Output 


Operational Amplifier 
Section 1 


LMC6572 Dual Low Voltage (3V) Operational 


Amplifier 
Section 1 


LMC6574 Quad Low Voltage (2.7V) Operational 


Amplifier 
Section 1 


LMC6582 Dual Low Voltage, Rail-to-Rail Input and 


Output CMOS Operational Amplifier 
Section 1 


LMC6584 Quad Low Voltage, Rail-to-Raillnput 
and 


Output CMOS Operational Amplifier 
Section 1 
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LMC6681 Single Low Voltage, Rail-to-Raillnput 
and 


Output CMOS Amplifier with Powerdown 
Section 1 


LMC6682 Dual Low Voltage, Rail-to-Raillnput 
and 


Output CMOS Amplifier with Powerdown 
Section 1 


LMC6684 Quad Low Voltage, Rail-to-Raillnput 
and 


Output CMOS Amplifier with Powerdown 
Section 1 


LMC6762 Dual Micropower, Rail-to-Raillnput 
and 


Output CMOS Comparator 
Section 3 


LMC6764 Quad Micropower, Rail-to-Raillnput 
and 


Output CMOS Comparator 
Section 3 


LMC6772 Dual Micropower Rail-to-Raillnput 
and Open 


Drain Output CMOS Comparator 
Section 3 


LMC6774 Quad Micropower Rail-to-Raillnput 
and 


Open Drain Output CMOS Comparator 
Section 3 


LMC7101 Tiny Low Power Operational Amplifier with 


Rail-to-Raillnput 
and Output 
Section 1 


LMC7111 Tiny CMOS Operational Amplifier with 


Rail-to-Raillnput 
and Output 
Section 1 


LMC7211 Tiny CMOS Comparator with Rail-to-Rail 


Input 
Section 3 


LMC7221 Tiny CMOS Comparator with Rail-to-Rail 


Input and Open Drain Output 
Section 3 


LMC7660 Switched Capacitor Voltage Converter 
Section 3 


LMD18200 3A, 55V H-Bridge 
Section 4 


LMD18201 3A, 55V H-Bridge 
Section 4 


LMD18245 3A, 55V DMOS Full-Bridge Motor Driver 
Section 4 


LMD18400 Quad High Side Driver 
Section 3 


LP311 Voltage Comparator 
Section 3 


LP339 Ultra-Low Power Quad Comparator 
Section 3 


LP395 Ultra Reliable Power Transistor 
Section 5 


LP2950/ A-XX Series of Adjustable Micropower 


Voltage Regulators 
Section 3 


LP2950/ A-XX Series of Adjustable Micropower 


Voltage Regulators 
Section 2 


LP2951 / A-XX Series of Adjustable Micropower 


Voltage Regulators 
Section 2 


LP2951 / A-XX Series of Adjustable Micropower 


Voltage Regulators 
Section 3 


LP2952 Adjustable Micropower Low-Dropout Voltage 


Regulator 
Section 2 


LP2953 Adjustable Micropower Low-Dropout Voltage 


Regulator 
Section 2 


LP2954 5V Micropower Low-Dropout Voltage 


Regulator 
Section 2 


LP2956 Dual Micropower Low-Dropout Voltage 


Regulator 
Section 2 


LP2957 5V Low-Dropout Regulator for ,...P 


Applications 
Section 2 


LP2980 Micropower SOT, 50 mA Ultra Low-Dropout 


Regulator 
Section 2 
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Additional Available Linear Devices 
(Continued) 


LPC660 Low Power CMOS Quad Operational 


Amplifier 
Section 1 


LPC661 Low Power CMOS Operational Amplifier 
Section 1 


LPC662 Low Power CMOS Dual Operational 


Amplifier 
Section 1 


MM5368 CMOS Oscillator Divider Circuit 
Section 4 


MM5369 17 Stage Oscillator/Divider 
Seotion 4 


MM5450 LED Display Driver 
Section 4 


MM5451 LED Display Driver 
Section 4 


MM5452 Liquid Crystal Display Driver 
Section 4 


MM5453 Liquid Crystal Display Driver 
Section 4 


MM5480 LED Display Driver 
Section 4 


MM5481 LED Display Driver 
Section 4 


MM5483 Liquid Crystal Display Driver 
Section 4 


MM5484 16-Segment LED Display Driver 
Section 4 


MM5486 LED Display Driver 
Section 4 


MM58241 High Voltage Display Driver 
Section 4 


MM58341 High Voltage Display Driver 
Section 4 


MM58342 High Voltage Display Driver 
Section 4 


OP07 Low Offset, Low Drift Operational Amplifier 
Section 1 


Packing Considerations (Methods, Materials and 


Recycling) 
Section 6 


Packing Considerations (Methods, Materials and 


Recycling) 
Section 5 


Packing Considerations (Methods, Materials' and 


Recycling) 
Section 5 


Recommended Soldering Profiles-Surface 
Mount 
Section 5 


Recommended Soldering Profiles-Surface 
Mount 
Section 5 


Recommended Soldering Profiles-Surface 
Mount 
Section 6 


TL081 Wide Bandwidth JFET Input Operational 


Amplifier 
Section 1 


TL082 Wide,Bandwidth Dual JFET Input Operational 


Amplifier 
Section 1 
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t!JNational 


Q.c 
Semiconductor 
UI- 
-< 
." 
II)n~ 
Industry Package Cross-Reference 
Guide 


II) 
co 
CD0~0 
UI 
UII 
NSC 
::xJ 
NSC 
Signetlc8 
Motorola 
TI 
AMD 
Sprague 
CD 
IJ-A 
- 
CD~ 
CJ 


CD;:,n 
CD 
4/16 Lead 
c;) 


Glass/Metal 
DIP 
D 
D 
L 
D 
R 
c 


WOWW 


a: 
CD 


~= 


Glass/Metal 
F 
F 
Q 
F 
F, 
F 
Flat Pack 
S 


~ 
T, 
In 


TO-99, TO-100. 
TO·5 
K, 


@ 


H 
H 
L, 
G 
L 
H 


DB 


CJ 
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Throughput 
Time: The time it takes from addressing the 


analog input channels till valid data is read on the output. In 
the case of systems such as the LM12454/8 family, this 
includes reading the sequencer instruction, selecting the 
proper multiplexer input channels and waiting for them to 
settle, the conversion time of the AID, storing the results in 
the FIFO, sending a data request, and one clock cycle for 
the read to occur. 


Throughput 
Rate: The inverse of the Throughput Time. 


Watchdog 
Mode: This mode of operation is used to moni- 


tor an analog input's amplitude to two preset (and program- 
mable) limits. An interrupt signal can be generated if the 
input signal is above or below either of the two limits. As the 
preset limits are fed into the successive approximation 
AID's internal D/ A, and then compared to the input signal, 
the watchdog mode can provide a quick and accurate as- 
sessment of a possible alarm condition. 


t!1National 
Semiconductor 


Data Acquisition Systems 
Definition of Terms 
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Part 
I/O 
Mode/Res' 
Accuracy 
Conversion 
S/H 
# MUX 
On·Board 
Supply 
Temp 
Power 
Packages 
Comments 
No. 
Type 
(Bits) 
(Max) 
Tlme(Max) 
Inputs 
Reference 
Voltage 
Range 
(mWMax) 


ADC0851B 
Serial 
8 
±%LSB 
18 "'S 
N 
2 
N 
+5V 
I,M 
50mW 
N,V 
W 
2",s 


ADC0851C 
Serial 
8 
±1 LSB 
18 "'S 
N 
2 
N 
+5V 
I,M 
50mW 
N,V 
W 


ADC0858B 
Serial 
8 
±% 
LSB 
18 "'S 
N 
8 
N 
+5V 
I,M 
50mW 
N,V 
W 


ADC0858C 
Serial 
8 
±1 LSB 
18 ",S 
N 
8 
N 
+5V 
I,M 
50mW 
N,V 
W 


LM12454 
Parallel! 
12 + Sign 
±1 LSB 
8.8 ",S 
Y 
4 
Y 
+5V 
I 
30mW 
V 
On-Board 
Byte-Wide 
8 + Sign 
4.2 ",S 
Timer, FIFO, 
W 
Sequencer 


LM12458 
Parallel! 
12 + Sign 
±1 LSB 
8.8 ",S 
Y 
8 
Y 
+5V 
I,M 
30mW 
V,VF,EL 
On-Board 
Byte-Wide 
8 + Sign 
4.2 ",S 
Timer, FIFO, 
W 
Sequencer 


LM12H454 
Parallel! 
12 + Sign 
±1 LSB 
5.5 ",S 
Y 
4 
Y 
+5V 
I 
34mW 
V 
On-Board 
Byte-Wide 
8 + Sign 
2.6 ",S 
Timer, FIFO, 


W 
Sequencer 


LM12H458 
Parallel! 
12 + Sign 
±1 LSB 
5.5 ",S 
Y 
8 
Y 
+5V 
I,M 
34mW 
V,VF,EL 
On-Board 
Byte-Wide 
8 + Sign 
2.6 ",S 
Timer, FIFO, 


W 
Sequencer 


LM12L458 
Parallel! 
12 + Sign 
±1 LSB 
7.3 ",S 
Y 
8 
Y 
+5V 
I,M 
15mW 
V,VF,EL 
3V Operation 
Byte-Wide 
8 + Sign 
3.5 ",S 
W 


LM12L454 
Parallel! 
12 + Sign 
±1 LSB 
7.3 ",S 
Y 
4 
Y 
+5V 
I,M 
15mW 
V,VF,EL 
3V Operation 
Byte·Wide 
8 + Sign 
3.5 ",S 
W 


LM12434 
Serial 
12 + Sign 
±1 LSB 
5.5 ",S 
Y 
4 
N 
+5V 
I 
45mW 
V,M 
On-Board 
8 + Sign 
2.6 ",S 
Timer, FIFO, 
W 
Sequencer 


LM12438 
Serial 
12 + Sign 
±1 LSB 
5.5 ",S 
Y 
8 
N 
+5V 
I 
45mW 
V,M 
On-Board 
8 + Sign 
2.6 ",S 
Timer, FIFO, 
W 
Sequencer 


LM12L438 
Serial 
12 + Sign 
±1 LSB 
7.3 ",S 
Y 
8 
N 
+5V' 
I 
20mW 
V,M 
3V Operation 
8 + Sign 
3.5 ",S 
W 


Resolution: 
W 
Watchdog Comparison Mode 
(See datasheets for details) 
O'Cto 
+70'C 


- 25'C to + 85'C 
or -40'Cto 
+ 85'C 


-55'C 
to + 125'C 


Package Codes: 
N 
M 
V 
VF 
EL 


Plastic DIP 
Small Outline 
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PQFP 
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ADC0851 and ADC0858 8-Bit Analog Data 
Acquisition and Monitoring Systems 


General Description 
The ADC0851 and ADC0858 are 2 and 8 input analog data 
acquisition systems. They can function as conventional mul- 
tiple input AID converters, automatic scanning AID convert- 
ers 
or programmable analog 
"watchdog" 
systems. 
In 


"watchdog" 
mode they monitor analog inputs and deter- 
mine whether these inputs are inside or outside user pro- 
grammed window limits. This monitoring process takes 
place independent of the host processor. When any input 
falls outside of its programmed window limits, an interrupt is 
automatically generated which flags the processor; the chip 
can then be interrogated as to exactly which channels 
crossed which limits. 


The advantage of this approach is that its frees the proces- 
sor from having to frequently monitor analog variables. It 
can consequently save having to insert many AID subrou- 
tine calls throughout real time application code. In control 
systems where many variables are continually being moni- 
tored this can significantly free up the processor, especially 
if the variables are DC or slow varying signals. 
The Auto AID conversion feature allows the device to scan 
through selected input channels, performing an AID conver- 
sion on each channel without the need to select a new 
channel after each conversion. 


Applications 
• 
Instrumentation monitoring and process control 


• 
Digitizing automotive sensor signals 


• 
Embedded diagnostics 


Key Specifications 


• 
Resolution 
• 
Total error 
• 
Low power 
• 
Conversion time 
• 
Limit comparison time 


8 Bits 
±% 
LSB or ± 1 LSB 


50 mW 
18/Ls/Channel 
2/Ls/Limit 


Features 
• 
Watchdog operation signals processor when any 
channel is outside user programmed window limits 


• 
Frees microprocessor from continually monitoring 
analog signals and simplifies applications software 


• 
2 (ADC0851) or 8 (ADC0858) analog input channels 


• 
Single ended or differential input pairs 
• 
COM input for DC offsetting of input voltage 


• 
4 (ADC0851) and 16 (ADC0858), 8-bit programmable 
limits 
• 
NSC MICROWIRETMinterface 
• 
Power fail detection 
• 
Auto AID 
conversion feature 
• 
Single 5V supply 
• 
Window limits are user programmable via serial inter- 
face 


o 


2Tl~' 
10 
:~ 
+- Voc 
+-OGNO 


CONTROL LOGIC 


SHIFT REGISTtRS 


CONTROL REGlSTERS 


TI~ING GENERATOR 


POWER ON RESET 


~::O~i 


1 


ONLY) 


CO~PHl 
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ADC0851 
2-Channel 
MUX 
Dual-In-Llne 
Package 


ADC0851 
PLCC Package 
:<: 
Q 
0- 


(.) 
0 
Z 
~ 
I~ ~ 
>0 g 8 


OGNO 


COt.lPH 


COt.lPl 


CHO 


CH1 


COt.l 


AGNO 


VREP 


18 
COt.4PL 


17 
NC 


16 
CH 0 


15 
CH 1 


14 
NC 


Industrial 
Package 
(-40'C 
s;; TA s;; +85'C) 


ADC0851 
BIN, 
N16E,16-Pin 


ADC0851CIN 
Plastic DIP 


ADC0858BIN, 
N20A, 20-Pin 


ADC0858CIN 
Plastic DIP 


ADC0851 
BIV, 
V20A, 20-Lead 


ADC0851CIV 
PLCC 


ADC0858BIV, 
V20A, 20-Lead 


ADC0858CIV 
PLCC 


ADC0858 
8-Channel 
MUX 
Dual-In-Llne 
Package 


VCC 


OSC 
cs 


ClK 


01 


DO 


iNT 


[OC 


DGNO 


VREF 


ADC0858 
PLCC Package 


U 
0 
0 
-- 
I~ ~ 
>0 5 5 


CHO 


CHl 


CH2 


CH3 


CH4 


CH5 


CH6 


CH7 


COt.l 


AGNO 


18 
CH 2 


17 
CH 3 


16 
CH 4 


15 
CH 5 


14 
CH 6 


Military 
Package 
(-55'C 
s;; TA 
S;; + 125'C) 


ADC0851CMJ/883 
J16A,16-Pin 


Ceramic 
DIP 


ADC0858CMJ/883 
J20A. 20-Pin 


Ceramic 
DIP 


Absolute 
Maximum Ratings (Notes 1 &2) 
Operating 
Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Supply Voltage, 
Vcc 
4.5Vt05.5V 


please 
contact 
the 
National 
Semiconductor 
Sales 
Temperature 
Range 
TMIN ~ TA ~ TMAX 


Office/Distributors 
for 
availability 
and 
s~eclflcatlons. 
ADC0858CMJ/883 
-55·C 
~ TA ~ 
+ 125·C 
Supply Voltage, 
Vcc 
6.5V 
ADC0851 CMJ/883 
-55·C 
~ TA ~ 
+ 125·C 
Voltage 
at Logic 
and Analog 
\ 
ADC0858BIN, 
ADC0858CIN 
-40·C 
~ TA ~ +85·C 
Inputs (Note 3) 
-0.3VtoVcc 
+ 0.3V 
ADC0851 BIN, ADC0851 CIN 
-40·C 
~ TA ~ +85·C 
Input Current 
per Pin 
±5mA 


Input Current 
per Package 
±20mA 
ADC0858BIV, 
ADC0858CIV 
-40·C 
~ TA ~ +85·C 


Storage 
Temperature 
-65·C 
to + 150·C 
ADC0851 BIV, ADC0851CIV 
-40·C 
~ TA ~ +85·C 


Package 
Dissipation 
500mW 


at TA = + 25·C (Board Mount) 
800mW 


Lead Temperature 
(Soldering, 
10 Sec.) 


Dual-In-Line 
(Plastic) 
+ 260·C 


Dual-In-Line 
(Ceramic) 
+300·C 


ESD Susceptibility 
(Note 4) 
2000V 


DC Electrical Characteristics 
The following 
specifications 
apply for VCC = 
+ 5 VOC, VREF = 
+ 4.5 VOC, AGND = DGND = OV and fosc 
= 1 MHz (Rext = 
3.16 kn, 
Cext = 170 pF) unless otherwise 
specified. 
Boldface 
limits 
apply 
for TA = TJ = TMIN to TMAX; all other 
limits apply 
at TA = TJ = 
+ 25·C. 


Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
5) 
(Note 
6) 
(Limits) 


CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 


Total Unadjusted 
Error (Note 7) 


ADC0851/8/BIN, 
ADC0851/8/BIV 
±% 
LSB (Max) 


ADC0851/8/CIN, 
ADC0851/8/CMJ, 
±1 
LSB (Max) 


ADC0851/8/CIV 
±1 
LSB (Max) 


Comparator 
Offset 


ADC0851/8/BIN, 
ADC0858BIV 
±2.5 
±10 
mV(Max) 


ADC0851/8/CIN, 
ADC0851/8/CMJ, 
±2.5 
±20 
mV(Max) 


ADC0858CIV 
±2.5 
±20 
mV(Max) 


VREF Input Resistance 
6 
3.5 
kn(Min) 


10 
kn 
(Max) 


Common 
Mode Input Voltage 
All MUX Inputs 
GND - 
0.05 
V (Min) 


(Note 8) 
and COM Input 
Vcc 
+ 0.05 
V (Max) 


DC Common 
Mode Error 
. 
.<l.VCM= -0.05Vto 
+5.05V 
± 1/16 
±1/4 
LSB (Max) 


Power Supply Sensitivity 
VREF = 4.75V 


Vcc = 5V ± 5% 
±1/16 
± 1/4 
LSB (Max) 


VREF = 4.5V 
±1/16 
± 1/2 
Vcc = 5V ± 10% 


IOFF, 
I 
On Channel 
= 5V 
-0.01 
-3 
IJoA(Max) 
Off Channel 
Off Channel 
= OV 


Leakage 
Current 
On Channel 
= OV 


(Note 9) 
.1., 
Off Channel 
= 5V 
+0.01 
+3 
IJoA(Max) 


ION, 


./- 


On Channel 
= 5V 


On Channel 
Off Channel 
= OV 
+0.01 
+3 
IJoA(Max) 


Leakage 
Current 
On Channel 
= OV 


(Note 9) 
Off Channel 
= 5V 
-0.01 
-3 
IJoA(Max) 


• 


DC Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for VCC = 
+ 5 VDC, VREF = 
+ 4.5 VDC, AGND = DGND = OV and fosc 
= 1 MHz (Rext = 
3.16 kO, Cext = 170 pF) unless otherwise 
specified. 
Boldface 
limits apply for TA = TJ = T MIN to T MAX: all other 
limits apply 
at TA = TJ = 
+ 25'C. 


Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
5) 
(Note 
6) 
(Limits) 


DIGITAL 
CHARACTERISTICS 


logic 
"1" 
Input 


, 


VCC = 5.5V 


Voltage, 
VIH 
2.2 
V (Min) 


logic 
"0" 
Input 
VCC = 4.5V 
0.8 
V(Max) 
Voltage, 
VIL 


logic 
"1" 
Input 
VIN = VCC 
0.005 
3 
",A (Max) 
Current, 
IIH 


logic 
"0" 
Input 
VIN = OV 
-0.005 
-3 
",A (Max) 
Current, 
IlL 


logic 
"1" 
Output 
VCC = 4.5V 


Voltage, 
VOH 
lOUT = -360 
",A 
2.4 
V (Min) 


(Except iNi) 
lOUT = -10 
",A 
4.2 
V (Min) 


logic 
"0" 
Output 
lOUT = 1.6 mA 
0.4 
V (Max) 
Voltage, 
VOL 
VCC = 4.5V 


TRI-ST ATE@ Output 
CS = logic 
"1" 
(5V) 


Current 
(DO) 
VOUT = 0.4V 
-0.1 
-3 
",A (Max) 


VOUT = 5V 
0.1 
3 
",A (Max) 


ISOURCE 
VOUT Short to GND 
-14 
-8.5 
mA(Min) 
(Except 
INT) 


ISINK 
VOUT Short to VCC 
16 
8 
mA(Min) 


Supply Current, 
Icc 
fCLK = 1 MHz 
7 
10 
mA(Max) 


ADC0851 
or ADC0858 
fCLK = 2 MHz 
7.2 
mA 


(Note 10) 


AC Electrical Characteristics 
The following 
specifications 
apply for Vcc = 
+5 
VDC, VREF = 
+4.5 
VDC, AGND = DGND = OV, fCLK = 1 MHz.lr 
= tf = 
5 ns unless otherwise 
specified. 
Boldface 
limits apply for TA = TJ = TMIN to T MAX: all other 
limits apply at TA = TJ = 25'C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
5) 
(Note 6) 
(Limits) 


fCLK 
Data Clock Frequency 
1 
2 
MHz (Max) 


Clock Duty Cycle 
40 
0/0 (Min) 


(Note 11) 
80 
0/0 (Max) 


tSET-UP 
CS Falling Edge or 


Data Input Valid to 
30 
70 
ns(Min) 


ClK 
Rising Edge 


tHOLD 
Data Input Valid after 
5 
30 
ns(Min) 
ClK 
Rising Edge 


tPD1. tpDo 
ClK 
Rising Edge to 
CL = 100pF 
80 
200 
ns(Max) 
Output 
Data Valid 


Conditions 
Typical 
Limit 
Units 


Symbol 
Parameter 
(Note 
5) 
(Note 
6) 
(Limits) 


t1H, tOH 
Rising Edge of CS to 
C = 100 pF, R = 2k 


Data Output 
Hi-Z 
(See TRI-STATE 
90 
200 
ns(Max) 


Test Circuits) 


fose 
Oscillator 
Clock Freq. 
Rext = 3.16 kfi 
1 
1.4 
MHz (Max) 


(Analog Timing) 
Cext = 170 pF 
0.8 
MHz (Min) 


tEOe 
CSto 
End of 
OSCClock 


Conversion 
Delay 
Periods 


1 
Min 


J:' 
2 
Max 


tConv 
Conversion 
Time 
OSCClock 


Periods 
17 
(Min) 


18 
(Max) 


~-INT 
CS to Interrupt 
Delay 
60 
120 
ns (Max) 


CIN 
Capacitance 
of 
5 
pF 
logic 
Input 


COUT 
Capacitance 
of 
5 
pF 
logic 
Output 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade 
when the device 
is not operated 
under the listed test 
conditions. 


Nole 
2: All voltagesare measuredwith respectto ground(AGND~ DGND ~ OV). 


Note 3: All of the analog and digital input pins are internally diode clamped 
to the supply pins. Should the applied voltage 
at any pin exceed the power supply 
voltage, the additional 
absolute value of current at that pin (caused by the forward biasing of the internal diodes) should be limited to 5 mA or less. 


Note 4: Human body model, 100 pF discharged 
through a 1.5 kfi resistor. 


Note 5: Typical specifications 
are at + 25"C and represent 
the most likely parametric 
norm. 


Note 6: Tested limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 7: Total unadjusted 
error includes comparator 
offset, ADC linearity and multiplexer 
error, and, is expressed 
in LSBs. 


Note 8: Two on-chip diodes are tied to each analog input. The diodes will forward conduct for analog input voltages one diode drop below ground or one diode drop 
above Vcc. Care should be exercised 
when operating the device at low supply voltages 
(e.g., Vcc 
= 4.5V) because high analog inputs (5V) can cause the input 
diodes to conduct, especially at elevated temperatures. 
This will cause errors for analog inputs near full scale. The specification 
allows 50 mV forward bias of either 
clamp diode. Thus as long as VIN or VREF does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 Voc 
to 5 VOC input voltage range will therefore 
require a minimum supply voltage of 4.950 VDC' 


Note 9: Leakage current is measured with the oscillator 
clock disabled, 


Note 10: Measured 
supply current does not include the DAC ladder current. 


Note 11: A 40% to 60% clock duty cycle range ensures proper operation 
at all clock frequencies. 
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Watchdog 
1000 
Cll 
... 
CO 
i3 
... 
TO,Cll 
... 
CO,P,S3 
... 
S0 
-SencrDala 
aller 
IN I 


Write 1 Limit 
1001 
A3 ... 
AO, LO ... 
L7 
Write Limit to RAM 


1 AID Conversion 
1010 
13... 
10 
DO ... 
D7, 13... 
10 
Send Data after Conversion 


Read 1 Limit 
1011 
A3 ... 
AO 
LO ... 
L7 
Send Limit from RAM 


Test 
1100 
Do Not Use (See Text) 


Write all Limits 
1101 
4 Bytes, LO First 
Write All Limits to RAM 


Auto AID Convert 
1110 
Cll 
... 
CO 
DO ... 
D7, 13... 
10 
Continuous 
Conversion 


Read all Limits 
1111 
4 Bytes, LO First 
Send all Limits from RAM 


Function 
Receive 
(01) 
Transmit 
Comments 


Mode 
(DO) 


Watchdog 
1000 
Cll 
... 
CO 
T3 ... 
TO,Cll 
... 
CO,P,S15 
... 
S0 
Send Data after INT 


Write 1 Limit 
1001 
A3 ... 
AO, LO ... 
L7 
Write Limit to RAM 


1 AID Conversion 
1010 
13... 
10 
DO ... 
D7, 13... 
10 
Send Data after Conversion 


Read 1 Limit 
1011 
A3 ... 
AO 
LO ... 
L7 
Send Limit from RAM 


Test 
1100 
Do Not Use (See Text) 


Write all Limits 
1101 
16 Bytes, LO First 
Write all Limits to RAM 


Auto AID Convert 
1110 
Cll 
... 
CO 
DO ... 
D7, 13... 
10 
• 
Continuous 
Conversion 


Read all Limits 
1111 
16 Bytes, LO First 
Send all Limits from RAM 


Bit Order 


Information 
Type 
ADC0851 
ADC0858 


First 
I 
I 
Last 
First 
I 
I 
Last 


Limit Data 
LO 
... 
L7 
LO 
... 
L7 


AID Conversion 
Data 
DO 
... 
D7 
DO 
... 
D7 


Limit Address 
A3 
... 
AO 
A3 
... 
AO 


Status 
S3 
... 
SO 
S15 
... 
SO 


Channel 
Tag 
T3 
... 
TO 
T3 
... 
TO 


Channel 
Configuration 
Cll 
... 
CO 
Cll 
... 
CO 


Channel 
Information 
13 
... 
10 
13 
. .. 
10 


Mode 
M3 
... 
MO 
M3 
... 
MO 


Power Fail 
P (One Bit) 
P (One Bit) 


Pin Descriptions 
vee 
Positive power supply pin. Bypass to analog 
ground with a 0.1 JLFceramic capacitor in 
parallel with a 10 JLFtantalum capacitor. 


OSC 
InputlOutput pin used to generate internal 
timing for AID 
conversion. This pin is con- 
nected to an external resistor and capacitor 
to set the oscillation frequency for analog 
timing (see Figure 
12). 
CS 
This is the chip select input pin. It must be 
held low while data is transferred to or from 
the ADC085118 (see Timing Diagram). 


ClK 
The serial clock input pin is used to clock 
serial data either into the data input pin (01) 
or out of the data output pin (DO). Input data 
is loaded on the rising edge of ClK and the 
output data is valid at the falling edge of 
ClK. 


01 
Serial data digital input pin. 
DO 
TRI-STATE data output pin. 


INT 
This is the 'active low interrupt pin that indi- 
cates that at least one analog input channel 
voltage 
level 
has 
exceeded 
the 
pro- 
grammed window limits. Since this pin has 
an open drain output, an external pull up re- 
sistor is required. This allows many devices 
to be wire-ORed together using a single 
pull-up resistor. 
EOC 
End of conversion output pin. The low state 
indicates that an AID conversion is in prog- 
ress. The EOC pin goes high when the con- 
version is completed. 


AGND 
DGND 


CHO-CHl 
(ADC0851) 


CHO-CH7 
(AOC0858) 


COMPl, 
COMPH 


Analog ground reference. 
Digital ground reference for the logic inputs. 
Both AGND and OGNO should be at same 
potential. 


This is the analog reference pin. The volt- 
age applied to this pin sets the full scale 
AID conversion range. Recommended volt- 
ages applied to this pin range from 1V to 
Vee. Bypass to analog ground with a 0.1 JLF 
ceramic capacitor in parallel with a 10JLF 
tantalum capacitor. 


The COM pin functions as an inverting dif- 
ferential input common to all analog inputs 
when each channel is configured as a sin- 
gle-ended channel. If the input channels are 
programmed as differential pairs then the 
COM input has no effect. 


CHO-CH7 are analog input channels which 
can be configured as single ended inputs or 
as differential pairs. The analog input volt- 
age should stay within the power supply 
range. 


These output pins are available only on the 
AOC0851. During "Watchdog" operation, if 
either of the inputs exceeds the window lim- 
its, not only is an interrupt generated but 
also the COMPl and COMPH pins go low to 
indicate whether the upper or lower bounda- 
ry was exceeded (See applications section 
for more information.) 
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General Overview 
The ADC0651/56 is a versatile microprocessor-compatible 
data acquisition system with an on-board watchdog capabili- 
ty. The device is capable of synchronous serial interface 
with most microprocessors and includes a multiplexer, a 
RAM 
and 
a 
successive 
approximation 
register. 
The 


ADC0651 and the ADC0656 have two and eight input chan- 
nels respectively. 


1.0 Modes of Operation 
The device can be used in anyone of the eight modes of 
operation listed below. A mode is selected by taking cg low 
and providing the IC with an input word whose first four bits 
specify the desired mode (see the "Programming Charts" 
for the mode selection codes): 


1.1 WATCHDOG MODE 
This mode of operation allows the device to operate as a 
digitally-programmable window comparator. The analog in- 
put voltage at each channel is compared against the upper 
and lower boundary limits stored in an internal RAM. When 
an input falls outside of its programmed window limits, an 
interrupt is generated. The microprocessor can then pull cg 
low which causes the device to produce a bit stream that 
indicates which channel(s) crossed which limit(s). 
The watchdog mode is selected by taking cg low and shift- 
ing in the four bit word (1 000) 
followed by a twelve bit 


word that configures the analog inputs to operate either as 
single-ended or as differential pairs (CHO-CH1, CH2-CH3, 
etc.). When a channel is operating single-ended, its input 
voltage is compared to the upper and lower limits stored in 
RAM for that input. When two inputs are configured as a 
differential pair, the limits stored in the RAM for the channel 
with the lower number will be compared against the differ- 
ential input voltage. For example, the differential voltage 
CHO-CH1 will be compared with the lower and upper limits 
for CHO.The limits are programmed using the "write one 
limit to RAM" or "write all limits to RAM" mode. 


Data Input (DI) Word-ADC0851 
or ADC0858 
__~c:: 
__ 
SEl[CT 
WATCHDOG "lODE 


1' I0I0I01<+++++++++++0 
I 


I 
I 


1.2 WRITE ONE LIMIT TO RAM 
This mode allows the user to update a single limit for one of 
the input channels. This is accomplished by using a 16-bit 
stream of input data (see "Programming Chart"). The first 
four bits (1 001) 
select the mode, the next four bits select 


the input channel and the limit (upper or lower) that will be 
preset, and the last eight bits set the limit (or comparator 
threshold). 
The limit data representing the input voltage limit (or com- 
parator threshold) is expressed as per the following equa- 
tion: 


VUM = VREF (V. L7 + % L6 + ... + 1;256 LO) 


where L7 is the MSB. 


Data Input (DI) Word-ADC0851 
or ADC0858 


C~I~~~C~O~~IT£ 
ONE 
c-=llwrr 
DATA 
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1.3 WRITE ALL LIMITS TO RAM 
This mode is used to update each pair of lower and upper 
limits for all channels. This is accomplished by a stream of 
input data whose first four bits select the mode of operation 
followed by four bytes of limit data for the ADC0651 and 
sixteen bytes of limit data for the ADC0656. 
The limit data representing the input voltage limit (or com- 
parator threshold) is expressed as per the following equa- 
tion: 


VLIM = VREF (V. L7 + % L6 + ... + 1;256 LO) 


where L7 is the MSB. 


Data Input (DI) Word-ADC0851 
or ADC0858 


UWfT 3 (all 
- 
UL) 
--- 
ADC0851 


UWIT 
15 
(017 
- 
UL) 
-- 
AOC0858~ 


I 
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1,1, 
101,1,0""++++"'1++"'1+++"'1 
L-!' 
I 
t 
L.lIIT 0 (0f0-LL)--ADC0851 
01 ADCOS58 
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1.4 READ ONE LIMIT FROM RAM 
When the ADC0651/6 is configured in this mode, the user 
can read back an 6-bit limit word from the RAM memory 
location pointed to by the limit address. An 6-bit input word 
selects the mode (1 01 1) and the memory location to be 
read. 


Data Input (DI)-ADC0851 
or ADC0858 


(, 
10 1,1, 
I43HA+ol 


I 
I' 
f 
I 
WDtORY ADDRESS (TABLE 1-' 
rOR ADCOMl, 


TABl.£ 18 
FOR ADCOa58) 
----sarcr 
READ ONE lMT 
WOllE 


1.0 Modes of Operation 
(Continued) 


1.5 READ ALL 
LIMITS 
FROM RAM 


This mode 
of operation 
allows 
the device 
to serially 
output 
8-bit 
limit 
data 
from 
each 
memory 
location 
in succession 


starting 
with 
CHO-Iower 
limit 
(see 
Section 
2.4 under 
inter- 


face considerations). 


Data Input 
(01) Word-AOC0851 
or AOC0858 


ITEEl 
I 
I 


[ 
SEl£CT 
READ "'LL 
L1.1TS 
.DDE 
TUH/llD21-27 


1.6 INITIATE 
ONE AID 
CONVERSION 


At any time, the user can initiate 
an AID 
conversion 
on any 


input channel. 
Note that the input channels 
may be config- 
ured as single ended 
or differential 
inputs. The first four bits 


of the input word select 
the mode of operation 
and the next 
four bits assign 
the multiplexer 
configuration. 


Data Input 
(01) Word-AOC0851 
or AOC0858 


~ 


I 
II 
I 
CH"'NNEL 
l.rOR 
•••• T1ON 


---- 
SEu:CT 
ONE "'/0 
CONVERSION 
.ODE 
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1.7 INITIATE 
AUTO 
AID 
CONVERSION 


When 
configured 
in this mode, 
an AID 
conversion 
is done 
on a channel 
or channel 
pair and after 
the output 
data 
is 


transmitted, 
conversion 
begins 
on 
the 
next 
subsequent 
channel 
or channel 
pair. In this mode the device 
continually 


scans 
through 
the input channels 
making 
AID 
conversions 


unless 
the device's 
mode of operation 
is changed. 
The first 
four bits of the input word select 
the mode of operation 
and 
the next twelve 
bits assign 
the multiplexer 
configuration. 


Data Input 
(01) Word-AOC0851 
or AOC0858 
C SELECT "'UTO 
"'/0 
CONVERSION 
.ODE 


~-~~-""I 


o 
Cll 
CtO 


1.8 TEST 
MODE 


This mode is used to test the ADC0851 18 at the factory 
and 


is not 
intended 
for normal 
use. If this mode 
is accidentally 
selected, 
the supply voltage 
must be disconnected 
and then 


reconnected 
to reset the device. 


2.0 Conversion Timing vs 
Serial Interface Timing 


Note that the ADC0851 18 uses two clock 
signals 
for proper 


operation. 
Connecting 
an external 
resister 
(RexV from 
the 
asc pin (pin 2) to Vcc and an external 
capacitor 
(CexV from 


the OSC pin to ground 
causes 
the device's 
internal 
oscilla- 


tor to generate 
the 
OSC 
clock 
signal 
for AID 
conversion 


and 
watchdog 
timing. 
With 
Rext = 
3.16 
kfl 
and 
Cext = 


170 pF. the OSC clock 
frequency 
is approximately 
1 MHz. 


Note that internally, 
ADC085118 
divides 
the OSC clock 
fre- 


quency 
by two. An AID 
conversion 
is completed 
in eighteen 


OSC clock 
periods 
maximum. 
It should 
be noted 
that 
the 


OSC pin of the ADC085118 
should 
not be driven 
by an ex- 


ternal 
clock. 


An external 
clock 
signal 
is applied 
to the ClK 
pin (pin 4) of 


the ADC0851 18. The ClK 
signal is used to clock 
serial data 


either 
into the data 
input pin (DI) or out of the data 
output 


pin (DO). 


Note 
that 
input 
data 
is loaded 
at the 
rising 
edge 
of ClK 


while the output 
data is valid at the falling 
edge of ClK. 
All 


digital timing such as data set-up and hold times and delays 
are 
measured 
with 
respect 
to 
the 
ClK 
signal. 
The 
OSC 
clock 
and ClK 
frequencies 
need not be the same. 


3.0 Programming Information 


The 
ADC0851 
and 
ADC0858 
communicate 
data 
serially 


over the DI (data input) and DO (data output) 
lines. The data 


format 
for the input and output 
words 
for various 
modes 
of 


operation 
are shown 
in the "programming 
charts." 


There 
are nine types 
of data as shown 
in the "serial 
com- 


munication 
bit order" 
table. The order in which 
data is com- 


municated 
is MSB first in all but two cases: 
Limit data and 


AID 
conversion 
data. The various 
data types 
are described 


below. 


3.1 LIMITOATA(LO,L1, 
..• 
L7) 


Limits on the ADC085118 
are 8 bits in width 
and can either 


represent 
an upper 
or lower 
boundary 
limit. Limit data can 


either 
be written 
(in the "write 
one limit" 
or "write 
all limits" 


mode) 
to or read (in the "read 
one limit" 
or "read 
all limits" 


mode) 
from the limit RAM. Being able to read back the limit 


data 
allows 
system 
testability, 
and 
it also 
allows 
indepen- 


dent software 
routines 
to see what window 
limits were previ- 


ously written 
to the chip. During watchdog 
operation, 
a pro- 


grammed 
limit must be crossed 
in order 
to cause 
an inter- 
rupt. 


3.2 AID 
CONVERSION 
DATA 
(00,01, 
•.. 
07) 


There are two AID 
conversion 
modes 
(One AID 
conversion 


and 
Auto 
AID 
conversion) 
that 
produce 
8-bit 
conversion 


data. 
During 
either 
type of AID 
conversion, 
a single-ended 


analog 
input or a differential 
analog 
input pair is digitized 
to 


produce 
this conversion 
data. 


3.3 LIMIT 
ADDRESS 
(A3, A2, ••• AO) 


The 
limit 
address 
points 
to 
the 
location, 
within 
the 
limit 


RAM, to which 
limit data is sent or from which 
it is received. 


Limit address 
is used in the "write 
one limit to RAM", 
"write 
all limits to RAM", 
"read 
one limit from 
RAM" 
or "read 
all 
limits from 
RAM" 
mode. 
There 
are two addresses 
for each 


analog 
input; the even 
addresses 
correspond 
to the lower 
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3.0 Programming Information 
(Continued) 


limits while 
the odd addresses 
correspond 
to the upper 
lim- 
its. The ADC0851 
and ADC0858 
both use four bits (A3-AO) 


to address 
the 
limit 
RAM 
but the 
ADC0851 
only 
decodes 


the two 
LSBs while 
ignoring 
the two 
MSBs. 
The ADC0858 
decodes 
all four bits thus yielding 
sixteen 
limit addresses. 


3.4 STATUS 
AND CHANNEL 
TAG DATA 
(53,52, 
•.• 
,SO, ADC0851; 
515, 514, 
••• 
,SO, ADC0858) 


(T3, T2, .•• 
, TO) 


During watchdog 
mode, 
immediately 
after one analog 
input 


is determined 
to be outside 
of its programmed 
window 
limit, 


its channel 
number 
is stored 
in the channel 
tag register 
and 


the 
remaining 
inputs 
are checked 
one 
more 
time 
and the 
pass/fail 
status 
of each input is stored 
in the status 
register. 


When 
the 
microprocessor 
receives 
the 
interrupt 
signal, 
it 


can read the status 
and channel 
tag data by pulling CS low 
and clocking 
out the data. 


3.5 CHANNEL 
CONFIGURATION 
DATA 


(C11, C10, ••. 
CO) 


The channel 
configuration 
data assigns 
the configuration 
of 


the 
multiplexer. 
The 
data 
is comprised 
of twelve 
bits with 


each group of three bits addressing 
an analog 
input channel 
pair. Each channel 
pair can be configured 
for single-ended 


operation, 
differential 
operation, 
one single 
ended 
channel 
and one disabled 
channel, 
or both 
channels 
disabled. 
The 


channel 
configuration 
data is required 
when the device 
is in 


the watchdog 
or Auto AID 
conversion 
mode. 


3.6 CHANNEL 
INFORMATION 
DATA 


(13,12, ... 
10) 


This data is used by the ADC0851 /8 only when the device 
is 


configured 
in the "One 
AID 
conversion" 
mode. 
The chan- 
nel information 
data 
assigns 
the configuration 
of the multi- 


plexer. 


3.7 MODE ADDRESS 
(M3, M2, ... 
MO) 


The input word 
(DI) configures 
the ADC0851 /8 for various 


modes 
of operation. 
The 
first 
four 
bits 
of the 
input 
word 


constitute 
the 
mode 
address 
which 
specifies 
the 
mode 
of 


operation. 


3.8 POWER 
FAIL 
BIT (P) 


The 
ADC0851/8 
is automatically 
configured 
to the watch- 
dog 
mode 
upon 
power-up 
and 
an interrupt 
is immediately 
generated 
after CS is pUlled high. Pulling CS low produces 
a 


17-bit data stream. 
The seventeenth 
bit of the output 
word 
DO in the 
watchdog 
mode 
is the 
power 
fail 
bit, P. If the 


output 
data 
is read after 
power-up 
then 
P will be at logical 


"1". 
Changing 
the 
mode 
of operation 
resets 
P to 
logical 


"0". 
Any subsequent 
power 
failure 
will cause 
the device 
to 


configure 
in the watchdog 
mode 
upon 
power-up 
with 
P at 


logical 
"1". 


thirty two oscillator 
clock 
periods 
for the ADC0858 
respec- 


tively 
(see 
the 
Timing 
Diagram, 
"Read 
Power 
Flag 
after 
Power 
Up ADC0851/8"). 
When changing 
to a new mode of 
operation, 
the device 
readies 
itself to read a new input word 
clocked 
in at the data input (DI) pin. The input word config- 
ures the new mode 
of operation. 


Functional Description 


The 
simplified 
block 
diagram 
(Figure 
1, front 
page) 
shows 
the various 
functional 
blocks. 
The ADC0851 
and ADC0858 
include 
2- and 8-channel 
analog 
input 
multiplexers 
respec- 


tively. 
Using 
the 
appropriate 
serial 
input 
word 
at the 
Data 
Input 
(DI) pin, the 
analog 
channels 
can 
be configured 
for 
either single-ended 
operation 
or differential 
mode operation. 
The COM 
input 
pin provides 
additional 
flexibility 
since 
the 


COM pin functions 
as an inverting 
differential 
input common 
to all analog 
inputs 
when 
each 
channel 
is configured 
as a 
single 
ended 
channel. 
Applying 
an external 
DC voltage 
at 
the COM pin allows 
offsetting 
the single ended 
analog 
input 
voltages 
from 
ground 
(pseudo-differential 
mode). 
Input 
channels 
that are configured 
as differential 
pairs will be un- 
affected 
by the voltage 
at COM pin. 


The ADC0851 /8 
includes 
an 8-bit 
DAC, a comparator 
and 
an 8-bit 
successive 
approximation 
register. 
An 
analog-to- 
digital conversion 
can be initiated 
at any time on anyone 
of 


the input channels. 
The 8-bit digital 
word 
corresponding 
to 
the analog 
input voltage 
is serially 
clocked 
out at the Data 


Output 
(DO) pin. In addition 
to its use as a multiplexed 
AID 
converter, 
the ADC0851 /8 
may also be used as a window 


comparator 
in the 
watchdog 
mode. 
An 
upper 
and 
lower 
boundary 
limit corresponding 
to each 
analog 
input voltage 
may be stored 
in an internal 
RAM. 
The 
RAM 
consists 
of 
sixteen 
memory 
locations, 
each 8 bit wide; however, 
for the 


ADC0851 
only four 
memory 
locations 
are used. 
Limit data 


can either 
be written 
into or read back 
from 
the RAM. The 


read/write 
capability 
allows 
independent 
software 
routines 


to read back previously 
programmed 
window 
limits. Further- 
more, currently 
programmed 
limits may also be read back to 
ensure 
system 
testability. 
An address 
register 
holds the ad- 


dresses 
of the 
RAM's 
memory 
locations 
where 
data 
may 


either 
be stored 
or retrieved 
from. 


When 
the device 
is operated 
in the watchdog 
mode 
(as de- 
scribed 
in the 
"general 
overview" 
section), 
the 
analog 
in- 


puts are continually 
polled 
and compared 
against 
their 
re- 


spective 
window 
limits. 
Once 
an input 
signal 
that 
has ex- 
ceeded 
either 
boundary 
limit is detected, 
a "1" 
is stored 
in 


the MSB position 
in a 16-bit status 
register, 
indicating 
a limit 


crossing. 
Note that the ADC0851 
uses only four locations 
of 


the status 
register 
because 
it has only four 
limits. 
In addi- 


tion, the tag register 
is updated 
so that the register 
holds the 


address 
which 
indicates 
the channel 
and the corresponding 


upper 
or lower 
limit that 
was 
crossed. 
After 
the 
first 
limit 


crossing 
is detected, 
the device 
cycles 
through 
the remain- 


ing limits and compares 
them 
against 
their respective 
input 


signals. 
If any 
additional 
limit 
crossing 
is or are detected 
then 
a "1" 
is stored 
in the 
appropriate 
locations 
of 
the 


status 
register. 
After 
the completion 
of this 
operation, 
the 


interrupt 
pin (INT) goes low, providing 
a flag to a microproc- 
essor. The microprocessor 
can then cause 
the serial status 


data to be shifted 
out by bringing 
the CS line low. Together 
with the status 
and tag bits, the microprocessor 
can deter- 


mine which 
channel 
exceeded 
which 
limit. If desired 
the mi- 


4.0 Initialization after Power-Up 


The ADC0851/8 
is automatically 
configured 
in the watch- 


dog 
mode 
upon 
power-up. 
After 
reading 
the power 
fail bit 


CS is pulled high. To exit the watchdog 
mode and to change 


to a new 
mode 
of operation, 
CS should 
be high less than 


eight oscillator 
clock 
periods 
for the ADC0851 
and less than 
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CS 
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either 
of the inputs 
exceeds 
its respective 
window 
bounds 
then 
not only 
is an interrupt 
generated 
but a logic 
low at 
COMPL 
or COMPH 
indicates 
whether 
the 
lower 
or upper 
boundary 
was crossed. 


A mode 
register 
within 
the ADC0851 18 allows 
the device 
to 


be used in anyone 
of the eight 
modes 
of operation 
as de- 


scribed 
in the "general 
overview" 
section. 


The features 
described 
make the ADC0851 18 ideal for use 
in microprocessor-based 
automotive, 
instrumentation 
and 
control 
applications. 
Such 
applications 
often 
require 
moni- 


toring 
of various 
transducer 
signals 
and comparison 
against 
pre-programmed 
window 
limits. 
With 
its watchdog 
opera- 
tion, the ADC0851 18 frees up the microprocessor 
from hav- 
ing to continually 
monitor 
the analog 
variables; 
the 
micro· 


processor 
is interrupted 
only when 
the input signal crosses 
the preset 
bounds. 
Furthermore, 
the window 
limits can easi- 


ly be changed 
with simple 
software 
control. 


Applications 
Information 


I. Digital Interface 
Considerations 


The 
ADC0851 
and 
ADC0858 
communicate 
data 
serially 
over 
the 
DI (Data 
Input) 
and 
DO (Data 
Output) 
pins. 
The 
data 
transfer 
is synchronous 
with the external 
clock 
(CLK) 
signal 
and 
is clocked 
in or out of the 
device 
at the 
rising 
edge of clock. 
Note that although 
the output 
data is clocked 
out starting 
at the rising edge of CLK, the data is valid at the 


falling 
edge 
of CLK. 


All internal 
timing 
in the device 
is with respect 
to the oscilla- 


tor clock. 
The 
oscillator 
frequency 
is set by connecting 
a 


resistor 
from the OSC pin (pin 2 for ADC0851 
or ADC0858) 


to Vcc 
and 
a capacitor 
from 
the 
OSC pin to ground. 
The 


period 
of the oscillator 
clock 
will determine 
the AID conver- 
sion time and chip select 
(~) 
high duration 
as will be dis- 
cussed 
in the following 
sections. 


1.0 Modes of Operation 


To initiate the operation 
of the device 
in anyone 
of the eight 
modes, 
the chip select 
(~) 
line must go low. After a CS low 


is detected, 
serial input data at the DI pin is clocked 
in start- 
ing at the first rising edge 
of the serial clock. 
The first four 
bits of the input word 
are reserved 
for specifying 
the mode 


Mode Address 
Mode 
M3 
M2 
M1 
MO 


1 
0 
0 
0 
Watchdog 


1 
0 
0 
1 
Write One Limit 


1 
0 
1 
0 
One AID Conversion 


1 
0 
1 
1 
Read One Limit 


1 
1 
0 
0 
Test (for Factory 
Use Only) 


1 
1 
0 
1 
Write All Limits 


1 
1 
1 
0 
Auto AID Conversion 


1 
1 
1 
1 
Read All Limits 


1.1 POWER 
FAILURE 
DETECTIONI 
INITIALIZATION 
AFTER 
POWER-UP 


Upon power up, the device 
is automatically 
configured 
in the 


watchdog 
mode. 
The 
status 
of the 
power 
flag 
bit, p. pro- 


vides 
power 
failure 
indication 
to the 
microprocessor. 
The 


timing 
diagram 
of Figure 2 shows 
the sequence 
of events. 


First 
consider 
the case 
of initial 
power 
up. After 
power 
is 


applied, 
~ 
should 
be brought 
high. Bringing 
~ 
high caus- 


es the INT pin to go low, which 
signals 
the microprocessor 


that 
a failure 
has occurred. 
The 
microprocessor 
can then 
interrogate 
the device 
as to the type 
of failure 
by bringing 
~ 
low. When ~ 
goes low, it resets the INT pin to high and 


the 
output 
data 
is read 
starting 
at the 
first 
rising 
edge 
of 


clock 
(CLK) 
after 
~ 
has gone 
low. 
Since 
this 
is the 
first 


read cycle 
after power 
up, the power 
flag bit, P, is set high 


and 
appears 
at the 
rising 
edge 
of the 
seventeenth 
clock 


cycle 
after CS low is detected 
(Figure 2). After 
the 
power 


flag is read by the microprocessor, 
CS is taken 
high. Note 


that the duration 
for which 
CS remains 
high (after the power 
flag is read) must be less than eight oscillator 
clock 
periods 


for ADC0851 
and 
less than 
thirty-two 
oscillator 
clock 
peri- 


ods for ADC0858. 
This 
is required 
to interrupt 
the 
device 


from watchdog 
mode so that when CS goes low, the device 
reads 
a valid data input (DI) word 
and configures 
to a new 


mode. 


During 
normal 
operation, 
the power 
flag bit is reset 
to zero 


after the first "read" 
cycle and will be updated 
to a "1" 
only 


if a power 
interruption 
occurs. 


iiif -.r-L-.J 
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FIGURE 
2. Read Power 
Flag after 
Power 
Up ADC0851/ADC0858 
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2.0 Memory Access Modes 
The ADC0851/8 has an internal RAM with sixteen memory 
locations (one location for the upper limit and one for the 
lower limit for each of the 8 input channels). Each memory 
location is 8 bits wide. An 8-bit limit word representing an 
upper or lower limit boundary can either be written to or read 
from the RAM. The ADC0851 uses only four memory loca- 
tions for the four boundary limits corresponding to the two 
inputs. The eight channel ADC0858, however, makes use of 
all sixteen memory locations. 
Each memory location is accessed by a specific address as 
shown by Table lI(a) and (b). Note that even addresses cor- 
respond to the lower limits while the odd addresses corre- 
spond to the upper limits. The ADC0851 and ADC0858 both 
use 4 bits (A3, ... 
AO) to address the RAM, however, 


ADC0851 decodes only the two LSBs of the address data 
while ignoring the two MSBs. 


TABLE lIa. RAM Address and 
Limit Data for ADCD851 


RAM Address 
Corresponding 
A3 
A2 
A1 
AD 
Channel and Limit 


X 
X 
0 
0 
CHO-Lower Limit 


X 
X 
0 
1 
CHO-Upper Limit 


X 
X 
1 
0 
CH1-Lower Limit 


X 
X 
1 
1 
CH1-Upper Limit 


TABLE lib. RAM Address and 
Limit Data for ADCD858 


RAM Address 
Corresponding 


A3 
A2 
A1 
AD 
Channel and Limit 


0 
0 
0 
0 
CHO-Lower Limit 


0 
0 
0 
1 
CHO-Upper Limit 


0 
0 
1 
0 
CH1-Lower Limit 


0 
0 
1 
1 
CH1-Upper Limit 


0 
1 
0 
0 
CH2-Lower Limit 


0 
1 
0 
1 
CH2-Upper Limit 


0 
1 
1 
0 
CH3-Lower Limit 


0 
1 
1 
1 
CH3-Upper Limit 


1 
0 
0 
0 
CH4-Lower Limit 


1 
0 
0 
1 
CH4-Upper Limit 


1 
0 
1 
0 
CH5-Lower Limit 


1 
0 
1 
1 
CH5-Upper Limit 


1 
1 
0 
0 
CH6-Lower Limit 


1 
1 
0 
1 
CH6-Upper Limit 


1 
1 
1 
0 
CH7-Lower Limit 


1 
1 
1 
1 
CH7-Upper Limit 


2.1 WRITE ONE LIMIT 
This mode is used to update a single memory location in the 
limit RAM. An 8-bit limit word is written to the location point- 
ed to by the limit address. From Table I we can see that to 
initiate the operation of the device in the "write one limit" 
mode, the mode address has to be 1 0 0 1. The data format 
for the input word is as shown below. 


C 


WODE 


I 


~---- 
••nIORY 
ADDRESS 
(TABLE][A. 
fOR 
AOC0851. 


TABLEIs 
fOR •••DCD8S8) 
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2.0 Memory Access Modes 
(Continued) 


Note that 
the memory 
address 
is clocked 
in with the 
MSB 
(bit A3) first whereas 
the limit data is clocked 
in with the LSB 
(bit LO) first. 


Figure 3shows 
the timing diagram 
for writing 
one limit. After 
~ 
is brought 
low, the input word 
(01) is clocked 
in starting 
at the first rising edge of CLK. Taking ~ 
high after the MSB 
(bit L7) of the limit data is loaded completes 
the write opera- 
tion. 


2.2 WRITE 
ALL 
LIMITS 
MODE 


This mode is used to update all memory 
locations 
in the limit 
RAM. An 8-bit limit word is written 
to each memory 
location. 
Note 
that 
there 
are four 
limit words 
for the AOC0851 
and 
sixteen 
limit words 
for the AOC0858. 
To initiate 
the opera- 


tion of the device 
in the 
"write 
all limits" 
mode, 
the mode 
address 
has to be 1 1 01 
(see Table 
I). The data format 
for 


the input word 
is as shown 
below. 


Data Input 
(01) Word-ADC0851 
or ADC0858 


1MlT3(aU·Ul.)-~1 
~15(CH7-Ul)·-.ux:oa5I~1 


-1-' -1-' -I o-'-,-IL-,-IL-,-ll-'-'l-,-IL-,-IL-,-IL-.-IL-71· ..ILOIllll21L31l41lSlL61l71 


~' 
I 
l 
t 
I.IlIT 0 (QIO-LL)-··ADC0a51 
OR AOC0858 


llOlI< 


When writing all limits, memory 
address 
is not required. 
The 


limit data is sequentially 
written 
into the RAM starting 
at the 
location 
for CHO-Lower 
Limit 
and 
ending 
at; CH1-Upper 
Limit for the AOC0851 
(see Table 
lIa), CH7-Upper 
Limit for 


AOC0858 
(see T:able lib). Note 
that 
LO corresponds 
to the 


LSB of the limit data. 


Figure 
4 shows 
the timing 
diagram. 
After ~ 
is brought 
low, 


thll 
input 
word 
(01) is clocked 
in starting 
at the first 
rising 
edge of CLK. The first four bits of Ot configure 
the device 
in 
the 
"write 
all limits" 
mode. 
Next, 
the 
limit 
data 
is serially 


clocked 
in. 
To 
complete 
the 
operation, 
CS 
should 
be 


brought 
high after the data is loaded. 


2.3 READ ONE LIMIT 
MODE 


When the mode address 
is 1 0 1 1, the device 
is configured 
in the 
"read 
one 
limit" 
mode. 
One 8-bit 
limit word 
can be 


read from the RAM memory 
location 
pointed 
to by the limit 


address. 
The 
data 
format 
for the 
input 
word 
is as shown 
below. 


Data Input 
(DI)-ADC0851 
or ADC0858 


1,101,1,"'1_++01 


I 
I' 
t 
I 
WEWORY 
AOORESS 
(TABlE IA 
FOR AOC08S1. TABl£ Ie 
FOR ADC0858) 


----WOllE 


• 


tively. The address data is clocked in with the MSB (bit A3) 
first. 


The timing diagram in Figure 
5 shows that after ~ 
goes 


low, the first four bits of the input word configure the device 
to "read one limit" mode. Next, the address bits select the 
desired memory location. Third clock rising edge after the 
address data's lSB is loaded, the limit data is output with 
the lSB (bit lO) first. 


2.4 READ ALL LIMITS 
MODE 


With a mode address of 1 1 1 1, the device is configured in 
the "read all limits mode". When in this mode, 8-bit limit 
data from each memory location is serially transmitted out. 
The data format for the input word is as follows: 


Data Input (01) Word-ADC0851 
or ADC0858 
1,1,1,1,1 


I 
I 


lIOO[J 


ry location for CHO-lower 
Limit and ending at; CH1-Upper 


Limit for the ADC0851 (see Table lI(a», CH7-Upper 
Limit 


for the ADC0858 (see Table lI(b». 
The timing diagram of Figure 6 shows that the input data is 
loaded starting at the first rising edge of ClK after ~ 
goes 


low. Third clock rising edge after the last bit of the input data 
is loaded, the limit data is serially transmitted out. Four limit 
words are transmitted for the ADC0851; sixteen for the 
ADC0858. Each limit word is output with the lSB (bit lO) 
first. Taking ~ 
high after the MSB of the last limit data is 


transmitted completes the operation. 


,I 
•• 
A2IA,I 
•• ~~A 


DO ----------lRl-STAn: 
I LOI L1I L2I L3I L.I L3I "I 
L7r-- 


3.0 Watchdog 
Mode 
This is the primary real time operating mode. During watch- 
dog operation, the upper and lower limits stored in the RAM 
are applied sequentially to the DAC's digital inputs. The 
DAC's analog output is applied to the comparator input and 
compared against the voltage at the enabled analog input 
pin. The data format for the input word is as shown below. 


Data Input (01) Word-AOC0851 
or AOC0858 
C 


WODE 


I 


----- 
CHANNEl CONFlGURATlON 


TL/H/l1021-37 


The last twelve bits of the input word assign the multiplexer 
channel configuration. 


3.1 SELECTING 
THE CHANNEL 
CONFIGURATION 


When the device is either in the watchdog or automatic AID 
conversion mode, each pair of analog input channels must 
be programmed to determine which channel(s) will be ac- 
tive, and whether they will be operating single-ended or dif- 
ferentially. Table III(a) and (b) show the channel addresses 
for the ADC0851 and the ADC0858 in various channel con- 
figurations. When the channels are configured as single- 
ended inputs, the input voltages are measured with respect 
to the voltage at the COM pin. Applying a DC voltage at the 


COM pin will cause the device to measure the difference 
between the input signal and the voltage at the COM pin. 
The voltage at the COM pin has no effect on an input chan- 
nel that is configured as a differential pair. When the chan- 
nel pairs are configured as differential inputs (I.e., CHO- 
CH1, CH2-CH3, etc.) the differential voltage is compared 
with the limits for the lower numbered channel. For exam- 
ple, the differential voltage CHO-CH1 will be compared with 
the limits for CHO. Note that the channel pairs are pro- 
grammed in groups of three bits. The channel address is 
input to the AID converter with the MSB (bit C11) first. 


The timing diagrams for ADC0851 and ADC0858 watchdog 
operation are shown in Figure 
1. After a ~ 
low is detected, 


the input word (01) is clocked in starting at the first rising 
edge of the serial clock (CLK). Once the least significant bit 
of the channel address is loaded, ~ 
should go high. Taking 
CS high after the proper input word is loaded initiates the 
operation of the device in the watchdog mode. To keep the 
device in continuous watchdog mode, ~ 
should remain 
high for eight or more OSC clock periods for the ADC0851 
and 
thirty-three 
or 
more 
OSC clock 
periods 
for 
the 


ADC0858. If the input signals are within the boundary limits, 
the interrupt pin (INT) remains at logic "1" and the Data 
Ouptut (DO) pin is in TRI-STATE. In addition, in the case of 
the ADC0851, the COMPL and COMPH pins remain at logic 
"1". 


CHANNEL 
ADDRESS 


C2 
Cl 
co 


0 
0 
0 
+ 


0 
0 
+ - 
CIII 
ONLY 


0 
0 
+ 
- 
ClIO ONLY 


0 
+ 
OlffERENTIAL 
ClIO-CHI 
CHO AND 
HI 
DISABLED 
TL/H/l1021-40 


CHANNEL 
ADDRESS 
COWWENTS 
SUBSTITUTE 
CHANNELS 
C2 
CI 
co 
6 AND 7 INTO 
TABLE 
0 
0 
+ 
+ 
SINGLE-ENDED 
SUBSTITUTE 
CIIANNELS 
0 
+ - 
CIII 
ONLY 
4 AND 5 INTO 
TABLE 
0 
0 
+ 
- 
ClIO ONLY 
SUBSTITUTE 
CHANNELS 
0 
+ 
DIffERENTIAL 


X = OON'T CARE 
2 AND 5 INTO 
ClIO-CHI 


TABLE 
X 
X 
ClIO AND CHI 
DISABLED 
TL/H/ll021-41 
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3.0 Watchdog 
Mode 
(Continued) 


The device 
will read the new input word and configure 
to a 
TABLE 
IVb. Channel 
Tag Address 


different 
mode 
if ~ 
is high for 
less 
than 
eight 
oscillator 
and Status 
(ADC0858) 


clock 
periods 
for the ADC0851 
and less than thirty-two 
os- 
Tag 
Tag Address 
Corresponding 
Limit 
cillator 
clock 
periods 
for the ADC0858. 


Once 
a boundary 
limit is crossed, 
INT goes low. Moreover, 


II 
T3 
T2 
T1 
TO 
and Channel 


for AOC0851, 
COMPL 
goes 
low if a lower 
limit is crossed, 
0 
0 
0 
0 
0 
Lower Limit-CHO 
whereas 
COMPH 
goes low if an upper 
limit is crossed. 
If the 


input 
signals 
exceed 
both 
the 
upper 
and 
lower 
boundary 
1 
0 
0 
0 
1 
Upper Limit-CHO 


limits then 
both COMPL 
and COMPH 
would 
go low. 
2 
0 
0 
1 
0 
Lower Limit-CH1 
To output 
data 
after 
a limit crossing 
occurs 
(I.e., after 
INT 
3 
0 
0 
1 
1 
Upper Limit-CH1 
goes 
low), 
~ 
should 
be 
brought 
low. 
Note 
that 
INT, 
COMPL 
and 
COM PH 
would 
remain 
low 
as 
long 
as ~ 
4 
0 
1 
0 
0 
Lower Limit-CH2 
doesn't 
go 
low. 
After 
~ 
goes 
low 
INT, 
COMPL 
and 
5 
0 
1 
0 
1 
Upper Limit-CH2 
COMPH 
go high 
and 
one 
clock 
cycle 
later 
output 
data 
is 


transmitted 
starting 
at the first rising edge of CLK, however, 
6 
0 
1 
1 
0 
Lower Limit-CH3 
the data is valid at the falling 
edge of CLK (Figure 7). 


Upper Limit-CH3 
7 
0 
1 
1 
1 


3.2 LIMIT 
CROSSING 
DETECTION 


When 
the AOC0851 /8 is configured 
in the watchdog 
mode, 
8 
1 
0 
0 
0 
Lower Limit-CH4 


the device 
operates 
as a window 
comparator. 
First the low- 
9 
1 
0 
0 
1 
Upper Limit-CH4 
er window 
limit 
(stored 
in the 
RAM) 
for CHO is compared 
10 
1 
0 
1 
0 
Lower Limit-CH5 
against 
the 
input 
voltage 
at CHO. If the 
input 
voltage 
is 


greater 
than 
the lower 
limit, then 
no interrupt 
is generated. 
11 
1 
0 
1 
1 
Upper Limit-CH5 
Next 
the 
upper 
window 
limit for CHO is compared 
against 


12 
1 
1 
0 
0 
Lower Limit-CH6 
CHO input voltage. 
If the input voltage 
is less than the upper 


window 
limit then 
no interrupt 
is generated 
for CHO and the 
13 
1 
1 
0 
1 
Upper Limit-CH6 
device 
starts 
a similar 
comparison 
cycle 
for the next chan- 


0 
Lower Limit-CH7 
nel (CH1). 
Note that the lower 
limit can be greater 
than the 
14 
1 
1 
1 


upper 
limit; in this case the device 
will flag the microproces- 
15 
1 
1 
1 
1 
Upper Limit-CH7 
sor if the input signal falls inside a window. 


TABLE 
IVa. Channel 
Tag Address 
STATUS 
and Status 
(ADC0851) 


Tag 
Tag Address 
Corresponding 
limit 


51S15U 
5131512151115101591581571561 
5s1 
541 
53 I521 
511 
50 1 
- 


POWERrAL (p) 
II 
T3 
T2 
T1 
TO 
and Channel 
REMAINING15 BITS REf1.ECT 
RESULTSor SUCCEEDINGTESTS 
P 
rAil 
(?) 
0 
0 
0 
0 
0 
Lower Limit-CHO 
- 
FIRSTrAilED L1WIT 
0 
NO 


1 
0 
0 
0 
1 
Upper Limit-CHO 


(ADDRESSor 
UWIT IN CHANNELTAG REGISTER) 
1 
YE5 


2 
0 
0 
1 
0 
Lower Limit-CH1 
Tl/H/11021-44 


3 
0 
0 
1 
1 
Upper Limit-CH1 
Each comparison 
takes 2 /-'s; thus a total of 4 /-'S is required 


per channel. 


STATU5 
POWER rAIL (P) 
When 
in watchdog 
mode, the device 
will continuously 
cycle 
through 
the input channels 
until an input that has crossed 
its 
IS3 1 S2 
511 
so I 
P 
rAIL 
(?) 
preset 
window 
limit is detected. 
When 
this occurs, 
a logical 


~ 
0 
NO 
"1" 
is stored 
in the MSB (bit S3 for ADC0851 
and S15 for 


RElIAlNING 3 8ITS REFLECT 
ADC0858) 
position 
of the status 
register. 
In addition 
the tag 


RESULTS or 
SUCCEEDINGTESTS 
1 
YES 
register 
is updated 
with the channel's 
address 
(see Tables 


IV(a) and (b) for ADC0851 
and ADC0858 
respectively). 
Note 
'--- 
rlRST rAILED LIWIT 
that the tag address 
indicates 
which 
channel 
crossed 
which 
(ADDRESS or 
LIWIT IN CHANNEL TAG REGISTER) 


TL/H/11021-43 
limit. Once 
the tag register 
is updated 
after the first limit is 


; 
crossed, 
the 
device 
will 
once 
more 
cycle 
through 
the 
re- 


maining 
channels 
and compare 
the 
input 
voltages 
against 


3.0 Watchdog 
Mode 
(Continued) 


their respective window limits. A logical "1" will be placed in 
the appropriate location of the status register for each limit 
that is crossed as the device cycles through the remaining 
channels. Note that the tag register is updated only once 
i.e., when the first limit is exceeded. After the last limit com- 
parison is made subsequent to the first limit crossing, the 
device will cease any further limit comparisons and will 
cause the interrupt pin to go low. Taking CS low causes the 
data in the status and tag registers to be transmitted along 
with the programmed channel configuration information. In 
addition, an extra bit, P, is inserted between the channel 
and status information. This bit is updated to a logic "1" in 
case of a power interruption. 
The format for the output data is as shown below. 


Data Output 
(DO) Word-ADC0851 


~------CH"NNEl 
CONrlCURATIOH 


I 


pow" INTERRUPT --.l 
I 
I I 


TAG 
---- 
STATUS 
------ 


TLiH/11021-46 


Data Output 
(DO) Word-ADC0858 


~----CHANNEL 
CONF'IGURAT'ION 
I 
I 


~"'~"'El 
I 
I 
POWER 
INTERRUPT --.l 
I 
I 


TAG ---~ 
STATUS 
---- 


TL/H/11021-47 


The order in which 
data is transmitted 
is as follows 
(ADC0851 or ADC0858): 


• Tags (4 bits)-MSB 
(T3) first 


• Channel configuration (12 bits)-MSB 
(C11) first 


• Power interrupt (1 bit) 
• Status (4 bits for ADC0851, 16 bits for ADC0858)-MSB 


(S3/S 15) first 


It is important to note that any channel that is disabled will 
not cause an interrupt. Furthermore, when operated in the 
differential mode, the arithmetic difference of the two volt- 
ages will be compared with the lower and upper limits for 
the lower numbered channel. For example, with CHO and 
CH1 operating as a differential input pair, the CHOlimits will 
apply. 


Consider an example where the lower limit of CH1 is 
crossed first and while the remaining limits are being 
checked, the upper limit of CHO is crossed. Figure 8 Illus- 
trates the sequence of events for the ADC0851. During 
watchdog operation, CHO's lower limit stored in the RAM is 
compared against the input voltage at CHO.Since no limit 
crossing is detected, the upper limit is compared against 
CHOinput voltage. Again no limit crossing is detected and 
so CH1's lower limit is next compared against the CH1 input 
voltage. This time a limit crossing is detected and a logic 
"1" is now stored in the MSB (S3) position of the status 
register (see Table IV(a)). Also the Tag register is updated 
with the corresponding address (0 0 1 0) from Table IV(a). 
The device now cycles through the remaining channels 
once more. Since no limit crossing is detected for the upper 
limit of CH1, a logic "0" is stored for S2 of the status regis- 
ter. Similarly a logic "0" is stored for Sl of the status regis- 
ter. Finally to complete the cycle, the last limit (upper limit of 
CHO) is checked and a limit crossing is detected. Conse- 
quently, a logic "1" is stored for SO.Note that the Tag regis- 


ter is only updated once when the first limit crossing is de- 
tected thus indicating which channel first exceeded its lower 
or upper limit. 


::cr 
-- 
--i-? : : 
UPPER 
uwrr 
(UlD) 


I 
, 
, 
, 
LOWER 
lIWIT (llO) 


----------UPPER 
LUIlIT 
(ULl) 
VIM 
I' 
I 
I 
I 
r 


CHI 
:=J::..,;, 
: 
: 
: k 
LOWER LIMIT (lL1) 
~:~I 


FIRST 
ultlrr 
CROSSING...t 
L SUBSEQUENT 
LUlI1lT 
CROSSING 


DETECITO 
DETECTEO 
DURING 
CYCLE 
THROUGH 


TL/H/ll021-45 


(Example: 
Lower 
limit of CH 1 is crossed 
first. During 
cycle through, 
upper 


limit of CHO is crossed) 
FIGURE 
8. Example 
of Limit Crossing 


Detection 
(ADC0851) 


Assuming that there is no power interruption and that the 
ADC0851 was configured for single ended operation, the 
output word for our example would be: 
(Example of ADC0851 Data Output. Single ended input. 
Lower limit of CH1 fails first. During cycle through, upper 
Iimit-CHO failure is detected). 


~ 
... ~ 


T3T2T1 
TOC11 Cl0C9C8C7 
C1 COPS3S2S1 
SO 


x = Don't care, whatever 
bit was initially programmed 
(ADC0851 
only). 


The ADC0858 operates similar to the ADC0851 except that 
the ADC0858 has a 16-bit status word for the sixteen limits 
and sixteen tag addresses (See Table IV(b)). The output 
word transmitted to the microprocessor not only contains 
information as to how the channels are configured but also 
which input crossed which limit. If desired, the microproces- 
sor can go through a status bit normalization routine to nor- 
malize the status information with the tag number as will be 
discussed next. 


3.3 STATUS 
BIT NORMALIZATION 


Figure 9 shows the procedure for normalizing the status in- 
formation. Let's consider the example cited earlier for the 
ADC0851. In our example, the lower limit of CH1 was 
crossed first and during cycle-through, upper Iimit-CHO 
crossing was detected. The serial status data is thus 1 00 1 
and the tag data 001 
0 corresponds to tag #2 (see Table 
IVa). Since the most significant bit (S3) of the status data is 
transmitted first, the data stored in the microprocessor's 
memory is 1 0 0 1. The microprocessor next computes the 
tag number from the tag data and rotates the status bits left 
"TAG" places as in Figure 9. For our example, the status 
bits are rotated by shifting left 2 places. The status informa- 
tion in the microprocessor's memory is now normalized i.e., 
UOcorresponds to tag 0, U1 corresponds to tag 1 and so 
on. From the example in Figure 9 we can see that the status 
register in the microprocessor's memory shows that tag 2 
and tag 1 failed. The ADC0858 uses a 16-bit status word 
and operates similar to the ADC0851. An example shown in 
Figure 9 for the ADC0858 demonstrates how status bit nor- 
malization is carried out. 
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4.0 AID Conversion Modes 


The 
ADC0851/8 
can 
be 
used 
in 
two 
AID 
conversion 


modes. 
In "One 
AID 
conversion" 
mode, 
the device 
oper- 


ates as a multiplexed 
AID 
converter 
and a conversion 
may 


be initiated 
on any channel 
or channel 
pair configured 
in the 


differential 
mode. 
In the "Automatic 
AID 
conversion" 
mode, 
an AID 
conversion 
is done on a channel 
or channel 
pair and 


after 
the 
output 
data 
is transmitted, 
conversion 
begins 
on 


the next subsequent 
channel 
or channel 
pair. This process 


will 
continue 
unless 
the 
device's 
mode 
of 
operation 
is 


changed. 


Note 
that 
the 
AID 
conversion 
time 
is determined 
by the 


oscillator 
clock 
period 
and 
has no relation 
with the 
digital 


clock 
signal, 
CLK. The oscillator 
clock's 
frequency 
is set by 


connecting 
a resistor 
from the OSC pin (pin 2 for ADC0851 


or ADC0858) 
to Vcc 
and a capacitor 
from 
the OSC pin to 


ground. 
The conversion 
time of the AID 
converter 
is eigh- 


teen OSC clock 
periods 
maximum. 
Assuming 
that the oscil- 


lation clock 
frequency 
is set at 1 MHz (with Rext = 3.16 kO 


and 
Cext = 170 
pF) 
then 
the 
conversion 
time 
would 
be 


18 ,.s maximum. 


4.1 ONE AID 
CONVERSION 
MODE 


This mode is used to initiate one AID 
conversion 
on a single 


channel 
or channel 
pair configured 
in the differential 
mode. 
The necessary 
mode 
address 
as per Table 
I is 1 0 1 O. The 


format 
for the input word 
is as follows: 


Data Inpu1 (01) word-ADC0851 
or ADC0858. 


~ 
I 
I 
I 


[ 
LCHANNEL 
INFORMATION 


WODE 


TLIH/11021-49 


The 
4-bit 
data 
following 
the 
mode 
address 
is the channel 


information 
address. 
These 
four bits assign the MUX config- 


uration 
for the single AID 
conversion. 
The channel 
informa- 


tion 
addresses 
and 
the 
corresonding 
MUX 
configurations 


are shown 
in Table VIa) and (b) for ADC0851 
and ADC0858 


respectively. 
Note that the ADC0851 
only decodes 
the two 


LSBs of the channel 
information 
data while ignoring 
the two 


MSBs 
(13 and 12). When 
a channel 
pair is configured 
in the 


differential 
mode, 
it is important 
to note 
that the arithmetic 


difference 
of the channel 
voltages 
should 
not be negative. 


Negative 
difference 
voltage 
would 
result in all zeroes 
at the 


output. 


TABLE 
VIa). Channel 
Information 
for 


One AID 
Conversion 
(ADC0851) 


Channel 
Information 
Channels 
Enabled 


13 
12 
11 
10 


X 
X 
0 
0 
CHO 


X 
X 
0 
1 
CHO-CH1 


X 
X 
1 
0 
CH1 


X 
X 
1 
1 
Invalid 
• 


TABLE 
V(b). Channel 
Information 
for One ~/D 
Conversion 
(ADC08511) 


Channel 
Information 
Channels 
Enabled 


13 
12 
11 
10 


0 
0 
0 
0 
CHO 


0 
0 
1 
CHO-CH1 
, 
0 


0 
0 
1 
0 
CH1 
~ 


0 
0 
1 
1 
Invalid 


0 
1 
0 
0 
CH2 


0 
1 
0 
1 
CH2-CH3 


0 
1 
1 
0 
CH3 
. 


0 
1 
1 
1 
Invalid 


1 
0 
0 
0 
CH4 


1 
0 
0 
1 
CH4-CH5 


1 
0 
1 
0 
CH5 


1 
0 
1 
1 
Invalid 


1 
1 
0 
0 
CH6 


1 
1 
0 
1 
CH6-CH7 


1 
1 
1 
0 
CH7 


1 
1 
1 
1 
Invalid 


The timing diagram 
for one AID 
conversion 
is shown 
in Fig- 


ure fa. After CS goes 
low, the input word 
(DI) is clocked 
in 


starting 
at the 
first 
rising 
edge 
of the 
digital 
clock 
signal, 
CLK. The first four bits of the input word 
configure 
the de- 


vice 
for 
"one 
AlC)conversion" 
mode 
while 
the 
following 


four bits (channel 
information 
address) 
assign the configura- 


tion of the MUX as per Table 
VIa) and (b) for the ADC0851 


and the ADC0858 
respectively. 
Any input data following 
the 


channel 
information 
address 
is ignored 
until 
the 
device's 


mode 
of operation 
is changed. 


Taking 
CS high after the last bit of the channel 
information 


address 
loads the input word. Had CS been kept low longer, 


the 
following 
bilS of the 
input 
word 
would 
have 
been 
ig- 


nored. The device takes one to two OSC clock 
periods 
after 


CS goes 
high to initiate 
the 
start 
of AID 
conversion. 
The 


EOC output 
goes low, thus signalling 
the start of the conver- 


sion process. 
After a maximum 
of eighteen 
OSC clock 
peri- 


ods, 
conversion 
is completed 
and 
EOC output 
goes 
high, 


thus 
signalling 
the 
end 
of conversion. 
The 
output 
data 
is 


now available 
and .will be transmitted 
only if CS is brought 


low. The output 
data is transmitted 
starting 
at the first rising 


edge of CLK after CS goes low. 


The format 
for the output 
word 
is as shown 
below. 


Data Output 
(DO)-ADC0851 
or ADC0858 


CHANNEL 
INFORIolATION 
~ 


I 


TL/H/ll021-50 


The first eight 
bits of the output 
word 
represent 
the digital 
equivalent 
of the input voltage. 
Bits 13through 
10provide 
the 
channel 
configuration 
information 
as per Table 
VIa) and (b) 
for ADC0851 
and ADC0858 
respectively. 
Note 
that this in- 
formation 
is the same as the channel 
information 
in the in- 


put word. The order 
in which 
the output 
data is transmitted 
is as follows: 


• 
Data-LSB 
(DO) first 


• 
Channel 
information-MSB 
(13) first 


Note 
that 
the output 
will be TRI-STATE 
if CS remains 
low 
after 
10 is transmitted. 
Taking CS high after the output 
data 
is transmitted 
causes 
the device 
to initiate 
the start 
of the 
next AID 
conversion 
on the same 
input while 
ignoring 
the 
data input word 
(DI). If the duration 
for which CS is high is 
less than seventeen 
OSC clock 
periods, 
the conversion 
pro- 
cess will be interrupted 
and the device will look for the mode 
address 
at the falling edge of CS so as to configure 
to a new 
mode 
of operation. 
However, 
if CS is high for eighteen 
or 


more OSC clock 
periods 
then the conversion 
operation 
will 
continue 
from point A on the timing 
diagram 
(Figure 
fa). 


To ensure 
repetitive 
AID 
conversion 
on the same input, CS 
going 
low 
should 
be 
synchronized 
with 
EOC 
going 
high. 


Thus after EOC goes high, the conversion 
is completed 
and 
CS can go low to transmit 
the output 
data. Meanwhile, 
if CS 
goes 
low while 
EOC is low then 
the conversion 
process 
is 
interrupted 
and 
the 
device 
is readied 
for a new 
mode 
of 
operation. 
, 


4.2 AUTO 
AID 
CONVERSION 
MODE 


When used in this mode, the ADC0851 18 offers 
added 
flexi- 
bility 
that 
many 
multiplexed 
AID 
converters 
don't. 
In the 
auto AID conversion 
mode, the ADC085118 
scans 
through 
the selected 
input channels, 
performing 
AID 
conversion 
on 
each 
channel 
without 
the 
need 
for 
reloading 
a new 
data 
input word 
each 
time. 
From Table 
I, the mode 
address 
for 
the "Auto 
AID 
Conversion" 
mode 
is 1 1 1 O. 


The format 
for the input word is as foll?ws: 


Data Input 
(01) Word-ADC0851 
or ADC0858 
C 


MODE 


I 


4.0 AID Conversion 
Modes 
(Continued) 


The 12-bit channel address following the mode address as- 
signs the MUX configuration as per Table III(a) and (b) for 
ADC0851 
and 
ADC0858 
respectively. 
Note 
that 
the 


ADC0851 only decodes the three lSBs (CO,C1 and C2) of 
the channel address. 
The timing diagram for "Auto AID 
Conversion" mode is 


shown in Figure 
11.The input word is loaded starting at the 


first rising edge of the ClK after cg goes low. The first four 
bits configure the device for the "Auto AID 
Conversion" 


mode while the 12-bit channel address assigns the configu- 
ration of each channel pair. If CS remains low after CO is 
loaded then any subsequent input data is ignored. Taking 
cg high after the input word is loaded initiates the start of 
AID 
conversion. AID 
conversion starts one to two OSC 


clock periods after cg goes high. The EOC output goes low 
to signal the start of an AID 
conversion. The conversion 


time may range from 17 fJosto 74 fJosdepending on how 


the channel pairs are configured. The EOC output goes high 
at the end of conversion thus signalling that the result of the 
AID conversion can now be retrieved. The output data will 
be transmitted only if cg goes low and is transmitted start- 
ing at the first rising edge of ClK signal after cg goes low. 
The format for the output word is as follows: 


Data Output (DO}-ADC0851 
or ADC0858 


CH •••NNEL 
INfOR •••••TION ~ 


I 


• 


:"-'-TCCIf¥-17 
'" II OS(a.oc:a: tTCUS 
~, 
~~ 
~~~~~---- 
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:-=:~Eu 


""" 
. 
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~1111- 


IV 
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ble V(a) and (b) for ADC0851 and ADC0858 respectively. 


Keeping CS low after 10is transmitted causes the output to 
be TRI-STATE. Once the output data is transmitted, CS may 
go high to initiate the start of the next AID conversion. The 
subsequent AID conversion starts on the next channel pair 
that is configured as per the initially loaded input word (Fig- 
ure 11). Any data on the data input (DI) line is ignored. Note 
that if the duration for which CS is high is less than seven- 
teen OSC clock periods then the conversion process would 
be interrupted and the device would look for the mode ad- 
dress at the falling edge of CS so that a new mode of opera- 
tion can be configured. 
To ensure proper operation in the "Auto AID Conversion" 
mode, CS going low should be synchronized with EOC go- 
ing high. Thus after EOC goes high, the conversion is com- 
pleted and CS can go low to transmit the output data. After 
the output data is transmitted, CS should go high to initiate 
automatic AID conversion on the next channel pair and re- 
main high until the conversion is completed and EOC goes 
high. Meanwhile, if CS goes low while EOC is low then the 
conversion process is interrupted and the device is readied 
for a new mode of operation. 


5.0 Test Mode 
A mode address of 1 1 0 0 configures the device in the test 
mode. This mode is used to test the internal operation of the 
device at the factory and is not recommended for normal 
use. If the device is accidentally configured in the test mode 
then the power supply must be disconnected and recon- 
nected again to reset the device. 


6.0 Bidirectional 
I/O 


If the microprocessor has bidirectional InputlOutput capa- 
bility then ADC0851/8's input and output pins can be tied 
together and a single wire can be used to serially input data 
to or output data from ADC085118. This capability is made 
possible because when the input word is clocked in, the 
output pin is in TRI-STATE and when the output word is 
clocked out, the data at the input pin is ignored. 


II. Analog Considerations 


1.0 A/D Conversion 
Time 


The AID conversion time is a function of the OSC clock 
frequency. The oscillator frequency is set by connecting an 
external resistor, Rext from the ADC0851/8's OSC pin to 
Vee and an external capacitor, Cext from the OSC pin to 
ground. With Rext = 3.16 kn and Cext = 170 pF, the OSC 
frequency is 1 MHz at Vee = 4.5V and 1.05 MHz at Vee = 
5.5V. 


The OSC frequency will vary as the ambient temperature 
varies, this is shown by the Typical Performance Character- 
istics curve, "OSC Frequency vs Temperature". For a speci- 
fied external resistor, the OSC frequency can be changed 
by varying the external capacitor as is shown by the Typical 
Performance Characteristics curve, "OSC Frequency vs 
Rext and Cext". Note that the OSC pin of the ADC085118 
should not be driven by an external clock as this might 


2.0 The Reference 
The magnitUde of the reference voltage (VREF)applied to 
the AID converter determines the analog input voltage span 
(Le., the difference between VIN(max)and VIN(Min) over 
which the 256 possible output codes apply. The reference 
voltage source connected to the VREFpin of ADC085118 
must be capable of driving a minimum load of 4 kn. 
The ADC085118 can be used in either ratiometric applica- 
tions or in systems requiring absolute accuracy. In a ratio- 
metric system, the analog input voltage is proportional to 
the voltage used for the AID's reference. This voltage is 
usually the system power supply, so the VREFpin can be 
tied to Vee. 
For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin must be 
connected to a voltage source that is stable over time and 
temperature. The LM385 and LM336 micropower refer- 
ences are good low current devices for use with these AID 
converters. 


The maximum value of the reference voltage is limited by 
the AID converter's power supply voltage, Vee. The mini- 
mum value, however, can be as low as 1V while maintaining 
a typical Integral Linearity of ± 1 LSB (see Typical Perform- 
ance Characteristics curve, "Linearity Error vs Reference 
voltage"). This allows direct conversion of transducer out- 
puts that provide less than a 5V output span. Due to the 
increased sensitivity of the AID converter at low reference 
voltages (e.g., 1 LSB = 3.9 mV for a 1V full scale range), 
care must be exercised with regard to noise pickup, circuit 
layout, and system error voltage sources. 


3.0 The Analog Inputs 


3.1 REDUCING 
COMMON 
MODE ERROR 
Rejection of common mode noise can be achieved by con- 
figuring the ADC0851/8's 
inputs in the differential mode 


since the offending common mode signal is common to 
both the selected "+" and "-" 
inputs. The time interval 


between sampling the "+" input and the "-" 
input is one 


oscillator clock period. A change in the common-mode volt- 
age during this short time interval can cause conversion er- 
rors. For a sinusoidal common-mode signal this error is: 


Verro,(Max)= VPEAK(27TfeM)(1Ifoscl 


where feM is the frequency of the common-mode signal, 
VPEAKis the signal's peak voltage and fose is the AID 
converter's OSC clock frequency. 


For a 60 Hz common-mode signal to generate a 'I. LSB 
error (::::5 mV for a 5V full scale range) with the converter 
running at fose = 250 kHz, its peak voltage would have to 
be 3.3V. 


3.2 SOURCE 
RESISTANCE 


For a source resistance under 2 kn, the ADC085118's total 
unadjusted error is typically ±0.2 LSB at VREF= 4.75Vand 
fose 
s: 1 MHz (see Typical Performance Characteristics 


curves, "Total Unadjusted Error vs Source Impedance"). 
One source of error is the multiplexer's leakage current of 
3 ",A which contributes a 3 mV drop across a 1 kn source 


3.0 The Analog Inputs (Continued) 


resistance. Another source of error is the sampling nature of 
the AID converter. Short spikes of current enter the" +.. 
input and exit the ••-" 
input at the rising and falling tran- 
sition of the OSC clock. These currents decay rapidly and 
generally do not cause errors since the internal comparator 
is strobed at the end of a clock period. If large source resist- 
ances are used however, then the transients caused by the 
current spikes may not settle completely before conversion 
begins. If a capacitor is used at the input of the AID convert- 
er for input filtering then the input signal source resistance 
should be kept at 1 kfi or less. 


3.3 ANALOG 
INPUT 
PROTECTION 


Often the analog inputs of AID converters are driven from 
voltage sources that can swing higher than Vcc or lower 
than GND. Analog inputs often come from op amps which 
use ± 15V supplies. While during normal operation the input 
voltages stay within the OV-5V AID converter supply volt- 
age range, at power up the input voltage may actually rise 
above or fall below the AID converter's supply voltages. If 
the input voltage to any AID converter input pin does fall 
outside the supply voltage by more than 0.3V (worst case) 
and the input draws more than 5 mA then there is a good 
possibility that the converter may latch up and provide a low 
impedance short between VCCand GND. 


Figure 
13 shows the overvoltage protection circuit for the 


analog input. If, for instance, the amplifier's output saturates 
to its positive supply rail, then the junction of R1 and R2 
would be clamped to Vcc plus a diode drop. Resistor R1 
limits the op amp's output current and R2 limits the current 
flowing into the input of the AID converter. Likewise. the 
junction of R1 and R2 would be clamped to a diode drop 
below ground if the op amp's output saturates to the nega- 
tive rail. 


4.0 Zero Scale and Full Scale 
Adjustment 


4.1 ZERO SCALE 
ERROR 


The zero scale error of the AID converter does not require 
adjustment. If the minimum analog input voltage value, 
V,N(Min),is not at ground potential then a zero offset can be 
done. The converter can be made to output 0000 0000 digi- 
tal code for this minimum input voltage by biasing the VIN(_) 


VREF 


ADC0851!18 


OSC 


DGNO 
iNT 


input of a differential input pair at this VIN(Min)value. This 
utilizes the differential mode operation of tha AID converter. 
The zero scale error of the AID 
converter relates to the 


location of the first riser of the transfer function and can be 
measured by grounding the VIN(-) 
input and applying a 


small magnitude positive voltage to the VIN(+) input. Zero 
error is the difference between the actual DC input voltage 
(the ideal '12 LSB value, '12 LSB = 9.8 mV for VREF= 5.000 
VDel and the applied input voltage that causes an output 
digital code transition from 0000 0000 to 0000 0001. 


4.2 FULL SCALE 
ADJUSTMENT 
The full-scale adjustment can be made by applying an input 
voltage that is 1.5 LSB less than the desired analog full- 
scale voltage and then adjusting the magnitude of the VREF 
input voltage for a digital output code that just changes from 
11111110 to 11111111. 


4.3 ADJUSTING 
FOR AN ARBITRARY 
ANALOG 
INPUT VOLTAGE 
RANGE 


Analog input voltages that span from a positive non-zero 
minimum value can 
easily 
be accommodated 
by the 


ADC085118. In this case, the AID converter is used in the 
differential mode and a reference voltage equal to VIN(Min) 
is applied to the VIN(-) input. Normally zero scale adjust- 
ment is not required because the zero scale error is very 
small. However, if zero scale adjustment is desired then a 
voltage equal to VIN(Min)plus '12 LSB (where 1 LSB = Input 
voltage span/256) 
should be applied to VIN(+) and the ref- 


erence voltage at VIN(-) should be adjusted such that the 
output code just changes from 0000 0000 to 0000 0001. 
Once the proper reference voltage is applied to the VIN(-) 
input then full scale adjustment can be made. Full scale 
adjustment is made by first applying a voltage to the VIN(+ ) 
input that is 1.5 LSB less than VIN(Max)i.e.; 


VIN(+) FSADJ = VMax- 
1.5 [(VMax- VMin)/256] 


where, VMax= the high end of the analog input voltage 


range 


VMin = the low end of the analog input voltage 


range 


The reference voltage. VREFapplied to the reference input 
pin of the AID converter is adjusted so that the output code 
just changes from 1111 1110 to 1111 1111. This completes 
the adjustment procedure. 
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13. Over Voltage 
Protection 
of the Analog 
Inputs 
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LM12434/LM 12{L} 438 12-Bit + Sign Data Acquisition 
System with Serial I/O and Self-Calibration 
General Description 


The LM12434 
and LM12(L}438 
are highly 
integrated 
Data 


Acquisition 
Systems. 
Operating 
on 3V to 5V, they combine 
a 


fully-differential 
self-calibrating 
(correcting 
linearity 
and zero 


errors) 
13-bit 
(12·bit 
+ 
sign) 
analog-to-digital 
converter 


(ADC) 
and 
sample-and-hold 
(S/H) 
with 
extensive 
analog 


and digital 
functionality. 
Up to 32 consecutive 
conversions, 
using two's 
complement 
format, 
can be stored 
in an internal 
32·word 
(16·bit 
wide) 
FIFO data 
buffer. 
An internal 
8-word 


instruction 
RAM can store 
the conversion 
sequence 
for up 


to eight 
acquisitions 
through 
the LM12{L}438's 
eight-input 
multiplexer. 
The LM12434 
has a four-channel 
multiplexer, 
a 


differential 
multiplexer 
output, 
and a differential 
S/H 
input. 


The LM12434 
and LM12lL}438 
can also operate 
with 8-bit 


+ sign 
resolution 
and 
in a supervisory 
"watchdog" 
mode 


that 
compares 
an input 
signal 
against 
two 
programmable 


limits. 


Acquisition 
times 
and 
conversion 
rates 
are programmable 


through 
the use of internal 
clock-driven 
timers. The differen- 
tial reference 
voltage 
inputs can be externally 
driven for ab- 
solute 
or ratiometric 
operation. 


All registers, 
RAM, and FIFO are directly 
accessible 
through 


the 
high 
speed 
and 
flexible 
serial 
I/O 
interface 
bus. The 


serial 
interface 
bus is user selectable 
to interface 
with the 


following 
protocols 
with 
zero 
glue 
logic: 
MICROWIRE/ 


PLUSTM, Motorola's 
SPI/QSPI, 
Hitachi's 
SCI, 8051 Family's 


Serial 
Port 
(Mode 
0), 
12C and the TMS320 
Family's 
Serial 


Port. 


An 
evaluation 
kit 
for 
demonstrating 
the 
LM12434 
and 


LM12{L}438 
is available. 


Key Specifications 
fClK = 8 MHz 
lL, fClK 
= 6 MHz} 


• 
Resolution 
12-bit + sign or 8-bit + sign 


• 
13-bit conversion 
time 
5.5 J.Ls(7.3 J.Ls} (max) 


• 
9-bit conversion 
time 
2.6 J.Ls(3.5 J.Ls} (max) 


• 
13-bit Through-put 
rate 
140k samples/ 
s {1 05k sample/ 
s} (min) 


• 
Comparison 
time ("watchdog" 
mode) 
1.4 J.Ls{1.8 J.Ls} (max) 


10 MHz 
{6 MHz} 
(max) 
±1 
LSB (max) 


GND to VA+ 


45 mW 
(20 mW} 
(max) 


• 
Serial 
Clock 


• 
Integral 
Linearity 
Error 


• 
VIN range 
• 
Power 
dissipation 
• 
Stand-by 
mode 
power 
dissipation 
• 
Supply 
voltage 
LM12L438 
LM12434/8 


25 J.LW {16.5 
J.LW} (typ) 
3.3V 
±10% 
5V ±10% 


Features 
• 
Three 
operating 
modes: 
12-bit 
+ 
sign, 
8-bit 
+ 
sign, 


and "watchdog" 
comparison 
mode 
• 
Single-ended 
or differential 
inputs 
• 
Built-in 
Sample-and-Hold 
• 
Instruction 
RAM and event 
sequencer 
• 
8-channel 
(LM12(L}438) 
or 4-channel 
(LM12434) 


multiplexer 
• 
32-word 
conversion 
FIFO 
• 
Programmable 
acquisition 
times 
and conversion 
rates 


• 
Self-calibration 
and diagnostic 
mode 
• 
Power 
down 
output 
for system 
power 
management 


• 
Read 
while 
convert 
capability 
for maximum 
through-put 


rate 
Applications 


• 
Data Logging 
• 
Portable 
Instrumentation 
• 
Process 
Control 
• 
Energy 
Management 
• 
Robotics 
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S/H 
IN+ 


S/H IN- 


MUXOUT+ 


MUXOUT- 


Vo+ 
DGND 
! ! 


FULLY-DIFHRENTlAL, 
SELF -CALIBRATING, 


VARIABLE 
RESOLUTION 
12-BIT 
+ SIGN 


ANALOG-TO-DIGITAL 
CONVERTER 


V/ 
AGND 
! ! 


SYNC 


CLK 


INTERRUPT 


CONTROL 


LOGIC 


INTERRUPT 


ENABLE 


REGISTER 


LIMIT 
AND 


INTERRUPT 
STATUS 


REGISTER 


INTERFACE 
MODESELl 
MODESEL2 
Pl 
P2 
P3 
P4 
P5 


Standard 
0 
1 
RtF 
CS 
DI 
DO 
SClK 


8051 
0 
0 
l' 
l' 
CS 
RXD 
TXD 


12C 
1 
0 
SA DO 
SADl 
SAD2 
SDA 
SCl 


TMS320 
1 
1 
FSR 
FSX 
DX 
DR 
SClK 


Part Number 
Package 
Type 
NSC Package 
Number 
Temperature 
Range 


lM12434CIV 
28-Pin PlCC 
V28A 
-40'Cto 
+ 85'C 


lM12434CIWM 
28-Pin Wide Body SO 
M28B 
- 40'C to + 85'C 


FULLY-DIFFERENTIAL, 
SELF-CALIBRATING, 


VARIABLE 
RESOLUTION 
12-BIT 
+ SIGN 


ANALOG- 
TO-DIGITAL 
CONVERTER 


INTERRUPT 


CONTROL 


LOGIC 


INTERRUPT 


ENABLE 


REGISTER 


LIMIT 
AND 


INTERRUPT 
STATUS 


REGISTER 


INTERFACE 
MODESELl 
MODESEL2 
Pl 
P2 
P3 
P4 
PS 


Standard 
0 
1 
~/F 
'CS 
01 
DO 
SCLK 


8051 
0 
0 
l' 
1* 
'CS 
RXO 
TXO 


12C 
1 
0 
SADO 
SA01 
SA02 
SOA 
SCL 


TMS320 
1 
1 
FSR 
FSX 
OX 
OR 
SCLK 


Part Number 
Package 
Type 
NSC Package 
Number 
Temperature 
Range 


LM12438CIV 
28-Pin PLCC 
V28A 
- 40"C to + 85*C 


LM12L438CIV 


LM12438CIWM 
28-Pin Wide Body SO 
M28B 
- 40"C to + 85*C 


LM12L438CIWM 


LM12438 
Eval 
Evaluation 
Board and Windows~ 
based software 


2.0 Electrical Specifications 


2.1 RATINGS 
2.1.2 Operating Ratings (Notes 1 & 2) 


2.1.1 Absolute Maximum Ratings (Notes 1 & 2) 
Temperature Range 
(Tmin,;; TA ,;; Tmax) 


LM12434CIV/LM12! L)438CIV 
-40'C';; 
TA ,;; 85'C 
If Military/Aerospace 
specified 
devices 
are required, 
LM12434CIWM, LM12{L!438CIWM 
-40'C';; 
TA';; 85'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
Supply Voltage 
Office/Distributors 
for availability 
and specifications. 
VA+, Vo+ 
3.0Vto 5.5V 
Supply Voltage (VA+ and Vo+) 
6.0V 
IVA+ - vo+1 
';;100 mV 
Voltage at Input and Output Pins 
IAGDND - DGNDI 
,;;100mV 
except INO-IN3 (LM12434) 
-0.3VtoV+ 
+ 0.3V 


and INO-IN7 (LM12{L!438) 
Analog Inputs Range 
GND,;; VIN+ ,;; VA+ 


Voltage at Analog Inputs INO-IN3 (LM12434) 
VREF+ Input Voltage 
1V,;; VREF+ ,;; VA+ 


and INO-IN7 (LM12(L!438) 
GND - 5VtoV+ 
+ 5V 
VREF- Input Voltage 
OV ,;; VREF- ,;; VREF+ - 
1V 
IVA+ - vo+1 
300 mV 
VREF+ - VREF- 
1V,;; VREF';; VA+ 
IAGND - 
DGNDI 
300 mV 
VREFCommon Mode 


Input Current at Any Pin (Note 3) 
±5mA 
Range (Note 16) 
0.1 VA+ ,;; VREFCM';;0.6VA+ 


Package Input Current (Note 3) 
±20mA 


Power Dissipation (TA = 25'C) (Note 4) 


V Package 
WM Package 
Storage Temperature 
- 65'C to + 150'C 


Soldering Information, Lead Temperature (Note 19) 


V Package, Vapor Phase (60 seconds) 


Infrared (15 seconds) 


WM Package, Vapor Phase (60 seconds) 


Infrared (15 seconds) 


ESD Susceptibility (Note 5) 
1.5 kV 


2.2 PERFORMANCE CHARACTERISTICS All specifications apply to the LM12434, LM12438, and LM12L438 unless otherwise 
noted. Specifications in braces { ) apply only to the LM12L438. 


2.2.1 Converter 
Static Characteristics 
The following specifications apply to the LM12434 and LM12(L!438 
for VA+ = 
Vo+ = 5V (3.3V!, AGND = DGND = OV,VREF+ = 4.096V (2.5V!, VREF- = OV,12-bit + sign conversion mode, fCLK = 
8.0 MHz {6 MHz!, Rs = 250., source impedance for VREF+ and VREF- ,;; 250., fully-differential input with fixed 2.048V 
!1.25V! common-mode voltage, and minimum acquisition time unless otherwise specified. Boldface 
limit. 
apply for T•• = 
T•• = TIlIN to TII.u:; all other limits TA = TJ = 25'C. (Notes 6, 7, 8 and 9) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 10) 
(Note 11) 
(Limit) 


ILE 
Positive and Negative Integral 
After Auto-Cal (Notes 12, 17) 
±0.35 
±1 
LSB (max) 
Linearity Error 


TUE 
Total Unadjusted Error 
After Auto-Cal (Note 12) 
±1 
LSB 


Resolution with No Missing Codes 
After Auto-Cal (Note 12) 
13 
Bits 


DNL 
Differential Non-Linearity 
After Auto-Cal 
±0.2 
±1 
LSB (max) 


Zero Error 
After Auto-Cal (Notes 13, 17) 
±0.2 
±1 
LSB (max) 


Positive Full-Scale Error 
After Auto-Cal (Notes 12, 17) 
±0.2 
±2 
LSB (max) 


Negative Full-Scale Error 
After Auto-Cal (Notes 12, 17) 
±0.2 
±2 
LSB (max) 


DC Common Mode Error 
(Note 14) 
±2 
±3.5 
LSB (max) 


( ±4.0l 


ILE 
8-Bit + Sign and "Watchdog" 
(Note 12) 


Mode Positive and Negative 
±0.15 
± 1/2 
LSB (max) 
Integral Linearity Error 


TUE 
8-Bit + Sign and "Watchdog" Mode 
After Auto-Zero 
±1/2 
± 1/2 
LSB (max) 
Total Unadjusted Error 


8-Bit + Sign and "Watchdog" Mode 
g 
Bits (max) 
Resolution with No Missing Codes 


• 


2.0 Electrical Specifications 
(Continued) 


2.2.1 
Converter 
Static 
Characteristics 
The 
following 
specifications 
apply 
to the 
LM12434 
and 
LM12(L)438 
for VA+ 
= 
Vo+ 
= SV (3.3Vl, 
AGND = DGND = OV, VREF+ 
= 4.096V 
(2.SVl. 
VREF- 
= OV, 12-bil + sign conversion 
mode, fCLK = 
8.0 
MHz 
(6 MHz), 
Rs = 
250, 
source 
impedance 
for VREF+ 
and 
VREF- 
,;; 250, 
fully-differential 
input 
with 
fixed 
2.048V 


(1.25V) 
common·mode 
voltage, 
and minimum 
acquisition 
time unless 
otherwise 
specified. 
BoldfaceUmlts 
apply 
for 
TA = 
TJ = TMIN to 
TMAX; 
all other 
limits TA = TJ = 25·C. (Notes 
6, 7, 8 and 9) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Limit) 


DNL 
8-Bit + Sign and "Watchdog" 
Mode 
±0.15 
±1/2 
LSB (max) 
Differential 
Non-Linearity 


8-Bit + Sign and "Watchdog" 
Mode 
After Auto-Zero 
±0.05 
±1/2 
LSB (max) 
Zero Error 


8-Bit + Sign and "Watchdog" 
Positive 
" 


and Negative 
Full-Scale 
Error 
±0.1 
±1/2 
LSB (max) 


8-Bit + Sign and "Watchdog" 
Mode 
±1/8 
LSB 
DC Common 
Mode Error 


MUltiplexer 
Channel-to-Channel 
±O.OS 
LSB 
Matching 


VIN+ 
Non-Inverting 
GND 
V (min) 


Input Range 
VA+ 
V (max) 


VIN- 
Inverting 
GND 
V (min) 


Input Range 
VA+ 
V (max) 


VIN+ 
- 
VIN- 
Differential 
Input Voltage 
Range 
-VA+ 
V (min) 


VA+ 
V (max) 


VIN+ 
- 
VIN- 
Common 
Mode Input Voltage 
Range 
GND 
V (min) 


2 
VA+ 
V (max) 


PSS 
Power Supply 
Zero Error 
VA+ = Vo+ 
= SV ±10%, 
±O.OS 
±1.0 
LSB (max) 


Sensitivity 
Full-Scale 
Error 
VREF+ = 4.096V, 
VREF- 
= GND 
±0.25 
± 1.5 
LSB (max) 


(Note 1S) 
Linearity 
Error 
±0.2 
LSB 


CREF 
VREF + IVREF - 
Input Capacitance 
8S 
pF 


CIN 
Selected 
Multiplexer 
Channel 
Input 
7S 
pF 
Capacitance 


2.2.2 Converter 
Dynamic 
Characteristics 
The following 
specifications 
apply 
only to the LM12434 
and LM12438 
for VA + = 
Vo+ 
= 
SV, AGND 
= 
DGND 
= 
OV, VREF+ 
= 
4.096V, 
VREF- 
= 
OV, 12-bit + sign 
conversion 
mode, 
fCLK = 
8.0 MHz, 
throughput 
rate = 133.3 
kHz, RS = 2S0, 
source 
impedance 
for VREF+ 
and VREF- 
,;; 2S0, 
fully-differential 
input with fixed 


2.048V 
(1.25Vl 
common-mode 
voltage, 
and minimum 
acquisition 
time unless 
otherwise 
specified. 
BoldfaceUmlts 
apply 


for 
TA = TJ = TMIN to 
TMAX; 
all other 
limits TA = TJ = 25'C. 
(Notes 
6, 7, 8 and 9) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Limit) 


CLK Duty Cycle 
50 
% 


40 
% (min) 


80 
% (max) 


tc 
Conversion 
Time 
13-Bit Resolution, 


44 (tCLK) 
44 <'eLK) + 50 
ns 
Sequencer 
State S5 (Figure 
10) 
(max) 


9-Bit Resolution, 


21 (tCLK) 
21 <'eLK) + 50 
ns 
(max) 
Sequencer 
State S5 (Figure 
10) 


tA 
Acquisition 
Time 
Sequencer 
State S7 (Figure 
10) 
!cLK = CLK Period 


(Programmable) 
Minimum 
for 13-Bits 
9 (!cud 
9 <'eLK) + 50 
ns 
(max) 


Maximum 
for 13-Bits (0 = 15) 
39 (!cud 
39 <'eLK) + 50 
ns 
(max) 


Minimum 
for 9-Bits (Figure 
10) 
2 (!eLK) 
2 <'eLK) + 50 
ns 
(max) 


Maximum 
for 9-Bits (0 = lS) 
2 (!cLK) 
32 <'eLK) + 50 
ns 
(max) 


2.0 Electrical Specifications 
(Continued) 


2.2.2 Converter 
Dynamic 
Characteristics 
The following 
specifications 
apply 
only to the LM12434 
and LM12438 
for VA + = 
Vo+ 
= 
5V, AGND 
= 
DGND 
= OV, VREF+ 
= 4.096V, 
VREF- 
= 
OV, 12-bit + 
sign 
conversion 
mode, 
fCLK = 
8.0 MHz, 


throughput 
rate = 
133.3 kHz, Rs = 250, 
source 
impedance 
for VREF+ 
and VREF- 
,;; 250, 
fully-differential 
input with fixed 
2.048V 
common-mode 
voltage, 
and minimum 
acquisition 
time unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for T A = 
T •• = TMIN to TMAX; all other 
limits TA = TJ = 25·C. (Notes 
6, 7, 8 and 9) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
limits 
Units 


(Note 10) 
(Note 11) 
(Limit) 


tz 
Auto-Zero 
Time 
Sequencer 
State S2 (Figure 
10) 
76 (teLK) 
76 
<'eLK} + 50 
ns 
(max) 


teAL 
Full Calibration 
Time 
Sequencer 
State S2 (Figure 
10) 
4944 (tCLK) 
4944 
<'eLK} + 50 
ns 
(max) 


Throughput 
Rate 
(Note 18) 
142 
140 
kHz 


(min) 


two 
"Watchdog" 
Mode Comparison 
Time 
Sequencer 
States 
S6, S4, 


11 (tCLK) 
11 <teLK> + 50 
ns 
(max) 
and S5 (Figure 
10) 


SNR 
Signal-to-Noise 
Ratio, 
VIN = 
± 4.096V 
(Note 20) 


Differential 
Input 
fiN = 1 kHz 
79 
dB 


fiN = 10 kHz 
79 
dB 


fiN = 62 kHz 
70 
dB 


SNR 
Signal-to-Noise 
Ratio, 
VIN = 4.096 Vp_p 


Single-Ended 
Input 
fiN = 1 kHz 
71 
dB 


fiN = 10 kHz 
71 
dB 


fiN = 62 kHz 
67 
dB 


SINAD 
Signal-to-Noise 
+ Distortion 
Ratio, 
VIN = 
±4.096V 
(Note 20) 


Differential 
Input 
fiN = 1 kHz 
79 
dB 


fiN = 10 kHz 
78 
dB 


fiN = 62 kHz 
67 
dB 


SINAD 
Signal-to-Noise 
+ Distortion 
Ratio, 
VIN = 4.096 Vp.p 


Single-Ended 
Input 
fiN = 1 kHz 
71 
dB 


fiN = 10 kHz 
70 
dB 


fiN = 62 kHz 
64 
dB 


THD 
Total Harmonic 
Distortion, 
VIN = 
±4.096V 
(Note 20) 


Differential 
Input 
fiN = 1 kHz 
-90 
dBc 


fiN = 10 kHz 
-85 
dBc 


fiN = 62 kHz 
-71 
dBc 


THD 
Total Harmonic 
Distortion, 
VIN = 4.096 Vp.p 


Distortion, 
Single-Ended 
Input 
fiN = 1 kHz 
-88 
dBc 


fiN = 10 kHz 
-82 
dBc 


fiN = 62 kHz 
-67 
dBc 


ENOB 
Effective 
Number 
of Bits, 
VIN = 
±4.096V 
(Note 20) 
Differential 
Input 
fiN = 1 kHz 
12.6 
Bits 


fiN = 10 kHz 
12.2 
Bits 


fiN = 62 kHz 
12.1 
Bits 


ENOB 
Effective 
Number 
of Bits, 
VIN = 4.096 Vp.p 


Single-Ended 
Input 
fiN = 1 kHz 
11.3 
Bits 


fiN = 10 kHz 
11.2 
Bits 


fiN = 62 kHz 
10.8 
Bits 


SFDR 
Spurious 
Free Dynamic 
Range, 
V,N = ±4.096V 
(Note 20) 
Differential 
Input 
fiN = 1 kHz 
90 
dBc 


fiN = 10 kHz 
86 
dBc 


fiN = 62kHz 
76 
dBc 


SFDR 
Spurious 
Free Dynamic 
Range, 
VIN = 4.096V Vp.p 


Single-Ended 
Input 
fiN = 1 kHz 
90 
dBc 


fiN = 10 kHz 
85 
dBc 


fiN = 62 kHz 
72 
dBc 


III 


2.0 Electrical Specifications 
(Continued) 


2.2.2 Converter 
Dynamic 
Characteristics 
The following 
specifications 
apply 
only to the LM12434 
and LM12438 
for VA + = 
VD+ 
= 
5V, AGND 
= 
DGND 
= OV, VREF+ 
= 4.096V, 
VREF- 
= OV, 12-bit + sign conversion 
mode, 
fCLK = 
8.0 MHz, 
throughput 
rate = 
133.3 kHz, Rs = 2511, source 
impedance 
for VREF+ 
and VREF- 
:5: 2511, fully-differential 
input with fixed 
2.048V 
common-mode 
voltage, 
and minimum 
acquisition 
time unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
T A = 
T J = TMIN to 
TMAX; 
all other 
limits TA = TJ = 25'C. 
(Notes 
6, 7, 8 and 9) (Continued) 


Conditions 
Typical 
Limits 
Units 
Symbol 
Parameter 
(Note 
10) 
(Note 
11) 
(Limit) 


IMD 
Two Tone Intermodulation 
Distortion 
VIN = ± 4.096V 
(Note 20) 


Differential 
Input 
fl = 19.190 kHz 
-82 
dBc 


f2 = 19.482 kHz 


IMD 
Two Tone 
Intermodulation 
Distortion 
VIN = 4.096 Vpp 


Single Ended Input 
fl = 19.190 kHz 
-80 
dBc 


f2 = 19.482 kHz 


Multiplexer 
Channel-to-Channel 
Crosstalk 
VIN = 4.096 Vpp 


fiN = 5 kHz 


fCROSSTALK = 40 kHz 
-90 
dBc 


LM12434 
MUXOUT 
Only 


and LM12438 
MUX 


plus Converter 
(Note 21) 


tpu 
Power-Up 
Time 
10 
ms 


twu 
Wake-Up 
Time 
(Note 22) 
2 
ms 


2.2.3 DC Characteristics 
The following 
specifications 
apply to the LM 12434 and LM 12 { L l438 
for VA + = V D+ = 5V (3.3Vl, 
AGND = DGND = OV, VREF+ = 4.096V 
(2.5Vl, 
VREF- 
= OV, fCLK = 8.0 MHz (6 MHzland 
minimum 
acquisition 
time unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
T A = TJ = TMIN to 
TMAX; 
all other 
limits TA = TJ = 25'C. 
(Notes 
6, 7 
and 8) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Limit) 


ID+ 
VD + Supply Current 
fCLK = 8 MHz (6 MHzl 


fSCLK = Stopped 
2.0 (l.4l 
mA(max) 


fSCLK = 10 MHz {a MHz) 
4.0 (2.0l 
5.0 {2.5) 
mA(max) 


IA+ 
VA + Supply Current 
fCLK = a MHz (6 MHzl 
2.a (2.2l 
4.0 {3.5l 
mA(max) 


1ST 
Stand-By 
Supply Current(ID 
+ + IA+) 
Stand-By 
Mode Selected 


fSCLK = Stopped 


fCLK = Stopped 
5(5l 
IJ-A(max) 


fCLK = a MHz (6 MHzl 
120 (50} 
IJ-A(max) 


fSCLK = 10 MHz {a MHz) 


fCLK = Stopped 
1.4 [o.al 
mA(max) 


fCLK = a MHz (6 MHzl 
1.4 [0.8l 
mA(max) 


Multiplexer 
ON-Channel 
Leakage 
Current 
VA+ = 5.5V 


ON-Channel 
= 5.5V 


OFF-Channel 
= OV 
0.1 
1.0 
(3.0l 
IJ-A(max) 


ON-Channel 
= OV 


OFF-Channel 
= 5.5V 
1.0 
(3.0l 
IJ-A(max) 


Multiplexer 
OFF-Channel 
Leakage 
Current 
VA + = 5.5V (3.3Vl 


ON-Channel 
= 5.5V (3.3V) 


OFF-Channel 
= OV 
0.1 
1.0 
(3.0) 
IJ-A(max) 


ON-Channel 
= OV 


OFF-Channel 
= 5.5V (3.3V) 
1.0 
(3.0l 
IJ-A(max) 


otherwise specified. Boldface 
limits 
applw for 
T" 
= T•• = TIlIN to TIIAX; all omer limns IA = 
IJ = «0-"'. \I~U'"''<>. 
f 
and 8) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 10) 
(Note 11) 
(Limit) 


RON 
Multiplexer ON-Resistance 
LM12434 
VIN = 5V 
650 
1000 
fi(max) 


VIN = 2.5V 
700 
1000 
fi(max) 


VIN = OV 
630 
1000 
fi(max) 


Multiplexer Channel-to-Channel 
LM12434 


RONmatching 
VIN = 5V 
±1.0% 
±3.0% 
(max) 


VIN = 2.5V 
±1.0% 
±3.0% 
(max) 


VIN = OV 
±1.0% 
±3.0% 
(max) 


2.2.4 Digital DC Characteristics 
The following specifications apply to the LM12434 and LM12(L)438 for VA+ = Vo+ = 5V 
{3.3V!. AGND = DGND = OV.unless otherwise specified. Boldface 
limits 
applw for T" = T•• = TIlIN to TIIAX; all other 
limits TA = TJ = 25°C. (Notes 6.7 and 8) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 10) 
(Note 11) 
(Limit) 


VIN(1) 
Logical "1" Input Voltage 
VA+ = Vo+ = 5.5V (3.6V) 
2.0 
V (min) 


VIN(O) 
Logical "0" Input Voltage 
VA+ = Vo+ = 4.5V (3.0V) 
0.8 
V (max) 


IINf1l 
Logical "1" Input Current 
VIN = 5V (3.3V) 
0.005 
1.0 
IJ-A(max) 


IIN(O) 
Logical "0" Input Current 
VIN = OV 
-0.005 
-1.0 
IJ-A(max) 


CIN 
All Digital Inputs 
6 
pF 


VOUT(1) 
Logical "1" Output Voltage 
VA+ = Vo+ = 4.5V (3.0V! 
'OUT= -360 
IJ-A 
2.4 
V (min) 


'OUT= -10 
IJ-A 
4.25 
(2.8! 
V (min) 


VOUT(O) 
Logical "0" Output Voltage 
VA+ = Vo+ = 4.5V (3.0V! 
0.4 
V (max) 
'OUT= 1.6mA 


'OUT 
TRI-STATE~ Output Leakage Current 
VOUT= OV 
-0.05 
-3.0 
IJ-A(max) 


VOUT= 5V (3.3V! 
0.05 
3.0 
IJ-A(max) • 


2.0 Electrical Specifications 
(Continued) 


2.3 DIGITAL 
SWITCHING 
CHARACTERISTICS 
The following 
specifications 
apply to the LM 12434 and LM12 [L 1438 for VA + 
= VD+ 
= 5V 
[3.3VI, 
AGND 
= 
DGND = OV, CL (load 
capacitance) 
.on output 
lines = 80 pF unless 
otherwise 
specified. 
Boldface limit. apply for TA = TJ = TIlIN to TIIAX. all other 
limits for TA = TJ = 25°C. (Notes 
6,7, 
and 9) 


2.3.1 Standard 
Mode 
Interlace 
(MICROWIRE/PLUSTM, 
SCI and SPI/QSPI) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(See Figure 
Below) 
(Note 
10) 
(Note 
11) 
(Limit) 


t1 
SCLK (Serial Clock) 
Period 
100 
[1251 
ns(min) 


t2 
CS Set-Up Time to First 
25 
(301 
ns(min) 
(' 
Clock Transition 


t3 
01 Valid Set-Up Time to Data 
0 
ns(min) 


• 
Capture 
Transition 
of SCLK 


14 
01 Valid Hold Time to Data 
40 
ns(min) 
Capture 
Transition 
of SCLK 


ts 
DO Hold Time from Data Shift 
70 
(1201 
ns(max) 
Transition 
of SCLK 


~ 
CS Hold Time from Last SCLK 


I 


Transition 
in a Read or Write Cycle 
25 
ns(min) 


(Excluding 
Burst Read Cycle) 


t7 
CS Inactive to CS Active Again 
3 
CLKCycle 


+ 
(min)* 


ta 
SCLK Idle Time between 
the 


End of the Command 
Byte 
3 
CLKCycle 


Transfer 
and the Start of the 
(min)* 


Data Transfer 
in Read Cycles 


·elK 
is the main clock input to the device, pin number 24 in PLCC package or pin number 2 in SO package. 


R r.t2'" 


\~ 
It 
.' ~a'0, 
I 


SCLK 
X 
-"1'3 I-- 


01 
xxx 
X 
IXX 
. -~~ 
- 1.1- 


XXXX_X"'l 


DO 
X 
::=x 
- 
1-15 
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2.0 Electrical Specifications 
(Continued) 


2.3 DIGITAL 
SWITCHING 
CHARACTERISTICS 
The following 
specifications 
apply to the LM12434 
and LM12{ L!438 
for VA + 
= VD+ 
= SV {3.3Vl, 
AGND 
= DGND = OV, CL (load 
capacitance) 
on output 
lines"" 
80 pF unless 
otherwise 
specified. 


Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX. all other 
limits for TA = TJ = 2SoC. (Notes 
6, 7, and 9) (Continued) 


2.3.2 8051 Interface 
Mode 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(See Figure Below) 
(Note 
10) 
(Note 
11) 
(Limit) 


t9 
TXD (Serial Clock Period) 
125 
{250! 
ns(min) 


t10 
CS Set-Up Time to First 
25 
{40} 
ns(min) 
Clock Transition 


t11 
Data in Valid Set-Up Time to 
40 
ns(min) 
TXD Clock High 


t12 
Data in Valid Hold Time 
40 
{90} 
ns(min) 
from TXD Clock High 


t13 
Data Out Hold Time 
70(120) 
ns(max) 
from TXD Clock High 


t14 
CS Hold Time from Last TXD 


High in a Read or Write Cycle 
25 
(50) 
ns(min) 


(Excluding 
Burst Read Cycle) 


t15 
CS Inactive to CS Active Again 
3 
CLKCycle 


(min)" 


t16 
SCLK Idle Time between 
the 


End of the Command 
Byte 
3 
CLKCycle 


Transfer 
and the Start of the 
(min)" 


Data Transfer 
in Read Cycles 


E r:-~o'-"-\9--SJ~~4 \15 


TXD 


8- 
• 


2.0 Electrical Specifications 
(Continued) 


2.3 DIGITAL 
SWITCHING 
CHARACTERISTICS 
The following 
specifications 
apply to the LM12434 
and LM12( L) 438 for VA + 
= Vo+ 
= SV (3.3V), 
AGND 
= DGND 
= OV, CL (load 
capacitance) 
on output 
lines = 80 pF unless 
otherwise 
specified. 


Boldface limits appl)' for TA = T•• = TMINto TMAX.all other 
limits for TA = TJ = 2SoC. (Notes 6, 7, and 9) (Continued) 


2.3.3 TMS320 
Interface 
Mode 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(See Figure Below) 
(Note 
10) 
(Note 
11) 
(Limit) 


t22 
SCLK (Serial Clock) 
Period 
125 (US7) 
ns(min) 


t23 
FSX Set-Up Time to SCLK High 
30 (50) 
ns(min) 


t24 
FSX Hold Time from SCLK High 
10 
ns(min) 


t25 
Data in (OX) Set-Up 
0 
ns(min) 


Time to SCLK Low 


t26 
Data in OX Hold Time from 
30 (120) 
ns(min) 


SCLKLow 


t27 
FSR High from SCLK High 
80 (100) 
ns(max) 


t28 
FSR Low from SCLK Low 
120 
ns (max) 


t29 
SCLK High to Data 
80 
ns (max) 
Out (DR) Change 


2.3.4 12C Bus Interface 
The switching characteristics of the lM12434/8 
for 12C bus interface fully meets or exceeds the published specifications of the 


12C bus. The following parameters given here are the timing relationships between SCl and SDA signals related to the 
lM12434/8. 
They are not the 12C bus specifications. 


Symbol 
(See FlgUTtI Below) 


t17 


t18 


t19 


t20 


Typical 
Limits 
Units 


(Note 10) 
(Note 11) 
(Limit) 


2500 (10000) 
ns(min) 


30 
ns(min) 


800 (1400) 
ns(max) 


40 
n8(min) 


40 
ns(min) 


Data in Set-Up Time to SCl High 


Data Out Stable after SCl low 


SDA low Set-Up Time to SCl 
low (Start Condition) 


SDA High Hold Time after SCl 
High (Stop Condition) 


III 


2.0 Electrical Specifications 
(Continued) 


2.4 NOTES ON SPECIFICATIONS 


Note 
1: Absolute 
Maximum 
Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional, 
but do not guarantee specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 


specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade 
when the device 
is not operated 
under the listed test 


conditions. 


Note 2: All voltages are measured with respect to GNDt unless otherwise 
specified. GND specifies either AGND and/or 
DGNO and V+ specifies either VA + and! 
orVo+· 


Note 3: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN < GND or VIN > (VA + or Vo + n, the current at that pin should be limited to 
SmA. 
The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current of SmA, 
to simultaneously 
exceed the power 
supply voltages. 


Note 
4: The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is dictated 
by TJmax (maximum 
junction 
temperature), 
0JA (package 
junction to ambient thermal resistance), 
and TA (ambient temperature). 
The maximum allowable 
power dissipation at any temperature 
is PDmax = (TJmax - 
TpJl 
0JA or the number given in the Absolute 
Maximum Ratings, whichever 
is lower. For this device, TJmax = 1SO"C,and the typical thermal resistance (0JN of the V 
package, when board mounted, is 70·C/W 
and in the WM package, when board mounted, is 60"C/W. 


Note 5: Human body model, 100 pF discharged 
through a 1.5 kn resistor. 


Note 6: Two on-chip diodes are tied to each analog input through a series resistor, as shown below. Input voltage 
magnitude 
up to SV above VA + or SV below 
GND will not damage the part. However, errors in the AID conversion 
can occur if these diodes are forward biased by more than 100 mY. As an example, if VA + is 
4.S VOC, the full-scale 
input voltage must be :!>:4.6Voc to ensure accurate conversions. 


VA+ 
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Note 
7: VA + and Vo+ 
must be connected 
together 
to the same power supply voltage 
and bypassed 
with separate 
capacitors 
at each V+ 
pin to assure 
conversion/comparison 
accuracy. 
Refer to Section 8.0 for a detailed discussion 
on grounding 
the DAS. 


Note 8: Accuracy 
is guaranteed 
when operating 
the LM12434/LM121LJ438 
at ICLK ~ 8 MHz 16 MHz/. 


Note 9: With the test condition for VREF (VREF+ 
- 
VREF-) 
given as +4.096V, 
the 12-blt LSB is 1 mV and the 8-bitl"Watchdog" 
LSB is 19 mY. 


Note 
10: Typicals are at TA = 2SoC and represent 
most likely parametric 
norm. 


Note 
11: Limits are guaranteed 
to National's 
AOQL (Average Output Quality Level). 


Note 
12: Positive integral linearity error is defined as the deviation of the ana~ 
value, expressed 
in LSBs, from the straight line that passes through positive full- 
scale and zero. For negative integral linearity error the stratght line passes through negative full-scale 
and zero. (see Figures 5b and 5c). 


Note 
13: Zero error is a measure of the deviation from the mid-scale voltage 
(a code of zero), expressed 
in LSB. It is the average value of the code transitions 
between 
-1 
to 0 and 0 to + 1 (see Figure 6). 


Note 
14: The DC common-mode 
error is measured 
with both the inverted 
and non-inverted 
inputs shorted 
together 
and driven from OV to 5V (3.3VI. 
The 
measured value is referred to the resulting output value when the inputs are driven with a 2.5V 11.65V J signal. 


Note 
15: Power Supply Sensitivity 
is measured after Auto-Zero 
and/or 
Auto-Calibration 
cycle has been completed 
with VA + and Vo+ 
at the specified extremes. 


Note 
16: VREFCM (Reference 
Voltage Common 
Mode Range) is defined as (VREF+ 
+ VREF-)/2. 
See Figures 3 and 4. 


Note 
17: The device self-calibration 
technique 
ensures linearity and offset errors as specified, 
but noise inherent 
in the self-calibration 
process 
will result in a 
repeatability 
uncertainty 
of ±0.10 
LSB. 


Note 18: The Throughput 
Rate is for a single instruction repeated continuously 
while reading data dUring conversions 
with a serial clock frequency fSClK = 10 MHz 


18 MHz). sequencer 
states 0 (1 clock cycle), 1 (1 clock cycle), 7 (9 clock cycles) and 5 (44 clock cycles) are used (see Figure 10) for a total of 56 clock cycles per 


conversion. 
The Throughput 
Rate is fClK (MHz)/N, 
where N is the number of clock cycles/conversion. 


Note 
19: see AN-4S0 "Surtace 
Mounting Methods and their Effect on Product Reliability" 
for other methods of soldering surtace mount devices. 


Note 20: Each input referenced 
to the other input sees a ±4.096V 
(8.192 Vp-p) sine wave. However the voltage at each input stays within the supply rails. This is 
done by applying two sine waves with 180" phase shift and 4.096 Vp-p (between GND and VA +) to the inputs. 


Note 21: Multiplexer channel-to-channel 
crosstalk is measured by placing a sinewave with a frequency of fiN = S kHz on one channel and another sinewave with a 
frequency 
of fCROSSTALK = 40 kHz on the remaining 
channels. 
8192 conversions 
are pertormed 
on the channel 
with the 5 kHz signal. A special response 
is 
generated 
by doing a FFT on these samples. 
The crosstalk 
is then calculated 
by subtracting 
the amplitude 
of the frequency 
component 
at 40 kHz from the 
amplitude 
of the fundamental 
frequency 
at 5 kHz. 


Note 22: Interrupt 7 is set to return an out-of-standby 
flag 10 ms (typ) after the device is requested 
to come out of standby mode. However, characterization 
has 
shown the devices will perform to their rated specifications 
in 2 ms. 


VREf 
= 
VREf+ 
- 
VREf_ 


V1N 
= 
V1N+ 
- 
V1N_ 


GND S 
VIN+ 
.:S 
V.,+ 


GND S VIN- S V.,+ 


,,,,,,,,,,,,,, 
~to,' 
~"', 
,,,,,,,,,,,,,,,,,, 


,,,,,,,,,,,,,,,,,,,,,,,,, 
"',,,,,,,,,,,,,,,,,,,,,,,,,,, 


V1N+ 
(V) 


FIGURE 1. Output Digital Code vs the Operating Input Voltage Range (General Case) 


VREF+ 
- 
VREF- 
= •. 096V 


V1N = VIN+ 
- 
V1N_ 


GND::S 
V1N+ ::S v.,+ 


GND::S 
V1N- S v.,+ 


V1N+ (V) 


FIGURE 2. Output Digital Code vs the Operating Input Voltage Range for VREF= 4.096V 
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FIGURE 
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for VA + = 5V 
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FIGURE 
5b. Simplified 
Error Curve vs Output 
Code without 
Auto-Calibration 
or Auto-Zero 
Cycles 
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3.0 Electrical Characteristics 
(Continued) 
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4.0 Typical Performance 
Characteristics 


The following 
curves 
apply for 12-bit + sign mode after auto-calibration 
unless otherwise 
specified. 
The performance 
for 8-bit + 
sign and "watchdog" 
modes 
is equal to or better 
than shown. 
(Note 
9) 
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4.0 Typical Performance Characteristics 
(Continued) 


The following 
curves 
apply for 12-bit + sign mode after auto-calibration 
unless otherwise 
specified. 
The performance 
for 8-bit + 
sign and "watchdog" 
modes 
is equal to or better 
than shown. 
(Note 
9) 
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The following 
curves 
apply to the LM 12L438 
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unless otherwise 
specified. 
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apply 
for 12-bit + sign mode 
after auto-calibration 
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4.0 Typical Performance Characteristics 
(Continued) 


The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. 
RS = son, TA = 25°C, VA+ = Vo+ 
= SV, VREF = 4.096V. fCLK = 8 MHz, fSCLK= 10 MHz, VIN = 4.096V"" 
0 dB, 


Sampling Rate = 133.3 kHz. 
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4.0 Typical Performance Characteristics 
(Continued) 


The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. 
Rs = son, TA = 2S"C, VA+ = Vo+ = SV, VREF = 4.096V, fCLK = 8 MHz, fSCLK= 10 MHz, VIN = ± 4.096V --. 0 dB, 
Sampling Rate = 133.3 kHz. 
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5.0 Pin Descriptions 


TABLE 
I. LM12(L!438 
Pin Description 


Pin Number 


PLCC 
SO 
Pin Name 
Description 


Pkg. 
Pkg. 


1 
7 
DGND 
Digital ground. 
This is the device's 
digital supply ground 
connection. 
It should 
be connected 


through 
a low resistance 
and low inductance 
ground 
return to the system 
power supply. 


2 
8 
INO 
These are the eight analog inputs to the multiplexer. 
For each conversion 
to be performed, 
the 


3 
9 
IN1 
active channels 
are selected 
according 
to the instruction 
RAM programming. 
Any individual 


4 
10 
IN2 
channel 
can be selected 
for a single-ended 
conversion 
referenced 
to AGND, or any pair of 


5 
11 
IN3 
channels, 
whether 
adjacent 
or non adjacent, 
can be selected 
as a fully differential 
input pairs. 


6 
12 
IN4 


7 
13 
IN5 


8 
14 
IN6 


9 
15 
IN7 


10 
16 
VREF+ 
Positive 
reference 
input. The operating 
voltage 
range for this input is 1V ,;:;VREF+ 
,;:;VA + (See 


Figures 
3 and 4). In order to achieve 
12-bit performance 
this pin should 
be by passed 
to AGND 


at least with a parallel 
combination 
of a 10 I-'F and a 0.1 I-'F (ceramic) 
capacitor. 
The capacitors 


should 
be placed 
as close to the part as possible. 


11 
17 
VREF- 
Negative 
reference 
input. The operating 
voltage 
range for this input is 0 V ,;:;VREF- 
,;:;VREF+ 


- 
1V (See Figures 
3 and 4). In order to achieve 
12-bit performance, 
this pin should 
be bypassed 


to AGND at least with a parallel 
combination 
of a 10 I-'F and a 0.1 I-'F (ceramic) 
capacitor. 
The 


capacitors 
should 
be placed 
as close to the part as possible. 


12 
18 
AGND 
Analog 
ground. 
This is the device's 
analog supply ground 
connection. 
It should 
be connected 


through 
a low resistance 
and low inductance 
ground 
return to the system 
power supply. 


13 
19 
VA+ 
Analog 
supply. This is the supply connection 
for the analog circuitry. 
The device 
operating 
supply 


voltage 
range is + 3.0V to + 5.5V. Accuracy 
is guaranteed 
only if the VA + and Vo + are 


connected 
to the same potential. 
In order to achieve 
12-bit performance, 
this pin should 
be 


bypassed 
to AGND at least with a parallel 
combination 
of a 10 I-'F and a 0.1 I-'F (ceramic) 


capacitor. 
The capacitors 
should 
be placed 
as close to the part as possible. 


14 
20 
DGND 
Digital ground. 
See above definition. 


15 
21 
Vo+ 
Digital supply. This is the supply connection 
for the analog circuitry. 
The device 
operating 
supply 


16 
22 
voltage 
range is + 3.0V to + 5.5V. The device 
accuracy 
is guaranteed 
only if the VA + and Vo + 


are connected 
to the same potential. 
In order to achieve 
12-bit performance 
this pin should 
be 


by passed 
to DGND at least with a parallel 
combination 
of a 10 I-'F and a 0.1 I-'F (ceramic) 


capacitor. 
The capacitors 
should 
be placed 
as close to the part as possible. 


17 
23 
P5 
P1-P5 
are the multi-function 
serial interface 
input or output 
pins that have different 
assignments 


depending 
on the selected 
mode. 


Serial interface 
input: 
Standard: 
SCLK 


8051: 
TXD 


12C: 
SCl 


TMS320: 
DR 


18 
24 
P4 
Serial interface 
input! output: 
Standard: 
DO 


8051: 
RXD 


12C: 
SDA 


TMS320: 
DR 


19 
25 
P3 
Serial interface 
input: 
Standard: 
DI 


8051: 
CS 


12C: 
SAD2 


TMS320: 
DX 


5.0 Pin Descriptions 
(Continued) 


TABLE 
I. LM12(L)438 
Pin Description 
(Continued) 


Pin Number 


PLCC 
SO 
Pin Name 
Description 


Pkg. 
Pkg. 


20 
26 
P2 
Serial interface 
input: 
Standard: 
CS 


8051: 
1 


12C: 
SAD1 


TMS320: 
FSX 


21 
27 
P1 
Serial interface 
input: 
Standard: 
R/F (Clock rise/fall) 


8051: 
1 


12C: 
SA DO 


TMS320: 
FSR 


22 
28 
MODESEL2 
Serial mode selection 
inputs. The logic states of these inputs determine 
the operation 
of 


23 
1 
MODESEL1 
the serial mode as shown 
below. The standard 
mode covers 
the National's 
MICROWIRE, 


Motorola's 
SPI and Hitachi's 
SCI protocols. 


MODESEL 1, MODESEL2: 
01 
Standard 
mode 


00 
8051 


10 
12C 


11 
TMS320 


24 
2 
CLK 
The device 
main clock 
input. The operating 
range of clock frequency 
is 0.05 MHz to 


10.0 MHz. The device 
accuracy 
is guaranteed 
only for the clock frequencies 
indicated 
in 


the specification 
tables. 


25 
3 
INT 
Interrupt 
output. 
This is an active low output. An interrupt 
is generated 
any time a non- 


masked 
interrupt 
condition 
takes place. There are seven different 
conditions 
that can 


generate 
an interrupt. 
(Refer to Section 
6.2.4). The interrupt 
is set high (inactive) 
by reading 


the interrupt 
status register. 
This output can drive up to 100 pF of capacitive 
loads. An 


external 
buffer should 
be used for driving higher capacitive 
loads. 


26 
4 
SYNC 
Synchronization 
input/output. 
SYNC is an input if the Configuration 
Register's 
SYNC I/O bit 


is "0" 
and output when the bit is "1 ". When sync is an input, a rising edge on this pin 


causes the internal 
S/H to hold the input signal and a conversion 
cycle or a comparison 


cycle (depending 
on the programmed 
instruction) 
to be started. 
(The conversion 
or 


comparison 
actually 
begins on the rising edge of the CLK immediately 
following 
the rising 


edge of sync.) When output, 
it goes high at the start of a conversion 
or a comparison 
cycle 


and returns 
low when the cycle is completed. 
At power up the SYNC pin is set as an input. 


When used as an output 
it can drive up to 100 pF of capacitive 
loads. An external 
buffer 


should 
be used for driving 
higher capacitive 
loads. 


27 
5 
STANDBYOUT 
Stand-by 
output. 
This is an active low output. 
STANDBYOUT 
will be activated 
when the 


LM 12 (L 1438 is put into stand-by 
mode through 
the Configuration 
Register's 
stand-by 
bit. It 


is used to force any other devices 
in the system 
(signal conditioning 
circuitry, 
for example) 


to go into power-down 
mode. This is done by connecting 
the "shutdown", 
"powerdown", 


"standby", 
etc. pins of the other 
ICs to STANDBYOUT. 
In those cases where the peripheral 


ICs do not have the power-down 
inputs, STANDBYOUT 
can be used to turn off their power 


through 
an electronic 
switch. 
Note that the logic polarity 
of the STANDBYOUT 
is the 


opposite 
to that of the stand-by 
bit in the Configuration 
Register. 
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6 
Vo+ 
Digital supply. See above definition. 


LM12434 
Pin Description. 
(Same as LM12 (Ll438 
with the exceptions 
of the following 
pins.) 


LM 12434 Pin Description 
(Same 
As LM12 {Ll438 
with the exception 
of the following 
pins.) 


6 
12 
MUXOUT- 
Multiplexer 
outputs. 
These are the LM12434's 
externally 
available 
analog 
MUX output 
pins. 


7 
13 
MUXOUT+ 
Analog 
inputs are directed 
to these outputs 
based on the Instruction 
RAM programming. 


8 
14 
S/H 
IN- 
Sample-and-hold 
inputs. These are the inverting 
and non-inverting 
inputs of the sample- 
9 
15 
S/H 
IN+ 
and-hold. 
LM 12434 allows external 
analog signal conditioning 
circuits 
to be placed 


between 
MUX outputs 
and S/H 
inputs. 


6.0 Operational 
Information 


6.1 FUNCTIONAL 
DESCRIPTION 


The LM12434 and LM12(L!43B 
are multi-functional Data 


Acquisition Systems that include a fully differential 12-bit- 
plus-sign self-calibrating analog-to-digital converter (ADC) 
with 
a two's-complement 
output format, an B-channel 


(LM12(L)43B) or a 4-channel (LM12434) analog multiplex- 
er, a first-in-first-out (FIFO) register that can store 32 con- 
version results, and an Instruction RAM that can store as 
many as eight instructions to be sequentially executed. The 
LM12434 also has a differential multiplexer output and a 
differential StH input. All of this circuitry operates on only a 
single + 5V power supply. For simplicity, the DAS (Data Ac- 
quisition System) abbreviation is used as a generic name for 
the members of the LM12434 and LM12(L)43B 
family 
thoughout this discussion. 


Figure 7 illustrates the functional block diagram or user pro- 
gramming model of the DAS. Note that this diagram is not 
meant to reflect the actual implementation of the internal 
building blocks. The model consists of the following blocks: 


- 
A flexible analog multiplexer with differential output at 
the front end of the device. 


- 
A fUlly-differential, self-calibrating 12-bit + 
sign ADC 


converter with sample and hold. 


- 
A 32-word FIFO register as the output data buffer. 
- 
An B-word instruction RAM that can be programmed to 
repeatedly perform a series of conversions and compari- 
sons on selected input channels. 


- 
A series of registers for overall control and configuration 
of DAS operation and indication of internal operational 
status. 


- 
Interrupt generation logic to request service from the 
processor under specified conditions. 
- 
Serial interface logic for input/output 
operations be- 


tween the DAS and the processor. All the registers 
shown in the diagram can be read and most of them can 
also be written to by the user through the input/output 
block. 
- 
A controller unit that manages the interactions of the 
different blocks inside the DAS and controls the conver- 
sion, comparison and calibration sequences. 
The DAS has 3 different modes of operation: 


- 
12-bit + sign conversion 
- 
B-bit + sign conversion 
- 
B-bit + sign comparison (also called "watChdog" mode) 
The fUlly differential 12-bit-plus-sign ADC uses a charge re- 
distribution topology that includes calibration capabilities. 
Charge re-distribution ADCs use a capacitor ladder in place 
of a resistor ladder to form an internal DAC. The DAC is 
used by a successive approximation register to generate 
intermediate voltages between the voltages applied to 
VREF- and VREF+. These intermediate voltages are com- 
pared against the sampled analog input voltage as each bit 
is charged. 


Conversion accuracy is ensured by an internal auto-calibra- 
tion system. Two different calibration modes are available; 
one compensates for offset voltage, or zero error, while the 
other corrects the ADC's linearity and offset errors. 


When correcting offset only, the offset error is measured 
once and a correction coefficient is created. During the full 
calibration, the offset error is measured eight times, aver- 


aged, and a correction coefficient is created. After comple- 
tion of either calibration mode, the offset correction coeffi- 
cient is stored in an internal offset correction register. 
The LM12434 and LM12(L)43B's overall linearity correction 
is achieved by correcting the internal DAC's capacitor mis- 
match. Each capacitor is compared eight times against all 
remaining smaller value capacitors and any errors are aver· 
aged. A correction coefficient is then created and stored in 
one of the thirteen linearity correction registers. A state ma- 
chine, using patterns stored in 16-bit x B-bit ROM, executes 
each calibration algorithm. 
Once the converter has been calibrated, an arithmetic logic 
unit (ALU) uses the offset correction coefficient and the 13 
linearity correction coefficients to reduce the conversion's 
offset error and linearity error, in the background, during the 
12-bit + 
sign conversion. B-bit + 
sign conversions and 
"watchdog" comparisons use only the offset coefficient. An 
B-bit + 
sign conversion requires less than half the time 


needed for a 12-bit + sign conversion. 


Diagnostic Mode 
A diagnostic mode is available that allows verification of the 
LM12(L)43B's operation. The diagnostic mode is disabled 
in the LM12434. This mode internally connects the voltages 
present at the VREF+ and VREF- pins to the internal VIN+ 
and VIN- StH inputs. This mode is activated by setting the 
Diagnostic bit (Bit 11) in the Configuration register to a "1". 
More information concerning this mode of operation can be 
found in Section 6.2.2. 


Watchdog Mode 
In the watchdog mode no conversion is performed, but the 
DAS samples an input and compares it with the values of 
the two limits stored in the Instruction RAM. If the input 
voltage is above or below the limits (as defined by the user) 
an interrupt can be generated to indicate a fault condition. 
The LM12434 and LM(L)43B's "watchdog" 
mode is used 


to monitor a single-ended or differential signal's amplitude 
and generate an output if the signal's amplitude falls out- 
sidde of a programmable "window". Each watchdog instruc- 
tion includes two limits. An interrupt can be generated if the 
input signal is above or below either of the two limits. This 
allows interrupt to be generated when analog voltage inputs 
are "outside the window". After a "watchdog" mode inter- 
rupt, the processor can then request a conversion on the 
input signal and read the signal's magnitude. 


Analog Input Multiplexer 


The analog input multiplexer can be configured for any com- 
bination of single-ended or fully differential operation. Each 
input is referenced to AGND when a multiplexer channel 
operates in the single-ended mode. Fully differential analog 
input channels are formed by pairing any two channels to- 
gether. 


The 
LM12434's 
multiplexer 
outputs 
and 
StH 
inputs 


(MUXOUT+, MUXOUT- 
and StH IN+, StH IN-) 
provide 


the option for additional analog signal processing after the 
multiplexer. Fixed-gain amplifiers, programmable-gain am- 
plifiers, filters, and other processing circuits can operate on 
the multiplexer output signals before they are applied to the 
ADC's StH inputs. If external processing is not used, con- 
nect MUXOUT+ to StH IN+ and MUXOUT- 
to StH IN-. 


• 


CONTROLLER 


(Instruction 
Sequencer, 
ALU, 


Calibration 
Coefficients 
Memory, 
etc.) 


CONTROLLER 


(Instruction 
Sequencer, 
ALU, 


Calibration 
Coefficients 
Memory, 
etc.) 


INSTRUCTION 
RAM 


RP= 
10 
RP=Ol 
RP=OO 


(RP: 
RA~ 
Pointer) 
0 


1 
2 
3 
4 
5 


6 
7 


(Limits# 
2) 
(Limits# 
1) 
(Instructions) 


INPUT/ 


OUTPUT 
LOGIC 
(Serial 


Interface) 


(b) The LM12434 
FIGURE 7. The LM121Ll438 and LM12434 Functional Block Diagram (Programming Model) 


· 
... 
for a 12-bit + sign conversion) when the source imped- 
ance, RS, is less than or equal to 60 180) 0 (fCLK :s;8 (6) 
MHz). When 60 180) 0 < RS :s;4.17 15.56) kO, the inter- 
nal S/H's 
acquisition time can be increased to a maximum 


of 4.88 (6.5) /los(12 + sign bits, fCLK = 8 (6) MHz) to 
provide sufficient time for the sampling capacitor to charge. 
See Section 6.2.1 (Instruction RAM "00") Bits 12-15 for 
more information. 


Instruction 
Register 


The INSTRUCTION RAM is divided into 8 separate words, 
each with 48 (3 x 16) bit length. Each word is separated into 
three 16-bit sections. Each word has a unique address and 
different sections of the instruction word are selected by the 
2-bit RAM pointer (RP) in the configuration register. As 
shown in Figure 
7, the Instruction RAM sections are labeled 


Instructions, Limits # 1 and Limits # 2. The Instruction sec- 
tion holds operational (12-bit + sign, 8-bit + sign or watch- 
dog) information such as the input channels to be selected, 
the mode of operation to be performed for each instruction, 
and the duration of the acquisition period. The other two 
sections are used in the watchdog mode and the user- 
defined limits are stored in them. Each watchdog instruction 
has 2 limits associated with it (usually a low limit and a high 
limit. but two low limits or two high limits may be pro- 
grammed instead). The DAS starts executing from instruc- 
tion 0 and moves through the next instructions up to any 
user-specified instruction and then "loop back" to instruc- 
tion O.It is not necessary to execute all 8 instructions in the 
instruction loop. The cycle may be repeatedly executed until 
stopped by the user. The processor should access the In- 
struction 
RAM only when the instruction sequencer is 


stopped. 


FIFO Register 
The FIFO Register stores the conversion results. This regis- 
ter is "Read only" and all the locations are accessed 
through a single address. Each time a conversion is per- 
formed the result is stored in the FIFO and the FIFO's inter- 
nal write pointer points to the next location. The pointer rolls 
back to location 1 after a Write to location 32. The same 
flow occurs when reading from the FIFO. The internal FIFO 
Writes and the external FIFO Reads do not affect each oth- 
er's pointer locations. 


microprocessor intervention. The microprocessor can, at 
any time, interrogate the FIFO and retrieve its contents. It 
can also wait for the LM12434 and LM121L) 438 to issue an 
interrupt when the FIFO is full or after any number (:S; 32) of 
conversions have been stored. 


Configuration 
Register 
The CONFIGURATION Register is the main "control panel" 
of the DAS. Writing 1s and Os to the different bits of the 
Configuration Register commands the DAS start or stop the 
sequencer, reset the pointers and flags, go into "standby" 
mode for low power consumption, calibrate offset and lin- 
earity, and select sections of the RAM. 


Other 
Registers 


The INTERRUPT ENABLE Register lets the user activate up 
to 7 sources for interrupt generation (refer to Section 6.2.3). 
It also holds two user-programmable values. One is the 
number of conversions to be stored in the FIFO register 
before the generation of the Data Ready interrupt. The other 
value is the instruction number that generates an interrupt 
when the sequencer reaches that instruction. 
The INTERRUPT STATUS and LIMIT STATUS Registers 
are "Read only" registers. They are used as vectors to indi- 
cate which conditions have generated the interrupt and 
what watchdog limit boundaries have been passed. Note 
that the bits are set in the status registers upon occurrence 
of their corresponding interrupt conditions, regardless of 
whether the condition is enabled for external interrupt gen- 
eration. 
The TIMER Register can be programmed to insert a delay 
before execution of each instruction. A bit in the instruction 
register enables or disables the insertion of the delay before 
the execution of an instruction. 


Serial 1/0 
A very flexible serial synchronous interface is provided to 
facilitate reading from and writing to the LM12434 and 
LM12(L)438's 
registers. The communication between the 


LM12434 and LM121Ll438 
and microcontrollers, micro- 


processors and other circuitry is accomplished through this 
serial interface. The serial interface is designed to directly 
communicate with the synchronous serial interfaces of the 
most popular microprocessors with no extra hardware re- 
quirement. The interface has been also designed to simplify 
software development. 


III 


Instruction 
RAM 
(Read/Write) 
RP = 10 
RP = 01 
RP = 00 


Limits #2 
Limits #1 
Instruction. 


ADD = 0000 
ADD = 0000 
ADD = 0000 


ADD = 0001 
-, 
ADD = 0001 
ADD = 0001 


ADD = 0010 
ADD = 0010 
I 
ADD = 0010 


ADD = 0011 
- 
ADD = 0011 
ADD = 0011 


ADD = 0100 


, 


ADD = 0100 
ADD = 0100 


ADD = 0101 
ADD = 0101 
ADD = 0101 


ADD = 0110 


-- 
ADD = 0110 
ADD=0110 


" 


ADD = 0111 
ADD = 0111 
ADD = 0111 


RP = RAM Pointer 
ADD = A3, A2, Al, AO 


(Read/Write) 


ADD = 1000 


(Read/Write) 


ADD = 1001 


(Read Only) 


ADD = 1010 


(Read/Write) 


ADD = 1011 


CONVERSION FIFO 


(32 Locations, 
1 address) 


(Read Only) 


ADD = 1100 


(Read Only) 


LIMIT STATUS REGISTER 
1 
A_D_D_=_1_1_01 
_ 


FIGURE 8. LM12434 and LM12{ Ll438 User Accessible Registers 
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6.0 Operational Information 
(Continued) 


6.2 INTERNAL USER-ACCESSIBLE REGISTERS 


Figure 8 shows the LM12434 and LM12(L)438 internal user 
accessible registers. Figure 9 shows the bit assignment for 
each register. All the registers are accessible through the 
serial interface bus. Following are the descriptions of the 
registers and their bit assignments. 


6.2.1 Instruction 
RAM 


The instruction RAM holds up to eight sequentially execut- 
able instructions. Each 48-bit long instruction is divided into 
three 16-bit sections. READ and WRITE operations can be 
issued to each 16-bit section using the instruction's address 
and the 2-bil "RAM pointer" in the Configuration register. 
The eight instructions 
are located at addresses 0000 


through 0111. They can be accessed and programmed in 
random order. 


Read/Write Operations 
Any Instruction RAM READ or WRITE can affect the se- 
quencer's operation. 


Therefore, the Sequencer should be stopped by setting the 
RESET bit to a "1" or by resetting the START bit in the 
Configuration Register and waiting for the current instruction 
to finish execution before any Instruction RAM READ or 
WRITE is initiated. 
A soft RESET should be issued by writing a "1" to the Con- 
figuration Register's RESET bit after any READ or WRITE to 
the Instruction RAM. 
The three sections in the Instruction RAM are selected by 
the Configuration Register's 2-bit "RAM Pointer", bits D8 
and D9. The first 16-billnstruction 
RAM section is selected 


with the RAM Pointer equal to "00". This section can be 
programmed for multiplexer channel selection, conversion 
resolution, watchdog mode operation, timer or external 
SYNC use, pause in instruction and loop bit as described 
later. The second 16-bit section holds "watchdog" limit # 1, 
its sign, and a bit that determines whether an interrupt can 
be generated when the input is greater than or less than 
limit # 1. The third 16-bil section holds "watchdog" limit # 2, 
its sign, and the "greater than/less than" selection bit. 


Instruction 
RAM, Bank 1, RP = 00 


Bit 0 is the LOOP bit. After an instruction with Bit 0 set to a 
"1" is executed, the sequencer will loop back to instruction 
O.The next instruction to be executed will be instruction O. 
Bit 1 is the PAUSE bit. When the PAUSE bit is set ("1"), the 
Sequencer will stop after reading the current instruction. 
The instruction will not execute at this point, and the START 
bit in the Configuration register will reset to "0". Setting the 
PAUSE also causes an interrupt to be issued. The Sequenc- 
er is restarted by placing a "1" in the Configuration regis- 
ter's Bit 0 (Start bit). 


After the Instruction RAM has been programmed and the 
RESET bit is set to "1", the Sequencer retrieves Instruction 
0, decodes it, and waits for a "1" to be placed in the Config- 
uration register's START bit. The START bit value of "1" 
"overrides" the action of Instruction O's PAUSE bit when 
the Sequencer is started. Once started, the Sequencer exe- 
cutes Instruction 0 and retrieves, decodes, and executes 


each of the remaining instructions. With the PAUSE bit set 
to "1" in instruction 0, no PAUSE Interrupt (INT 5) is gener- 
ated the first time the Sequencer executes Instruction O. 
When the Sequencer encounters a LOOP bit or completes 
all eight instructions, Instruction 0 is retrieved and decoded. 
A set PAUSE bit in Instruction 0 now halts the Sequencer 
before the instruction is executed. If Pause = 0, the instruc- 
tion loop continues to execute. 
Bits 2-4 select which of the eight input channels (INO-IN7) 
will be the non-inverting inputs to the LM12(L)438's 
ADC. 


(See Table 111.) They select which of the four input channels 
(for 
INO-IN3) 
will 
be the 
non-inverting 
inputs to 
the 


LM12434's ADC. (See Table IV.) 
Bits 5-7 select which of the seven input channels (IN1 to 
IN7) will be the inverting inputs to the LM12(L)438 
ADC. 


(See Table 111.) They select which of the three input chan- 
nels (IN1-IN4) will be the inverting inputs to the LM12434's 
ADC. (See Table IV.) Fully differential operation is created 
by selecting two multiplexer channels, one non-inverting 
and the other inverting. A code of "000" selects ground as 
the inverting input for single ended operation. 
Bit 8 is the SYNC bit. Setting Bit 8 to "1" causes the Se- 
quencer to hold operation at the internal S/H's acquisition 
cycle and to wait until a rising edge appears at the SYNC 
pin. When a rising edge appears, the S/H goes into the 
"Hold" mode and the ADC begins to perform a conversion 
on the next rising edge of CLK. To make the SYNC pin 
serve as an input, the Configuration register's "SYNC I/O" 
bit (Bit 7) must be set to a "0". With SYNC configured as an 
input, it is possible to synchronize the start of a conversion 
to external events. When SYNC pin is defined as an output 
(SYNC I/O bit = 1) the SYNC bit in the instruction registers 
must not be set to 1. 
When the LM12434 and LM12(L)438 
are used in the 
"watchdog" mode with external synchronization, two rising 
edges on the SYNC input are required to initiate the two 
comparisons that are performed during a watchdog instruc- 
tion. The first rising edge initiates the comparison of the 
selected analog input signal with Limit # 1 (found in Instruc- 
tion RAM "01") and the second rising edge initiates the 
comparison of the same analog input signal with Limit # 2 
(found in Instruction RAM "10"). 
Bit 9 is the TIMER bit. When Bit 9 is set to "1", the Se- 
quencer will halt until the internal 16-bit Timer counts down 
to zero. During this time interval, no "watchdog" compari- 
sons or analog-to-digital conversions will be performed. 
Bit 10 selects the ADC conversion resolution. Setting Bit 10 
to "1" selects 8-bit + sign and resetting to "0" selects 12- 
bit + sign. 


Bit 11 is the "watchdog" 
comparison mode enable bit. 


When operating in the "watchdog" comparison mode, the 
selected analog input signal is compared with the program- 
mable values stored in Limit #1 and Limit #2 (see Instruc- 
tion RAM "01" and Instruction RAM "10"). Setting Bit 11 to 
"1" causes two comparisons of the selected analog input 
signal, one with each of the two stored limits. When Bit 11 is 
reset to "0", an 8-bit + sign or 12-bil + sign (depending on 
the state of Bit 10 of Instruction RAM "00") conversion of 
the input signal can take place. 


III 


A4 
A3 
A2 
Al 
Purpose 
Type 
0151 0141 0131 012 
011 
010 
09 
08 
07 
06 
I 
05 
04 
1 
03 
02 
01 
DO 


0 
0 
0 
0 


Instruction 
RAM 
R/W 
Acquisition 
S/HIN- 
S/HIN+ 
Watch- 
Sync 
Pause 
Loop 
to 
8/12 
Timer 
(RAM Pointer ~ 00) 
Time 
dog 
(MUXIN-)' 
(MUXIN+)' 
0 
1 
1 , 


0 
0 
0 
0 


Instruction RAM 
R/W 


to 
(RAM Pointer ~ 01) 
Don't Care 
>1< 
Sign 
Umit#1 


0 , 
1 , 


0 
0 
0 
0 
R/W 
Instruction 
RAM 
Don't Care 
>1< 
Sign 
Umit#2 
to 
(RAM Pointer ~ 10) 


0 , 
1 
1 


Configuration 
R/W 
Don't Care 
DIAGt 
Test 
RAM 
SYNC 
A/ZEach 
liS 
Stand- 
Full 
Auto- 
Reset 
Start 
1 
0 
0 
0 


Register 
~O 
Pointer 
1/0 
Cycle 
by 
CAL 
Zero 


R/W 
Number 
01 Conversion 
Instruction 
INT7 
X 
INT5 
INT4 
INT3 
INT2 
INT1 
INTO 


1 
0 
0 
1 
Interrupt 
Enable 
Results in FIFO to 
Number to 
Register 
Generate Interrupt (INT2) 
Generate 


Interrupt (INT1) 


R 
Number 
of Unread 
Instruction 
INST7 
X 
INST5 
INST4 
INST3 
INST2 
INST1 
INSTO 


1 
0 
1 
0 
Interrupt Status 
Conversion 
Results 
Number 


Register 
in FIFO 
being 


Executed 


1 
0 
1 
1 


Timer 
R/W 
Timer Presat High Byta 
Timer 
Preset 
Low Byte 


Register 


1 
1 
0 
0 


Instruction 


Conversion 
R 
Number or 
Sign 


Conversion 
Conversion 
Data: 
LSBs 
FIFO 
Extended 
Data: MSBs 


Sign 


1 
1 
0 
1 


UmitStatus 
R 


Limit #2: Status 
Limit # 1: Status 


Register 


'LM12434 
(Refer to Table IV). 
tLM121LI438 
only. Must be set to "0" for the LM12434. 
X No interrupt 
is associated 
with this bit. When 
programming 
the interrupt 
Enable 
Register, 
bit-6 is a don't care condition. 


6.0 Operational 
Information 
(Continued) 


CONFIGURATION 
REGISTER 
(Read/Write): 


Start: 0 stops 
the instruction 
execution. 
1 starts the instruction 
execution. 


Reset: 
When 
set to I, resets 
Start bit; also resets 
all the bits in status 
registers 
and resets the instruction 
pointer 
to 
zero. 
Dl 
will then automatically 
reset 
itself to zero after 2 clock 
pulses. 


Auto-Zero: 
When 
set \0 1 a long (8·cycle) 
auto·zero 
calibration 
cycle 
is performed. 


Full Calibration: 
When 
set to 1 a full calibration 
cycle 
(linearity 
and auto-zero) 
is performed. 


Standby: 
When 
set to 1 the chip goes 
to low-power 
standby 
mode. 
Resetting 
the 
bit will return 
the chip to active 
mode 
after a short delay. 


I/S: Instruction 
# or extended 
sign. 0 = Bits 13-15 
of the conversion 
result hold the instruction 
number 
to which the 
result 
belongs; 
1 = Bits 13-15 
of the result 
hold the extended 
sign bit. 


AlZ 
each Cycle: 
When 
set to 1 a short auto-zero 
cycle 
is performed 
before 
each 
conversion. 


Sync 
I/O: 
0 = Sync pin is input: 
1 = Sync pin is output. 


RAM Pointer: 
Selects 
the sections 
of the instruction 
RAM, 00 = Instruction,OI 
= Limits 
#1, 
10 = Limits 
#2. 


This bit is used for production 
testing 
and must be kept zero for normal 
operation. 


Diagnostic: 
When 
set to 1, the 
LMI2(L)438 
will perform 
a diagnostic 
conversion 
along 
with 
a properly 
selected 
instruction. 
This mode 
is not available 
on the LM12434. 


D15-D12: 
Don't 
Care. 


D6: 


D7: 


D9-D8: 


D10: 


D11: 


INSTRUCTION 
RAM (Read/Write): 


Instruction: 


D15 


DO: 
Loop: 0 = Go to next instruction; 
1 = Loop back to in instruction 
#0. 


D1: 
Pause: 0 = No pause; 
1 = Pause; don't do the instruction. 
The start bit in the Configuration 
register 
resets to 0 when 
a pause 
encountered; 
a 1 written 
to the Start bit restarts 
the instruction 
execution. 


D4-D2: 
MUXIN +: 
For the LMI2( 
Ll438, 
these bits select which 
input channel 
is connected 
to the ADC's 
non-inverting 
input. 


For the LM12434, 
they select 
which 
input channel 
is connected 
to MUXOUT 
+. 


D7-D5: 
MUXIN-: 
For the LM12(L)438, 
these 
bits select 
which 
input channel 
is connected 
to the ADC's 
inverting 
input. For 
the LM12434, 
they select 
which 
input channel 
is connected 
to MUXOUT -. 


D8: 
Sync: 
0 = 
Normal 
operation, 
internal 
timing, 
SYNC 
is an output. 
1 = 
SYNC 
is an input; 
S/H 
and 
conversion 
(comparison) 
timing 
are controlled 
by an external 
signal applied 
to SYNC 
pin. 


D9: 
Timer: 
0 = Timer 
is not used for this instruction; 
1 = Instruction 
execution 
does not begin until timer counts 
down to 
zero. 


Dl0: 


Dll: 


8/12: 
0 = 12-bit 
+ 
sign resolution. 
1 = 8-bit 
+ 
sign resolution. 


Watchdog: 
0 = Conventional 
conversion 
(no watchdog 
comparison); 
1 


sons. 


D15-DI2: 
Acquisition 
Time: 
Determines 
S/H 
acquisition 
time 


For 12-bit 
+ 
sign: (9+2D) 
clock 
cycles. 
For 8-bit 
+ 
sign: (2 + 
2D) clock 
cycles. 


Where 
D = Contents 
of D15-D12. 
For 12-biI 
+ 
sign: Choose 
D for D ;;" 0.45 x Rs[kOI 
x fCLK[MHz]. 


For 
8·bit 
+ 
sign: Choose 
D for D ;;" 0.36 x Rs[kO] 
x fCLK[MHz]. 
Where 
Rs = Input source 
resistance. 
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6.0 Operational Information 
(Continued) 


INSTRUCTION RAM (Read/Write): (Continued) 


Limits #1 & 2 


Limit: 8-bit limit value. 


Sign: Sign of limit value, 0 = Positive; 1 = Negative. 
>/ <: High Limit/Low limit. 0 = Inputs lower than limit generate interrupt, 1 
interrupt. 


015-010: 
Don't Care. 


07-00: 
08: 
09: 


Number of Conversion 


Results in FIFO to 


Generate 
Interrupt (INT2) 


Instruction Number 


to Generate 


Interrupt (INTI) 


Bits # 0 to 7 enable interrupt generation for the following conditions when the bit is set to 1. 
DO: 
INTO:Generates an interrupt when a limit is passed in watchdog mode. 
01: 
INT1: Generates an interrupt when the sequencer has loaded the instruction number contained in bits 010, 09, and 
08 of the Interrupt Enable register. 


02: 
INT2: Generates an interrupt when the number of conversion results in the FIFO is equal to the programmed value 
(015-011). 
03: 
INT3: Generates an interrupt when an auto·zero cycle is completed. 


04: 
INT4: Generates an interrupt when a full calibration cycle is completed. 


05: 
INT5: Generates an interrupt when a pause condition is encountered. 
06: 
This bit is a don't care condition. No interrupt is associated with this bit. 


07: 
INT7: Generates an interrupt when the chip is returned from standby and is ready for operation. 


010-08: 
Programmable instruction number used to generate an interrupt when that instruction has been reached. 
015-011: 
Programmable number of conversion results in the FIFO to generate an interrupt. 


TIMER REGISTER (Read/Write): 


~ 
014 I 
013 
012 
011 I 
010 
0909= 


N = Timer Preset Value 


The Timer delays the execution of an instruction if the Timer bit is set in that instruction. 
The time delay is: 
Delay = (32 x N) + 2 [Clock Cyclesl 


FIGURE 9. Bit Assignments for LM12434 and LM12(L1438Internal Registers (Continued) 


6.0 Operational 
Information 
(Continued) 


FIFO REGISTER (Read only): 


015 
I 
014 
I 
013 
012 
011 
I 
010 
I 
D9 
I 
08 
07 
I 
06 
05 
04 
03 
02 
01 
DO 


Instruction Number 
Sign 
Conversion 
Result 


or Extended Sign 
. 


011-00: 
Conversion Result: 


For 12-bit + sign: 12-bit result value 
For 
8-bit + sign: 011-04 
= result value, 03-00 
= 1110 
012: 
Sign: Conversion result sign bit. 0 = Positive, 1 = Negative 


015-013: 
Instruction number associated with the conversion result or the extended sign bit for 2's complement arithmetic. 
selected by bit 05 (Channel Mask) of the Configuration register. 


INTERRUPT STATUS REGISTER (Read only): 


015 
I 
014 
I 
013 
012 
011 
010 
I 
D9 
I 
08 
07 
DB 
05 
04 
03 
02 
01 
DO 


Number of Unread Results 
Instruction Number 
INST7 
X 
INST5 
INST4 
INST3 
INST2 
INSn 
INSTO 


in FIFO 
Being Executed 


Bits #0 to 7 are interrupt flags (vectors) that will be set to 1 when the following conditions occur. The bits are set to 1 whether 
the interrupt is enabled or disabled in the Interrupt Enable register. The bits are reset to 0 when the register is read. or by a 
device reset through the Configuration register. 
DO: 
INSTO:Is set to 1 when a limit is passed in watchdog mode. 


01: 
INST1: Is set to 1 when the sequencer has loaded the instruction number contained in bits D10. 09. and 08 of the 
Interrupt Enable register. 


02: 
INST2: Is set to 1 when number of conversion results in FIFO is equal to the programmed value (015-011) 
in the 


Interrupt Enable Register. 


03: 
INST3: Is set to 1 when an auto-zero cycle is completed. 


04: 
INST4: Is set to 1 when a full calibraton cycle is completed. 
05: 
INST5: Is set to 1 when a pause condition is encountered. 


06: 
Don't care. 


07: 
INST7: Is set to 1 when the chip is returned from standby and is ready. 
010-08: 
Holds the instruction number presently being executed or will be executed following a Pause or Timer delay. 


015-011: 
Holds the number of conversion results that have been put in the FIFO but that have not yet been read by the user. 


LIMIT STATUS REGISTER (Read only): 


015 
I 
014 
I 
013 
012 
011 
010 
I 
09 
I 
08 
07 
I 
DB 
05 
I 
04 
03 
02 
01 
DO 


Limit # 2: Status 
Limit # 1: Status 


The bits in this register are limit flags (vectors) that will be set to 1 when a limit is passed. The bits are associated to individual 
instruction limits as indicated below. 


DO: Limit #1 of Instruction #0 is passed. 
01: 
Limit # 1 of Instruction # 1 is passed. 


02: 
Limit # 1 of Instruction # 2 is passed. 
03: 
Limit # 1 of Instruction # 3 is passed. 


04: 
Limit # 1 of Instruction # 4 is passed. 


05: 
Limit # 1 of Instruction # 5 is passed. 
06: 
Limit #1 of Instruction #6 is passed. 


07: 
Limit # 1 of Instruction # 7 is passed. 


08: 
Limit #2 of Instruction #0 is passed. 


09: 
Limit # 2 of Instruction # 1 is passed. 


010: Limit # 2 of Instruction # 2 is passed. 
011: Limit #2 of Instruction #3 is passed. 
012: Limit #2 of Instruction #4 is passed. 


013: Limit # 2 of Instruction # 5 is passed. 


014: Limit #2 of Instruction #6 is passed. 
015: Limit #2 of Instruction #7 is passed. 


FIGURE 9. Bit Assignments for LM12434 and LM12{L)438 Internal Registers (Continued) 


I ne ::sequencerKeeps me Internal ::S/ H In me acqUisition 
The second Instruction RAM section is selected by placing 
mode for a fixed number of clock cycles (nine clock cycles, 
"01" in Bits 8 and 9 of the Configuration register. 


for 12-bit + sign conversions and two clock cycles for 8-bit 
Bits 0-7 hold "watchdog" limit •• 1. When Bit 11 of Instruc- 
+ 
sign conversions or "watchdog" 
comparisons) plus a 
tion 
RAM "00" 
is set 
to 
a 
"1", 
the 
LM12434 
and 
variable number of clock cycles equal to twice the value 
LM12{L)438 
performs a "watchdog" 
comparison of the 
stored in Bits 12-15. Thus, the 5/H's 
acquisition time is (9 
sampled analog input signal with the limit •• 1 value first, 
+ 2D) clock cycles for 12-bit + sign conversions and (2 + 
followed by a comparison of the same sampled analog input 
2D) clock cycles for 8-bit + sign conversions or "watch- 
signal with the value found in limit ••2 (Instruction RAM 
dog" comparisons, where D is the value stored in Bits 12- 
"10"). 
15. The minimum acquisition time compensates for the typi- 
cal internal multiplexer series resistance of 2 kO, and any 
Bit 8 holds limit" 
1's sign. 


additional delay created by Bits 12-15 
compensates for 
Bit 9's state determines the limit condition that generates a 
source resistances greater than 600 (800). The necessary 
"watchdog" interrupt. A "1" causes a voltage greater than 
acquisition time is determined by the source impedance at 
limit ••1 to generate an interrupt, while a "0" causes a volt- 
the multiplexer input. If the source resistance Rs < 600 
age less than limit ••1 to generate an interrupt. 


and the clock frequency is 8 MHz, the value stored in bits 
Bits 10-15 are not used. 


12-15 (D) can be 0000. If Rs > 600, the following equa- 
Instruction 
RAM, Bank 3, RP = 10 
tions 
determine 
the 
value 
that 
should 
be 
stored 
in 
bits 12-15. 
The third Instruction RAM section is selected by placing 
D = 0.45 x Rs x fCLK 
"10" in Bits 8 and 9 of the Configuration register. 


for 12-bits + sign 
Bits 0-7 hold "watchdog" limit ••2. When Bit 11 of Instruc- 
D = 0.36 x Rs x fCLK 
tion 
RAM "00" 
is set to 
a 
"1", 
the 
LM12434 
and 
for 8-bits + sign and "watchdog" 
LM12(L)438 
performs a "watchdog" 
comparison of the 
Rs is in kO and fCLKis in MHz. Round the result to the next 
sampled analog input signal with the limit ••1 value first (In- 
higher integer value. If the value of 0 obtained from the 
struction RAM "01 "), followed by a comparison of the same 
expressions above is greater than 15, it is advisable to lower 
sampled analog input signal with the value found in limit ••2. 


the source impedance by using an analog buffer between 
Bit 8 holds limit "2's 
sign. 
the signal source and the LM12{L)438's 
multiplexer inputs. 
Bit 9's state determines the limit condition that generates a 
The value of D can also be used to compensate for the 
"watchdog" interrupt. A "1" causes a voltage greater than 
settling or response time of external processing circuits con- 
limit ••2 to generate an interrupt, while a "0" causes a volt- 
nected between the LM12434's MUXOUT and 8/H 
IN pins. 
age less than limit ••2 to generate an interrupt. 


Bits 10-15 are not used. 


TABLE III. LM12{L )438 Operating Mode Input Channel Selection through Input Multiplexer 


Normal Operating Mode 


Non-Inverting 
Input 
Input Channel to Be 
Inverting Input 
Input Channel to Be 
Channel Selection Bits 
Connected to AID 
Channel Selection Bits 
Connected to AID 
In Instruction 
Register 
Non-Inverting 
Input 
In Instruction 
Register 
Inverting Input 
04,03,02 
(IN+) 
07,06,05 
(IN-) 


000 
INO 
000 
GND 


001 
IN1 
001 
IN1 


010 
IN2 
010 
IN2 


011 
IN3 
011 
IN3 


100 
IN4 
100 
IN4 


101 
IN5 
101 
IN5 


110 
IN6 
110 
IN6 


111 
IN7 
111 
IN7 
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TABLE IV. LM12434 Input Channel Selection through Input Multiplexer 


Normal Operating Mode 


Non-Inverting 
Input 
Input Channel to Be 
Inverting Input 
Input Channel to Be 
Channel Selection Bits 
Connected to MUX 
Channel Selection Bits 
Connected to MUX 
In Instruction 
Register 
Non-Inverting Output 
In Instruction 
Register 
Inverting Output 
04,03,02 
(MUXOUT+) 
07,06, 
D5 
(MUXOUT-) 


000 
INO 
000 
GND 


001 
IN1 
001 
IN1 


010 
IN2 
010 
IN2 


011 
IN3 
011 
IN3 


1XX 
None 
1XX 
.. 
None 


TABLE V. LM12(L)438 Diagnostic Mode Input Channel Selection through Input Multiplexer 


Diagnostic Mode 


Non-Inverting 
Input 
Input Channel to Be 
Inverting Input 
Input Channel to Be 
Channel Selection Bits 
Connected to AID 
Channel Selection Bits 
Connected to AID 
In Instruction 
Register 
Non-Inverting 
Input 
In Instruction 
Register 
Inverting Input 
04,03,02 
(IN+) 
07,06,05 
(IN-) 


000 
None 
000 
None 


001 
VREF+ 
001 
VREF- 


010 
IN2 
010 
IN2 


011 
IN3 
011 
IN3 
, 


100 
IN4 
100 
IN4 


101 
.' 
IN5 
101 
IN5 


110 
IN6 
110 
IN6 


111 
IN7 
111 
IN7 
II 
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6.2.2 Configuration 
Register 
The Configuration register is a 16-bit control register with 
read/write 
capability. 
It 
acts 
as 
the 
LM12434's 
and 
LM12{L)438's 
"control panel" holding global information 
as well as start/stop, reset, self-calibration, and stand-by 
commands. 
Bit 0 is the START/STOP bit. Reading Bit 0 returns an indi- 
cation of the Sequencer's status. A "0" indicates that the 
Sequencer is stopped and waiting to execute the next in- 
struction. A "1" shows that the Sequencer is running. Writ- 
ing a "0" halts the Sequencer when the current instruction 
has finished execution. The next instruction to be executed 
is pointed to by the instruction pointer found in the status 
register. Writing a "1" to Bit 0 restarts the Sequencer with 
the instruction currently pointed to by the instruction pointer. 
(See Bits 8-10 in the Interrupt Status register.) 
Bit 1 is the DAS' system RESET bit. Writing a "1" to Bit 1 
stops the sequencer (resetting the Configuration register's 
START/STOP bit), resets the Instruction pointer to "000" 
(found in the Interrupt Status register), clears the Conver- 
sion FIFO, and resets all interrupt flags. The RESET bit will 
return to "0" after two clock cycles unless it is forced high 
by writing a "1" into the Configuration register's Standby bit. 
A reset signal is internally generated when power is first 
applied to the part. No operation should be started until the 
RESET bit is "0". 


Bit 2 is the auto-zero bit. Writing a "1" to this bit initiates an 
auto-zero offset voltage calibration. Unlike the eight-sample 
auto-zero calibration performed during the full calibration 
procedure, Bit 2 initiates a "short" auto-zero by sampling 
the offset once and creating a correction coefficient (full 
calibration averages eight samples of the converter offset 
voltage when creating a correction coefficient). If the Se- 
quencer is running when Bit 2 is set to "1", an auto-zero 
starts immediately after the conclusion of the currently run- 
ning instruction. Bit 2 is reset automatically to a "0" and an 
interrupt flag (Bit 3, in the Interrupt Status register) is set at 
the end of the auto-zero (76 clock cycles). After completion 
of an auto-zero calibration, the Sequencer fetches the next 
instruction as pointed to by the Instruction RAM's pointer 
and resumes execution. If the Sequencer is stopped, an 
auto-zero is performed immediately at the time requested. 
Bit 3 is the calibration bit. Writing a "1" to this bit initiates a 
complete calibration process that includes a "long" auto- 
zero offset voltage correction (this calibration averages 
eight samples of the comparator offset voltage when creat- 
ing a correction coefficient) followed by an ADC linearity 
calibration. This complete calibration is started after the cur- 
rently running instruction is completed if the Sequencer is 
running when Bit 3 is set to "1". Bit 3 is reset automatically 
to a "0" and an interrupt flag (Bit 4, in the Interrupt Status 
register) will be generated at the end of the calibration pro- 
cedure (4944 clock cycles). After completion of a full auto- 
zero and linearity calibration, the Sequencer fetches the 
next instruction as pointed to by the Instruction RAM's 
pointer and resumes execution. If the Sequencer is stopped, 
a full calibration is performed immediately at the time re- 
quested. 
Bit 4 is the Standby bit. Writing a "1" to Bit 4 immediately 
places the DAS in Standby mode. Normal operation returns 
when Bit 4 is reset to a "0". The Standby command ("1") 
disconnects the external clock from the internal circuitry, 
decreases 
the 
LM12434 
and 
LM12(L)438's 
internal 


analog circuitry power supply current, and preserves all in- 
ternal RAM contents. After writing a "0" to the Standby bit, 
the DAS returns to an operating state identical to that 
caused by exercising the RESET bit. A Standby completion 
interrupt is issued after a power-up delay to allow the analog 
circuitry to settle. The Sequencer should be restarted only 
after the Standby completion interrupt is issued (see Note 
22). The Instruction RAM can still be accessed through read 
and write operations while the LM12434 and LM12{L)438 
are in Standby Mode. 
Bit 5 is the Channel Address Mask. If Bit 5 is set to a "1", 
Bits 13-15 in the conversion FIFO will be equal to the sign 
bit (Bit 12) of the conversion data. Resetting Bit 5 to a "0" 
causes conversion data Bits 13 through 15 to hold the in- 
struction pointer value of the instruction to which the con- 
version data belongs. 
Bit 6 selects a "short" auto-zero correction for every con- 
version. The Sequencer automatically inserts an auto-zero 
before every conversion or "watchdog" comparison if Bit 6 
is set to "1". No automatic correction will be performed if Bit 
6 is reset to "0". 


The DAS' offset voltage, after calibration, has a typical drift 
of 0.1 LSB over a temperature range of -40·C 
to + 85·C. 
This small drift is less than the variability of the change in 
offset that can occur when using the auto-zero correction 
with each conversion. This variability is the result of using 
only one sample of the offset voltage to create a correction 
value. This variability decreases when using the full calibra- 
tion mode because eight samples of the offset voltage are 
taken, averaged, and used to create a correction value. 
Therefore, it is recommended that this mode not be used. 
Bit 7 programs the SYNC pin (29) to operate as either an 
input or an output. The SYNC pin becomes an output when 
Bit 7 is a "1" and an input when Bit 7 is a "0". With SYNC 
programmed as an input, the rising edge of any logic signal 
applied to pin 29 will start a conversion or "watchdog" com- 
parison. Programmed as an output, the logic level at pin 29 
will go high at the start of a conversion or "watchdog" com- 
parison and remain high until either have finished. See In- 
struction RAM "00", Bit 8. 


Bits 8 and 9 form the RAM Pointer that is used to select 
each of a 48-bit instruction's three 16-bit sections during 
read or write actions. A "00" selects Instruction RAM sec- 
tion one, "01" selects section two, and "10" selects section 
three. 
Bit 10 activates the Test mode that is used only during pro- 
duction testing. Always write "0" in this bit when program- 
ming the Instruction Register. 
Bit 11 is the Diagnostic bit and is available only in the 
LM12(L)438. It can be activated by setting it to a "1". The 
Diagnostic mode, along with a properly chosen instruction, 
allows verification that the LM12(L)438's 
ADC is perform- 
ing correctly. When activated, the inverting and non-invert- 
ing inputs are connected as shown in Table V. As an exam- 
ple, an instruction with "001" for both IN+ and IN- 
while 
using the Diagnostic mode typically results in a full-scale 
output. 


6.2.3 Interrupts 


The LM12434 and LM12(L)438 have seven possible inter- 
rupts, all with the same priority. Any of these interrupts will 
cause a hardware interrupt to appear on the INT pin (31) if 
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they are not masked 
(by the Interrupt 
Enable 
register). 
The 
Interrupt 
Status 
register 
is then 
read to determine 
which 
of 


the seven 
interrupts 
has been 
issued. 


The Interrupt 
Status 
register 
must be cleared 
by reading 
it 
after 
writing 
to the 
Interrupt 
Enable 
register. 
This 
removes 


any spurious 
interrupts 
on the INT pin generated 
during 
an 
Interrupt 
Enable 
register 
access. 


Interrupt 
0 is generated 
whenever 
the analog 
input voltage 


on a selected 
multiplexer 
channel 
crosses 
a limit while 
the 


LM12434 
and 
LM12(L)438 
are 
operating 
in the 
"watch- 
dog" 
comparison 
mode. 
Two 
sequential 
comparisons 
are 
made when the LM12434 
and LM12(L)438 
are executing 
a 


"watchdog" 
instruction. 
Depending 
on the logic state of Bit 


9 in the 
Instruction 
RAM's 
second 
and 
third 
sections, 
an 
interrupt 
will 
be generated 
either 
when 
the 
input 
signal's 
magnitude 
is greater 
than 
or less than 
the 
programmable 


limits. (See the Instruction 
RAM, Bit 9 description.) 
The Limit 


Status 
register 
will indicate 
which 
preprogrammed 
limit (/I 1 


or 
/I 2) was 
crossed, 
and which 
instruction 
was 
executing 


when 
the limit was crossed. 


Interrupt 
1 is generated 
when 
the Sequencer 
reaches 
the 
instruction 
counter 
value 
specified 
in the 
Interrupt 
Enable 


register's 
bits 
8-10. 
This 
flag 
appears 
before 
the 
instruc- 


tion's 
execution. 
Instructions 
continue 
to execute 
as pro- 


grammed. 


Interrupt 
2 is activated 
when 
the Conversion 
FIFO holds a 


number 
of conversions 
equal 
to the 
programmable 
value 


stored 
in the 
Interrupt 
Enable 
register's 
Bits 
11-15. 
This 


value 
ranges 
from 
00000 
to 
11111, 
with 
00001 
to 
11111 


representing 
1 to 31 conversions 
stored 
in the 
FIFO, 
and 


00000 
generating 
an 
interrupt 
after 
32 
conversions. 
See 
Section 
6.2.8 for more 
FIFO information. 


The completion 
of the short, 
single-sampled 
auto-zero 
cali- 


bration 
generates 
Interrupt 
3. 


The completion 
of a full auto-zero 
and linearity 
self-calibra- 


tion generates 
Interrupt 
4. 


Interrupt 
5 is generated 
when 
the 
Sequencer 
encounters 


an instruction 
that has its Pause bit (Bit 1 in Instruction 
RAM 


"00") 
set to "1". 


Interrupt 
7 is issued 
after 
a short 
delay 
(10 ms typ) while 
the DAS returns 
from Standby 
mode to active 
operation 
us- 


ing the Configuration 
register's 
Bit 4. This short delay allows 


the 
internal 
analog 
circuitry 
to settle 
sufficiently, 
ensuring 


accurate 
conversion 
results 
(see Note 22). 


6.2.4 Interrupt 
Enable 
Register 


The 
Interrupt 
Enable 
register 
at 
address 
location 
1001 
has READ/WRITE 
capability. 
An individual 
interrupt's 
ability 


to produce 
an external 
interrupt 
at pin 31 (INT) is accom- 
plished 
by placing 
a "1" 
in the appropriate 
bit location. 
Any 


of the 
internal 
interrupt-producing 
operations 
will set their 


corresponding 
bits to "1" 
in the Interrupt 
Status 
register 
re- 


gardless 
of the state 
of the associated 
bit in the 
Interrupt 


Enable 
register. 
See Section 
2.3 for more information 
about 


each of the eight internal 
interrupts. 


Bit 0 enables 
an external 
interrupt 
when an internal 
"watch- 


dog" 
comparison 
limit interrupt 
has taken 
place. 


Bit 1 enables 
an external 
interrupt 
when the Sequencer 
has 


reached 
the 
address 
stored 
in Bits 
8-10 
of the 
Interrupt 


Enable 
register. 


Bit 
2 enables 
an external 
interrupt 
when 
the 
Conversion 


FIFO's 
limit, 
stored 
in Bits 
11-15 
of the 
Interrupt 
Enable 


register, 
has been reached. 


Bit 3 enables 
an external 
interrupt 
when the single-sampled 
auto-zero 
calibration 
has been completed. 


Bit 4 enables 
an external 
interrupt 
when a full auto-zero 
and 


linearity 
self-calibration 
has been completed. 


Bit 5 enables 
an external 
interrupt 
when 
an internal 
Pause 
interrupt 
has been generated. 


Bit 6 don't 
care condition. 


Bit 7 enables 
an external 
interrupt 
when 
the LM12434 
and 
LM12(L)438 
returns 
from 
standby 
to 
active 
mode 
(see 


Note 22). 


Bits 8-10 
form the storage 
location 
of the user-programma- 


ble value 
against 
which 
the 
Sequencer's 
address 
is com- 


pared. 
When 
the 
Sequencer 
reaches 
an 
address 
that 
is 


equal to the value 
stored 
in Bits 8-10, 
an internal 
interrupt 
is generated 
and 
appears 
in Bit 1 of the 
Interrupt 
Status 


register. 
If Bit 1 of the Interrupt 
Enable 
register 
is set to "1", 


an external 
interrupt 
will appear 
at pin 31 (INT). 


The value 
stored 
in bits 8-10 
ranges 
from 
000 to 111, rep- 


resenting 
1 to 8 instructions 
stored 
in the Instruction 
RAM. 


After 
the 
Instruction 
RAM 
has been 
programmed 
and the 


RESET 
bit is set to "1", 
the Sequencer 
is started 
by placing 


a "1" 
in the Configuration 
register's 
START 
bit. Setting 
the 


INT 1 trigger 
value to 000 does 
not 
generate 
an INT 1 the 


first 
time the Sequencer 
retrieves 
and decodes 
Instruction 


000. The Sequencer 
generates 
INT 1 (by placing 
a "1" 
in 


the 
Interrupt 
Status 
register's 
Bit 1) the second 
time 
and 
every 
subsequent 
time 
that 
the Sequencer 
encounters 
In- 
struction 
000. It is important 
to remember 
that the Sequenc- 


er continues 
to operate 
even if an Instruction 
interrupt 
(INT 


1) is internally 
or externally 
generated. 
The 
only 
mecha- 


nisms 
that 
stop 
the Sequencer 
are an instruction 
with 
the 


PAUSE 
bit set to "1" 
(halts 
before 
instruction 
execution), 


placing 
a "0" 
in the Configuration 
register's 
START 
bit, or 


placing 
a "1" 
in the Configuration 
register's 
RESET 
bit. 


Bits 
11-15 
hold the 
number 
of conversions 
that 
must 
be 


stored 
in the Conversion 
FIFO in order to generate 
an inter- 


nal interrupt. 
This 
internal 
interrupt 
appears 
in Bit 2 of the 


Interrupt 
Status 
register. 
If Bit 2 of the Interrupt 
Enable 
reg- 


ister is set to "1", 
an external 
interrupt 
will appear 
at pin 31 


(INT). 


6.2.5 Interrupt 
Status 
Register 


This read-only 
register 
is located 
at address 
1010. The cor- 
responding 
flag 
in the 
Interrupt 
Status 
register 
goes 
high 
("1 ") 
any 
time 
that 
an 
interrupt 
condition 
takes 
place, 


whether 
an interrupt 
is enabled 
or disabled 
in the Interrupt 


Enable 
register. 
Any of the active 
("1 ") Interrupt 
Status 
reg- 
ister flags are reset to "0" 
whenever 
this register 
is read or 


a device 
reset is issued 
(see Bit 1 in the Configuration 
Reg- 


ister). 


Bit 
0 is set to 
"1" 
when 
a "watchdog" 
comparison 
limit 


interrupt 
has taken 
place. 


Bit 
1 is set to "1" 
when 
the 
Sequencer 
has reached 
the 


address 
stored 
in Bits 8-10 
of the Interrupt 
Enable 
register. 


Bit 2 is set to "1" 
when the Conversion 
FIFO's 
limit, stored 


in Bits 
11 -15 
of the 
Interrupt 
Enable 
register, 
has 
been 


reached. 


Bit 3 is set to "1" 
when 
the single-sampled 
auto-zero 
has 


been completed. 


Bit 4 is set to "1" 
when 
an auto-zero 
and full linearity 
self- 


calibration 
has been completed. 


Bit 5 is set to "1" 
when a Pause interrupt 
has been generat- 


ed. 


• 
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Bit 6 no interrupt 
is associated 
with this bit. Don't 
care con- 
dition. 
Bit 7 is set to "1" 
when 
the DAS returns 
from 
standby 
to 
active 
mode 
(see Note 22). 


Bits 8-10 hold the Sequencer's 
current 
instruction 
number 
while 
it is running. 


Bits 11-15 
hold the current 
number 
of conversion 
results 
stored 
in FIFO 
but have 
not been 
read by the 
user. After 
each 
conversion, 
the result 
will be stored 
in the FIFO and 
the contents 
of these 
bits incremented 
by one. Each single 
read from 
FIFO 
decrements 
the contents 
of these 
bits by 
one. If more than 32 conversion 
results 
being stored 
in FIFO 
the 
numbers 
on 
these 
bits 
roll 
over 
from 
"11111" 
to 


"00000" 
and continue 
incrementing. 
If reads are performed 


from FIFO more than the number 
of conversions 
stored 
in it, 
the 
contents 
of 
these 
bits 
roll 
back 
from 
"00000" 
to 


"11111" 
and continue 
decrementing. 


6.2.6 Limit Status 
Register 


This read-only 
register 
is located 
at address 
1101. This reg- 
ister is used in tandem 
with the Limit # 1 and Limit # 2 regis- 
ters in the Instruction 
RAM. Whenever 
a given 
instruction's 
input voltage 
exceeds 
the limit set in its corresponding 
Limit 
register 
(# 1 or # 2) a bit corresponding 
to the 
instruction 
number 
is set in the Limit Status 
register. 
Any of the active 
("1") 
Limit Status 
flags are reset to "0" 
whenever 
this regis- 
ter is read or a device 
reset is issued 
(see Bit 1 in the Con- 
figuration 
register). 
This 
register 
holds 
the 
status 
of limits 


# 1 and 
# 2 for each of the eight instructions. 


Bits 0-7 show the Limit # 1 status. 
Each bit will be set high 
("1") 
when the corresponding 
instruction's 
input voltage 
ex- 
ceeds 
the threshold 
stored 
in the instruction's 
Limit 
# 1 reg- 
ister. When, 
for example, 
instruction 
3 is a "watchdog" 
op- 
eration 
(Bit 
11 is set 
high) 
and 
the 
input 
for instruction 
3 
meets 
the magnitude 
and/or 
polarity 
data stored 
in instruc- 
tion 3's Limit 
# 1 register, 
Bit 3 in the Limit Status 
register 
will be set to a "1". 


Bits 8-15 show 
the 
Limit 
#2 
status. 
Each 
bit will be set 
high ("1") 
when 
the corresponding 
instruction's 
input volt- 
age exceeds 
the threshold 
stored 
in the instruction's 
Limit 


#2 
register. 
When, 
for example, 
the 
input to instruction 
6 
meets 
the value 
stored 
in instruction 
6's Limit 
# 2 register, 
Bit 14 in the Limit Status 
register 
will be set to a "1". 


6.2.7 Timer 


The 
LM12434 
and 
LM12(L)438 
have 
an on-board 
16-bit 
timer that includes 
a 5-bit pre-scaler. 
It uses the clock 
signal 
applied 
to pin 23 as its input. 
It can generate 
time intervals 
of 0 through 
221 clock 
cycles 
in steps of 25. This time inter- 
val can be used to delay the execution 
of instructions. 
It can 
also 
be used to slow 
the conversion 
rate when 
converting 
slowly 
changing 
signals. 
This can reduce 
the amount 
of re- 
dundant 
data stored 
in the FIFO and retrieved 
by the con- 
troller. 


The user-defined 
timing value used by the Timer is stored 
in 
the 16-bit READ/WRITE 
Timer register 
at location 
1011 and 


is pre-loaded 
automatically. 
Bits 0-7 
hold the preset value's 
low 
byte 
and 
Bits 
8-15 
hold 
the 
high 
byte. 
The 
Timer 
is 


activated 
by the Sequencer 
only if the current 
instruction's 
Bit 
9 
is set 
("1"). 
If the 
equivalent 
decimal 
value 
"N" 
(0 ,;; N ,;; 216 - 
1) is written 
inside the 16-bit Timer 
register 
and the Timer is enabled 
by setting 
an instruction's 
bit 9 to a 
"1", 
the Sequencer 
will delay that instruction's 
execution 
by 
halting at state 3 (S3), as shown 
in Figure 
11, for 32 X N + 
2 clock 
cycles. 


6.2.8 FIFO 


The result 
of each conversion 
is stored 
in an internal 
read- 
only 
FIFO 
(First-In, 
First-Out) 
register. 
It is located 
at ad- 


dress 
1100. This register 
has 32 16-bit wide locations. 
Each 
location 
holds 
13 bits of conversion 
data. Bits 0-3 
hold the 
four LSBs in the 12 bits + sign mode or "1110" 
in the 8 bits 
+ sign 
mode. 
Bits 4-11 
hold 
the 
eight 
MSBs 
and 
Bit 12 
holds 
the sign bit. Bits 13-15 
can hold either 
the sign bit, 


extending 
the register's 
two's 
complement 
data format 
to a 
full sixteen 
bits or the instruction 
address 
that generated 
the 
conversion 
and the resulting 
data. These 
modes 
are select- 
ed according 
to the 
logic 
state 
of the Configuration 
regis- 
ter's 
Bit 5. 


The FIFO status should 
be read in the Interrupt 
Status 
regis- 
ter (Bits 11 -15) 
to determine 
the number 
of conversion 
re- 
sults that are held in the FIFO before 
retrieving 
them. 
This 
will help prevent 
conversion 
data corruption 
that 
may take 
place if the number 
of reads are greater 
than the number 
of 
conversion 
results 
contained 
in the FIFO. Trying to read the 
FIFO when 
it is empty 
may corrupt 
new data 
being 
written 
into the FIFO. Writing 
more than 32 conversion 
results 
into 
the FIFO by the ADC results 
in loss of the first conversion 
results. 
Therefore, 
to prevent 
data loss, it is recommended 
that the LM12434 
and LM12(L)438's 
interrupt 
capability 
be 
used to inform 
the system 
controller 
that the FIFO is full. 


Bits 0-12 hold 12-bit + sign conversion 
data. Bits 0-3 will 
be 1110 when 
using 8-bit plus sign resolution. 


Bits 13-15 
hold 
either 
the 
instruction 
responsible 
for the 
associated 
conversion 
data 
or the sign bit. Either 
mode 
is 
selected 
with Bit 5 in the Configuration 
register. 


Using the FIFO's 
full depth 
is achieved 
as follows. 
Set the 
value 
of 
the 
Interrupt 
Enable 
registers's 
Bits 
11-15 
to 
00000 and the Interrupt 
Enable 
register's 
Bit 2 to a "1". 
This 
generates 
an external 
interrupt 
when the 31 st conversion 
is 
stored 
in the FIFO. This gives the host processor 
a chance 
to send a "0" 
to the LM12434 
and LM12(L)438's 
Start 
bit 
(Configuration 
register) 
and 
halt 
the 
ADC 
before 
it com- 
pletes 
the 32nd conversion. 
The Sequencer 
halts after the 
current 
(32) conversion 
is completed. 
The conversion 
data 
is then transferred 
to the FIFO and occupies 
the 32nd loca- 
tion. 
FIFO 
overflow 
is avoided 
if the 
Sequencer 
is halted 
before 
the start of the 32nd conversion 
by placing 
a "0" 
in 
the 
Start 
bit (Configuration 
register). 
It is important 
to re- 
member 
that the Sequencer 
continues 
to operate 
even 
If 
a FIFO Interrupt 
(INT 2) Is Internally 
or externally 
gener- 
ated. The only mechanisms 
that stop the Sequencer 
are an 
instruction 
with the 
PAUSE 
bit set to "1" 
(halts 
before 
in- 
struction 
execution), 
placing 
a "0" 
in the Configuration 
reg- 
ister's 
START 
bit, or placing 
a "1" 
in the Configuration 
reg- 
ister's 
RESET 
bit. 


6.0 Operational 
Information 
(Continued) 


6.3 INSTRUCTION 
SEQUENCER 


The Sequencer 
uses a 3-bit counter 
(Instruction 
Pointer, 
or 
IP) to 
retrieve 
the 
programmable 
conversion 
instructions 
stored 
in the 
Instruction 
RAM. 
The counter 
is reset 
to 000 
during 
chip 
reset 
or if the current 
executed 
instruction 
has 
its Loop 
bit (Bit 
1 in any 
Instruction 
RAM 
"00") 
set 
high 
("1"). 
It increments 
at the 
end 
of the 
currently 
executed 
instruction 
and points 
to the next instruction. 
It will continue 
to increment 
up to 111 unless 
an instruction's 
Loop 
bit is 
set. If this bit is set, the counter 
resets 
to "000" 
and execu- 
tion begins 
again with the first instruction. 
If all instructions 
have their Loop bit reset to "0", 
the Sequencer 
will execute 
all eight instructions 
continuously. 
Therefore, 
it is important 
to 
realize 
that 
if 
less 
than 
eight 
instructions 
are 
pro- 
grammed, 
the 
Loop 
bit on the last instruction 
must be set. 


Leaving 
this bit reset 
to "0" 
allows 
the Sequencer 
to exe- 
cute "unprogrammed" 
instructions, 
the results 
of which 
may 
be unpredictable. 


The 
Sequencer's 
Instruction 
Pointer 
value 
is readable 
at 
any time 
and 
is found 
in the 
Status 
register 
at Bits 8-10. 


Figure 10 illustrates 
the 
instruction 
execution 
flow 
as per- 
formed 
by the 
sequencer. 
The Sequencer 
can go through 
eight states 
during 
instruction 
execution: 


State 
0: The 
current 
instruction's 
first 
16 bits 
are 
read 
from the Instruction 
RAM "00". 
This state is one clock cycle 
long. 


State 
1: Checks 
the state of the Calibration 
and Start bits. 
This is the "rest" 
state whenever 
the Sequencer 
is stopped 
using the reset, 
a Pause command, 
or the Start bit is reset 
low ("0"). 
When the Start bit is set to a "1", 
this state is one 
clock 
cycle 
long. 


State 2: Perform 
calibration. 
If bit 2 or bit 6 of the Configu- 
ration register 
is set to a "1 ", state 2 is 76 clock cycles 
long. 


If the Configuration 
register's 
bit 3 is set to a "1 ", state 2 is 
4944 
clock 
cycles 
long. 


State 
3: Run 
the 
internal 
16-bil 
Timer. 
The 
number 
of 
clock 
cycles 
for 
this 
state 
varies 
according 
to 
the 
value 
stored 
in the Timer 
register. 
The number 
of clock 
cycles 
is 
found 
by using the expression 
below 


32T+2 


where 
0 ,;; T ,;; 216 -1. 


State 
7: Sample 
the input signal and read Limit If 1's val- 
ue if needed. 
The number 
of clock 
cycles 
for acquiring 
the 
input signal 
in the 12-bit 
+ 
sign mode varies 
according 
to 


9 + 2D 


where 
D is the user-programmable 
4-bit value 
stored 
in bits 
12-15 
of Instruction 
RAM 
"00" 
and is limited 
to 0 ,;; D ,;; 


15. 


The number 
of clock 
cycles 
for acquiring 
the input signal 
in 
the 8-bit 
+ 
sign or "watchdog" 
mode varies 
according 
to 


2 + 2D 


State 
6: Perform 
first watchdog 
comparison. 
This state is 
5 clock 
cycles 
long. 


State 
4: Read 
Limit If 2. This state 
is 1 clock 
cycle 
long. 


State 
5: Perform 
a conversion 
or second 
watchdog 
com- 
parison. 
This state takes 
44 clock 
cycles 
for a 12-bit 
+ 
sign 
conversions 
or 21 clock 
cycles 
for a 8-bit 
+ 
sign 
conver- 
sions. The "watchdog" 
comparison 
mode takes 
5 clock 
cy- 
cles. 


III 


• 
Store 
Convenion 
Results 
in FIFO 


• Increment 
Content! 
of Bits 
12-15 
in Interrupt 
Status 
Register 


• Set 
Interrupt 
Flags 
if Condition 
has 
occurred 


7.0 Digital Interface 
In order to read from or write to the registers of the 
LM12434 and LM12(L)438 
a very flexible serial synchro- 
nous interface is provided. Communication between the 
LM12434 and LM12(L}438 
and microcontrollers, micro- 
processors and other circuitry is accomplished through this 
serial interface. The serial interface is designed to directly 
communicate with synchronous serial interface of the most 
popular microprocessors and 12Cserial protocol with no ad- 
ditional hardware required. The interface has been also de- 
signed to accommodate easy and straightforward software 
programming. 
The LM12434 and LM12{L)438 
supports four selectable 
protocols as shown in Table VI. The MOOESEL1 and 
MOOESEL2 inputs select the desired protocol. These pins 
are normally hardwired for a selected protOCOl,but they can 
also be controlled by the system in case a protocol change 
within the system is required. P1-P5 are multi-function seri- 
al interface input or output pins that have different assign- 
ments depending on the selected interface mode. 
The "Standard" interface mode uses a simple shift register 
type of serial data transfer. It supports several microcontrol- 
lers' serial synchronous protocols, including: National Semi- 
conductor's MICROWIRE/PLUS, Motorola's SPI,aSPI, and 
Hitachi's synchronous SCI. Section 7.1.1 shows general 
block diagrams of how the serial OAS, configured in the 
Standard Interface Mode, can be connected to the HPCand 
68HC11. Also, detailed assembly routines are included for 
single writes, single reads and burst read operations. 
The "8051" mode supports the synchronous serial interface 
of the 8051 family of microcontrollers (8051 serial interface 
Mode 0). It is also compatible with the serial interface in the 
MCS-96 family of 16-bit microcontrollers. Section 7.2.1 
shows a general block diagram of how the serial OAS, con- 
figured in the 8051 Interface Modes can be connected to 
the 8051 family of ",Cs. Also, detailed assembly routines for 
a single write, single read and burst read operations are 
included. 
The "TMS320" mode is designed to directly interact with 
the serial interface of the TMS320C3x and TMS320C5x 
families of digital signal processors. This interface is also 
compatible 
with 
the 
similar 
serial 
interfaces 
on 
the 
OSP56000 and the AOSP2100 families of OSP processors. 
Section 7.3.1 shows a general block diagram of how the 
serial OAS, configured in the TMS320 interface mode, can 
be connected to the TMS320C3x family of OSPprocessors. 
Also, detailed assembly routines for a single write, single 
read and burst read operations are included. 


The "12C" mode supports the Philips' 12Cbus specification 
for both the standard (100 kHz maximum data rate) and the 
fast (400 kHz maximum data rate) modes of operation. The 
OAS behaves as a slave device on the 12Cbus and receives 
and transmits the information under the control of a bus 
master. Section 7.4.1 shows a general block diagram of 
how the serial OAS, configured in the 12CInterface mode, 
can be connected to an 12Cbus using an 12Ccontroller 
(PC08584). 
All the serial interface modes allow for three basic types of 
data transfer; these are single write, single read and burst 
read. In a single write or read, 16 bits (2 bytes) of data is 
written to or read from one of the registers inside the OAS. 
In a burst read, multiple reads are performed from one regis- 
ter without having to repeatedly send the control and regis- 
ter address information for each read. The burst read can 
be performed on any LM12434 and LM12{L}438's register, 
however it is primarily provided for mUltiple reads from the 
FIFO register (one address, 32 locations), where a se- 
quence of conversion results is stored. 


7.1 STANDARD 
INTERFACE 
MODE 
The standard interface mode is a simple shift register type 
of serial data transfer. The serial clock synchronizes the 
transfer of data to and from the LM12434 and LM12{L)438. 
The interface uses 4 lines: 2 data lines (01and DO), a serial 
clock line (SCLK) and a chip-select (CS) line. More than one 
device can share the data and serial clock lines provided 
that each device has its own chip-select line. 
The LM12434 and LM12(L}438 standard mode is selected 
when the MOOESEL1 and MOOESEL2 pins have the logic 
state of "01". Figure 
12 shows a typical connection diagram 


for the LM12434 and LM12(L}438 
standard mode serial 


interface. The CS, 01, DO, and SCLK lines are respectively 
assigned to interface pins P2 through P5. The P1 pin is 
assigned to a signal called R/F (Rise/Fall). The logic level 
on this pin specifies the polarity of the serial clock: 


- 
If R/F = 1, data is shifted after falling edge and is stable 
and captured at the rising edge of the SCLK. 


- 
If R/F = 0, data is shifted after rising edge and is stable 
and captured at the falling edge of the SCLK. 


Interface 
MODESEL1 
MODESEL2 
P1 
P2 
P3 
P4 
P5 
Mode 


Standard 
0 
1 
R/F 
~ 
01 
DO 
SCLK 


8051 
0 
0 
1" 
1· 
CS 
RXO 
TXO 


TMS320 
1 
1 
FSR 
FSX 
OX 
DR 
CLK 


12C 
1 
0 
Slave ADO 
SiaveA01 
SiaveA02 
SOA 
SCL 


II 


7.0 Digital Interface 
(Continued) 


In both cases the data transfer is insensitive to idle state of 
the SCLK. SCLK can stay at either logic level high or low 
when not clocking (see Figure 11) 
Data transfer in this mode is basically byte-oriented. This is 
compatible with the serial interface of the target microcon- 
trollers and microprocessors. As mentioned, the LM12434 
and LM12[L}438 
have three different communication cy- 


cles: write cycle, read cycle and burst read cycle. At the 
start of each data transfer cycle, "command byte" is written 
to the serial OAS, followed by write or read data. The com- 
mand byte informs the LM12434 and LM12(L!438 
about 


the communication cycle. The command byte carries the 
following information: 
- 
what type of data transfer (communication cycle) is start- 
ed 
- 
which device register to be accessed 


The command byte has the following format: 


Note that the first bit may be either the MSB or the LSB of 
the byte depending on the processor type, but it must be the 
first bit transmitted to the LM12434 and LM12[L)438. 
Figure 11shows the timing diagrams for different communi- 
cation cycles. Figures 118, b, C, d show write cycles for 
various combinations of R/F pin logic level and SCLK idle 
state. Figures 11e, f, g, h show read cycles for similar sets 
of conditions. Figure 11i shows a burst read cycle for the 
case of R/F = 0 and low SCLK idle state. Note that these 
timing diagrams depict general relationships between the 
SCLK edges, the data bits and CS. These diagrams are not 
meant to show guaranteed timing. (See specification tables 
for parametric switching characteristics.) 
Write cycle: A write cycle begins with the falling edge of 
CS. Then a command byte is written to the OAS on the 01 
line synchronized by SCLK. The command byte has the 
R/W and B bits equal to zero. Following the command byte, 
16 bits of data (2 bytes) is shifted in on the same 01 line. 


This data is written to the register addressed in the com- 
mand byte (A3, A2, A1, AO).The data is interpreted as MSB 
or LSB first based on the logic level of the 7th bit (MSBI 
LSB) in the command byte. There is no activity on the DO 
line during write cycles and the OAS leaves the 00 line in 
the high impedance state. CS will go high after the transfer 
of the last bit, thus completing the write cycle. 
Read cycle: A read cycle starts the same way as a write 
cycle, except that the command byte's R/W 
bits equal to 
one. Following the command byte, the OAS outputs the 
data on the DO line synchronized with the microcontroller's 
SCLK. The data is read from the register addressed in the 
command byte. Data is shifted out MSB or LSB first, de- 
pending on the logic level of the MSB/LSB bit. The logic 
state of the 01 line is "don't care" after the command byte. 
CS will go high after the transfer of the last data bit, then 
completing the read cycle. 
Burst read cycle: A burst read cycle starts the same way 
as a single read cycle, but the B bit in the command byte is 
set to one, indicating a burst read cycle. Following the com- 
mand byte the data is output on the DO line as long as the 
OAS receives SCLK from the system. To tell the OAS when 
a burst read cycle is completed pull CS high after the 8th 
and before the 15th SCLK cycle during the last data byte 
transfer (see Figure 11i). After CS high is detected and the 
last data bit is transferred, the OAS is ready for a new com- 
munication cycle to begin. 
The timing diagrams in Figure 11 show the transfer of data 
in packets of 8 bits (bytes). This represents the way the 
serial ports of most microcontrollers and microprocessors 
produce serial clock and data. The OAS does not require a 
gap between the first and second byte of the data; 16 con- 
tinuous clock cycles will transfer the data word. However, 
there should be a gap equal to 3 CLK (the OAS main clock 
input, not the SCLK) cycles between the end of the com- 
mand byte and the start of the data during a read cycle. This 
is not a concern in most systems for two reasons. First, the 
processor generally has some inherent gap between byte 
transfers. Second, the SCLK frequency is usually signifi- 
cantly slower than the CLK frequency. For example, a 
68HC11 processor with an 8 MHz crystal generates a maxi- 
mum SCLK frequency of 1 MHz. If the OAS is running with a 
6 MHz CLK, there are 6 cycles of CLK within each cycle of 
SCLK and the requirement is satisfied even if SCLK oper- 
ates continuously during and after the command byte. 
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(a) Write Cycle, R/F Input (P1) = 1 
Idle State of SCLK = 0, Data Stable at RIsing Edge and Shifted at Falling Edge of the SCLK 


(b) Write Cycle, R/F Input (P1) = 1 
Idle State of SCLK = 1, Data Stable at Rising Edge and Shifted at Falling Edge of the SCLK 
• 


cs [From system] 
""'\ 
r 
to 
DAS 
\ ••• 
, 


(c) Write Cycle, RtF Input (P1) = 0 
Idle State of SCLK = 0, Data Stable at Failing Edge and Shifted at Rising Edge of the SCLK 
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FIGURE 11. Timing Diagrams for LM12434 and LM12 (L1438Standard 5erlallnterface 
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(e) Read Cycle, RtF Input (P1) = 1 
Idle State of SCLK = 0, Data Stable at Rising Edge and Shifted at Failing Edge of the SCLK 
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(f) Read Cycle, RtF Input (P1) = 1 
Idle State of SCLK = 1, Data Stable at Rising Edge and Shifted at Failing Edge of the SCLK 


FIGURE 11. Timing Diagrams for LM12434 and LM12 (L) 438 Standard Serial Interface (Continued) 
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(I) Burst Read Cycle, RtF Input (P1) = 1 
Idle State of SCLK = 0, Data Stable at Rising Edge and Shifted at Falling Edge of the SCLK 


FIGURE 11. Timing Diagrams for LM 12434 and LM 12(L1438 Standard Serial 
Interface 
(Continued) 


II 


HPC'" 
Family 
of 
Uicrocontrollers 


General 
{ 
Purpose 
Parallel 
Port 


{ 


SO 


Serial 
51 


Port 


SK 


LM 12434/ 
LM 12{L}438 


Data 
...•. 


Data 
.•.. 


Clock 
..•.. 


} 


To other 


Peripherels 


68HCll 
Family 
of 
Microcontrallers 


General 
{ 
Purpose 
Parallel 
Port 


{ 


MOSI 


Serial 
MISO 
Port 


SCK 


LM12434/ 
LM 12{L}438 


MODESEL 1 


MODESEL2 


Pl (Rfr) 


P2(Cs) 


P3(DI) 


P4(DO) 


P5(SCLK) 


Data 
...•. 


Data 
.•.. 


Clock - 
} 


To other 
Peripherals 


A 


B 


K 


X 


PORTS 
IRPD 
SIO 


AL 


AH 


uWDONE 


'" oxooca 


•• 
OxOOCC 


•• 
OxOOCA 


.• 
OxOOCE 


.• 
OxOOE2 


•• 
OxOOD2 


.• 
OxOOD6 


•• 
OxOOC8 


•• 
OxOOC9 


.• 
OxOD 


; ACCUMULATOR 


;8 
REGISTER 


iK 
REGISTER 


;X 
REGISTER 


; PORT 8 
DATA 
REGISTER 


; INTERRUPT 
PENDING 
REGISTER 


iMICRQWIRE 
INPUT/OUTPUT 
SHIFT 
REGISTER 


; ACCUMULATOR 
LOW 
ORDER 
BYTE 


iACCUMULATOR 
HIGH 
ORDER 
BYTE 


; SYMBOL 
FOR 
BIT- 
0 
IN 
IRPD 
REGISTER 
TO 
TEST 


;THE 
END 
OF 
MICROWIRE 
TRANSFER 


RINSTRO 
.• 
Oxe2 


WINSTRO 
.• 
Ox82 
RINSTRI 
.• OxC6 


WINSTRI 
.• 
Ox86 


RINSTR2 
.• 
OxCA 


WINSTR2 
.• 
Ox8A 
RINSTR3 
.• OxCE 


WINSTR3 
•• 
Ox8E 
RINSTR4 
.• OxD2 


WINSTR4 
.• 
Ox92 


RINSTR5 
.• 
OxDG 


WINSTRS 
.• 
Ox96 


RINSTR6 
.• 
OxDA 


WINSTR6 
.• 
Ox9A 


RINSTR7 
•• 
OxDE 


WINSTR7 
•• 
Ox9E 


RCONFIG 
.• OxE2 


WCONFIG 
.• 
OxA2 


RINTEN 
.• 
OxE6 


WINTEN 
.• 
OxA6 


RINTSTAT. 
OxEA 


RTIMER 
.• 
OxEE 


WTIMER 
.• 
OxAE 


RSFIFO 
.• 
OxF2 


RBFIFO 
.• 
OxF3 


RLMTSTAT- 
OxF6 


;SERIAL 
DAS 
INSTRUCTION 
RAM 
AND 
LIMITS 
1 
&. 
2 


; READ 
AND 
WRITE 
CONTROL 
BYTES. 
THESE 
BYTES 


;CONTAIN 
THE 
ADDRESS 
OF 
THE 
SDAS 
REGISTER, 
THE 


; READ/WRITE 
BIT 
AND 
THE 
MSB/LSB 
BIT 


; PREDEFINED. 


;SDAS 
CONFIGURATION 
REG. 
READ 
CONTROL 
BYTE. 


; SDAS 
CONFIGURATION 
REG. 
WRITE 
CONTROL 
BYTE. 


;SDAS 
INTERRUPT 
ENABLE 
REG. 
READ 
CONTROL 
BYTE. 


; SDAS 
INTERRUPT 
ENABLE 
REG. 
WRITE 
CONTROL 
BYTE. 


; SDAS 
INTERRUPT 
STATUS 
REG. 
READ 
CONTROL 
BYTE. 


; SDAS 
TIMER 
REG. 
READ 
CONTROL 
BYTE. 


; SDAS 
TIMER 
REG. 
WRITE 
CONTROL 
BYTE_ 


;SDAS 
FIFO, 
SINGLE 
READ 
CONTROL 
BYTE. 


;SDAS 
FIFO, 
BURST 
READ 
CONTROL 
BYTE. 


;SDAS 
LIMIT 
STATUS 
REG. 
READ 
CONTROL 
BYTE. 


;SYMBOLIC 
STARING 
AODRESS 
OF 
THE 
DATA 
BLOCK 


; IN 
SYSTEM 
MEMORY, 
USED 
TO 
STORE 
THE 


;CONVERSION 
RESULTS 
READ 
FROM 
FIFO 
IN 
BURST 


; READ 
ROUTINE. 


;SYMBOLIC 
ADDRESS 
FOR 
A 
16 
BIT 
DATA 
BUFFER 


;SYMBOLIC 
ADDRESS 
FOR 
AN 
8 
BIT 
BUFFER 
USED 


; IN 
ROUTINES 
FOR 
CONTROL 
BYTE. 


; SYMBOLIC 
DEFINITION 
FOR 
THE 
NUMBER 
OF 


; RESULTS 
TO 
BE 
READ 
FROM 
FIFO 
IN 
BURST 
READ 


SERIAL 
DAS 
READS 
AND 
WRITES 
ARE 
PERFORMED 
BY 
SUBROUTINES 
SER_WR 
& 
SER_RD, 


THESE 
ROUTINES 
USE 
THE 
eNTRL_BUF 
REGISTER 
AS 
CONTROL 
INPUT 
AND 
THE 
DATA_BUF 
REGISTER 
AS DATA BUFFER, 
FOR WRITES 
DATA IS 
LOADED IN 
THE DATA_BUF REG. 
AND 
FOR REJ.DS DATA RETURNS 
IN 
THB DATA_BUF REGISTER . 
........... 
. 


II 


7.0 Digital Interface 
(Continued) 


HPC Assembly 
Code 
Example 
(Continued) 


iCONFIGURATION 
REG. 
WRITE 
COMMAND 


; LOADED 
IN 
THE 
CNTRL_BUF. 


; DATA 
LOADED 
ON THE 
DATA_ BUF 
REG. 
RESET 
80AS, 


iPAUSE=l, 
RAM 
POINTER.OO. 


; CALLING 
SER _ WR 
FOR 
DATA 
TRANSFER. 


iCONFIGURATION 
REG. 
READ 
COMMAND 


; LOADED 
IN 
THE 
CNTRL_BUF. 


iCALLING 
SER_RD 
FOR 
DATA 
TRANSFER. 


DATA 
WRITE 
SUBROUTINE 
t1SER_WR". 
FOR 
SERIAL 
I/O 
TRANSFER 
OF 
DATA 
BETWEEN 
THE 


HPC 
AND 
THE 
SERIAL 
DAB 
WITH 
uW 
SERIAL 
INTERFACE. 
BEFORE 
CALLING 
THE 
ROUTINE. 


THE 
DATA 
TRANSFER 
CONTROL 
BYTE 
SHOULD 
BE 
LOADED 
IN 
THE 
CNTRL_BUF 
AND 
THE 


DATA 
TO 
BE WRITTEN 
TO 
THE 
SOAS 
SHOULD 
BE 
LOADED 
IN 
THE 
DATA_BUF • 
••.•.•.•.•.•.•.•.•.•.•..••.•.•.•.•.•..•.••.•.•.•..•.••.•••.•...•.••..•••••..••••..•.*••••.•••.•.•.••.••.•.•.•.•.•••.•.•.••••.•.•• 


SER_WR: 


RBIT 
DAS_CS, 
PORTB.B 
; RESET 
THE 
PORT 
8 
BIT-X 
TO 
SELECT 


;THE 
SOAS1. 


LO 
SIO.B, 
CNTRL_BUF.B 
;LOAD 
THE 
CONTROL 
BYTE 
TO 
HPC's 
SIO 


; REGISTER, 
BYTE 
TRANSFER 
IS 
STARTED. 


WAITl 
; 
IFBIT 
uWDONE,IRPD.B 
;WAIT 
AND 
CHECK 
THE 
uWDONE 
BIT 
FOR 


JP 
WBYTEl 
; COMPLETION 
OF 
DATA 
TRANSFER. 
WHEN 
DONE, 


JP 
WAITl 
;GO 
AHEAD 
FOR 
FIRST 
DATA 
BYTE 
TRANSFER. 


WBYTEl 
: 
LO 
SIO.B, 
(DATA_BUF+l).B 
;LOAD 
HIGH 
ORDER 
BYTE 
OF 
DATA 
TO 
SIO 


;REGISTER, 
TRANSFER 
IS 
STARTED. 


WAIT2 
: 
IFBIT 
uWDONE, 
I RPD. 
B 
;WAIT 
AND 
CHECK 
THE 
uWDONE 
BIT 
FOR 


JP 
WBYTE2 
;COMPLETION 
OF 
DATA 
TRANSFER. 
WHEN 
DONE, 


JP 
WAIT2 
;GO 
AHEAD 
FOR 
SECOND 
DATA 
BYTE 
TRANSFER. 


WBYTE2 
: 
LO 
SIO. 
B, DATA_BUF. 
B 
; LOAD 
LOW 
ORDER 
BYTE 
OF 
DATA 
TO 
SIO 


;REGISTER, 
TRANSFER 
IS 
STARTED. 


WAIT) 
: 
IFBIT 
uWDONE,IRPD.B 
;WAIT 
AND 
CHECK 
THE 
uWDONE 
BIT 
FOR 


JP 
WDONE 
; COMPLETION 
OF 
DATA 
TRANSFER. 
WHEN 
DONE, 


JP 
WAIT3 
; DESELECT 
THE 
SDAS 
AND 
RETURN. 


WDONE: 
SBIT 
DAS_CS, 
PORTB.B 
; SET 
THE 
BIT 
TO 
DESELECT 
THE 
SDAS. 


RET 
; RETURN 
FROM 
SUBROUTINE. 


DATA 
READ 
SUBROUTINE 
"SER_RO", 
FOR 
SERIAL 
I/O 
TRANSFER 
OF 
DATA 
BETWEEN 
THE 


HPC 
AND 
THE 
SERIAL 
DAS 
WITH 
uW 
SERIAL 
INTERFACE. 
BEFORE 
CALLING 
THE 
ROUTINE, 


THE 
DATA 
TRANSFER 
CONTROL 
BYTE 
SHOULD 
BE 
LOADED 
IN 
THE 
CNTRL_BUF 
AND 
THE 


DATA 
IS 
LOADED 
IN 
THE 
DATA_BUF 
UPON 
RETURN 
FROM 
SUBROUTINE. 


;RESET 
THE 
PORT 
B 
BIT-X 
TO 
SELECT 


;THE 
SDAS1. 


;LOAD 
THE 
CONTROL 
BYTE 
TO 
HPC's 
SIO 


;REGISTER, 
BYTE 
TRANSFER 
IS 
STARTED. 


; WAIT 
AND 
CHECK 
THE 
uWDONE 
BIT 
FOR 


;COMPLETION 
OF 
DATA 
TRANSFER. 
WHEN 
DONE, 


;GO 
AHEAD 
FOR 
FIRST 
DATA 
BYTE 
TRANSFER. 


;LOAD 
THE 
SIO 
REGISTER 
WITH 
ZERO, 


; THIS 
IS 
JUST 
A 
DUMMY 
LOAD 
TO 
START 


; THE 
DATA 
TRANSFER 


,WAIT 
AND 
CHECK 
THE 
uWOONE 
BIT 
FOR 


,COMPLETION 
OF 
DATA 
TRANSFER. 
WHEN 
DONE, 


,GO 
AHEAD 
FOR 
SECOND 
DATA 
BYTE 
TRANSFER. 


; LOAD 
HIGH 
OROER 
BYTE 
OF 
THE 
DATA_BUF 
REGISTER 


,WITH 
DATA 
JUST 
READ 
FROM 
snAS. 


,LOAD 
THE 
SIO 
REGISTER 
WITH 
ZERO, 


;THIS 
IS 
JUST 
A 
DUMMY 
LOAD 
TO 
START 


SER_RD: 


RBIT 
DAS_es, 
PORTB. 
B 


LO 
SIO. 
B, CNTRL_BUF. 
B 


WAIT4' 
IFBIT 
uWDONE,IRPD.B 


JP 
RBYTEl 
JP 
WAIT4 


RBYTEl 
: 
LO 
SIO.B,#OxOO 


WAITS: 
IFBIT 
uWDONE,IRPD.B 


JP 
RBYTE2 


JP 
WAITS 


RBYTE2 
; 
LO 
(DATA_BUF+l) 
.B,SIO.8 


LO 
SIO.B,#OxOO 


7.0 Digital Interface 
(Continued) 


HPC Assembly 
Code 
Example 
(Continued) 


WAIT6; 
IFSIT 
uWDONE.IRPD.B 


JP 
ROONE 


JP 
WAIT6 


RDONE: 
LD 
DATA_BUF. 
0, SID. 
B 


S8IT 
DAS -CS,PORTB.B 


RET 


; THE 
DATA 
TRANSFER 


;WAIT 
AND 
CHECK 
THE 
uWDONE 
BIT 
FOR 


;COMPLETION 
OF 
DATA. 
TRANSFER. 
WHEN 
DONE, 


,LOAD 
THE 
READ 
DATA. 
TO 
AL, 
DESELECT 
THE 


i SOAS 
AND 
RETURN. 


;LOA..D 
LOW 
ORDER 
BYTE 
OF 
THE 
DATA_BUF 
REGISTER 


;WITH 
THE 
DATA 
JUST 
READ 
FROM 
SOAS. 


; SET 
THE ax 
TO DESELECT 
THE 
SOAS. 


; RETURN 
FROM 
SUBROUTINE. 


FIFO 
BURST 
READ 
SUBROUTINE 
"RD_FIFO", 
USED 
FOR 
READING 
THE 
CONVERSION 
RESULTS 


FROM 
FIFO 
IN 
BURST 
READ 
MODE. 
DATA 
IS 
READ 
FROM 
FIFO 
AND 
STORED 
IN 
THE 


SySTEM 
MEMORY 
STARTING 
FROM 
THE 
DATA_BLK 
ADDRESS. 
NUMBER 
OF 
CONVERSION 


RESULTS 
BEING 
READ 
IS 
RSLT_NUM 
WHICH 
IS 
LOADED 
IN 
THE 
X 
REGISTER. 
IT 
IS 
ASSUMED 


THAT 
THE 
HPC 
IS 
USING 
16 
BIT 
DATA 
BUS. 


LD 
BK. 
W, #DATA_BLK, 
'* (DATA_BLK+2*RSLT_NUM-1) 


;SET 
B 
FOR 
STARTING 
ADDRESS 
OF 
MEMORY 


; AND 
K 
FOR 
ENDING 
ADDRESS 
MINUS 
ONE 


RBIT 
DAS_CS, 
PORTB.B 


LD 
SIO.B,#RBFIFO 


WAIT? 
: 
IFBIT 
uWOONE,IRPO.B 
JP 
MSBYTE 
JP 
WAIT? 


MSBYTE: 
LD 
SIO.B,#OxOO 


WAITS: 
IFBIT 
uWDONE,IRPD.B 


JP 
LSBYTE 


JP 
WAITS 


LSBYTE: 
LD 
AH.B,SIO.B 


LD 
SIO.B, 
#OxOO 


OECSZ 
X 
JP 
WAIT9 


SBIT 
DAS_CS, 
PORTS. 
B 


WAIT9: 
tFBIT 
uWDONE, 
IRPD. 
B 
JP 
CMPLT 
JP 
WAIT9 


CMPLT: 
LD 
AL. 
B, SIO. 
B 


XS 
A, 
[B+).W 


JP 
MSBYTE 


RET 


;A 
COUNTER 
TO 
KEEP 
TRACK 
OF 
'* 
OF 
FIFO 


; READS 
FOR 
TERMINATION 
OF 
BURST 
MODE 


;BY 
PULLING 
THE 
CHIP 
SELECT 
HIGH 
DURING 


; THE 
LAST 
READ 
CYCLE 
AND 
BEFORE 
THE 


; 14TH 
CLOCK 
EDGE. 


; RESET 
THE 
PORT 
B 
BIT· 
X 
TO 
SELECT 


,THE 
SDAS. 


,LOAD 
THE 
BURST 
FIFO 
READ 
CONTROL 
BYTE 


;TO 
SIO 
REG. 
BYTE 
TRANSFER 
IS 
STARTED. 


,WAIT 
AND 
CHECK 
THE 
uWDONE 
BIT 
FOR 


;COMPLETION 
OF 
DATA 
TRANSFER. 
WHEN 
DONE, 


;GO 
AHEAD 
FOR 
FIRST 
DATA 
BYTE 
READ. 


; LOAD 
THE 
SIO 
WITH 
0, 
THIS 
IS 
JUST 
A 


; DUMMY 
LOAD 
TO 
START 
THE 
DATA 
TRANSFER 


;WAIT 
AND 
CHECK 
THE 
uWDONE 
BIT 
FOR 


;COMPLETION 
OF 
DATA 
TRANSFER. 
WHEN 
DONE, 


; GO 
AHEAD 
FOR 
SECOND 
DATA 
BYTE 
READ. 


; LOAD 
HIGH 
ORDER 
BYTE 
OF 
THE 
A 
REGISTER 


; WITH 
DATA 
JUST 
READ 
FROM 
THE 
SDAS. 


; LOAD 
THE 
SIO 
WITH 
0, 
THIS 
IS 
JUST 
A 


,DUMMY 
LOAD 
TO 
START 
THE 
DATA 
TRANSFER. 


;DECREMENT 
X 
AND 
SET 
THE 
SnAS 
CHIP- 


;SELECT 
BIT 
IF 
LAST 
READ 
CYCLE 
(X=O), 


;OTHERWISE 
CONTINUE. 


;WAIT 
AND 
CHECK 
THE 
uWOONE 
BIT 
FOR 


;COMPLETION 
OF 
DATA 
TRANSFER. 
WHEN 
DONE, 


; LOAD 
THE 
READ 
DATA 
TO 
AL. 


; LOAD 
LOW 
ORDER 
BYTE 
OF 
THE 
A 
REGISTER 


; WITH 
THE 
DATA 
JUST 
READ 
FROM 
THE 
SDAS. 


;STORE 
A 
TO 
THE 
DATA_BLK 
WITH 
B 
AUTO- 


;INCREMENT 
AND 
SKIP 
IF 
GREATER 
THAN 
K. 


;GO 
FOR 
THE 
NEXT 
FIFO 
DATA 


III 


7.0 Digital Interface (Continued) 


HPC Assembly 
Code Example 
(Continued) 


LD 
SIO. B. #oxOD 


RWAITl: 
IFBIT 
uWDONE, 
IRPD. 
B 


JP 
R_NXT2 
JP 
RWAITI 


R_NXT2 
: 
LD 
SIO.B, 
#oxOD 
RWAIT2, 
IFBIT 
uWDONE,IRPD.B 
JP 
R_NXT3 
JP 
RWAIT2 
R_NXT3, 
LD 
SIC. B, "OxOD 


RWAIT3 
: 
IFBIT 
uWDONE. 
IRPD. 
B 
RET 
JP 
RWAIT3 


;RESET 
SEQUENCE 
FOR 
THE 
SDAS 
INTER- 


; FACE 
TO 
BRING 
IT 
OUT 
OF 
A 
HANGUP 
BY 


iAPPLYING 
24 
SERIAL 
CLOCK 
PULSE 
WHILE 


;CHIP 
SELECT 
IS 
HIGH, 
THIS 
IS 
EQUAL TO 


; POWER 
UP 
RESET 
FOR 
THE 
INTERFACE 


; FACE 
TO BRING 
IT 
OUT OF A HANGUP 
; NOTE THAT THIS 
ROUTINE 
DOES NOT RESET 


; THE 
SERIAL 
DA$ 
BUT 
ONLY 
THE 
SERIAL 
INTERFACE 


;THIS 
ROUTINE 
IS 
USEFUL 
DURING 


; SOFTWARE 
DEVELOPMENT 
OR 
IN 
CASE 
THAT 
; A COMMUNICATION CYCLE NEEDS 
TO BE 
; INTERRUPTED 
BY SYSTEM REQUIREMENTS. 


• 
THE 
68HCll 
MICROCONTROLLERS 
FAMILY 
ASSEMBLY SUBROUTINES 
FOR INTERFACE 
TO 
• 
THE LM12434 
AND LM12{L}438 
SERIAL 
DATA ACQUISITION 
SYSTEM 
(SDAS) 
CHIP • 
................................................................................................................................••.................... 
.. 


PORTD 
EOU 
$1008 
Port 
o data register 
,55· 
,seK 
;MOSI,MISO,TxD 
,RxD 
n 


PORT 0 
"5S" 
BIT 
IS 
USED FOR SDAS 
CHIP 
SELECT 
DDRD 
EOU 
$1009 
Port 
D data 
direction 
SPCR 
EOU 
$1028 
SPI control 
register 
"SPIE,SPE 
, DWOM,MSTR; CPOL, CPHA, SPR1, 
SPRO" 
SPSR 
EQU 
$1029 
SPI 
status 
register 
"SPIF, 
WCOL, - 
, MOOF; 
- 


SPDR 
EOU 
$102A 
SPI 
data 
register; 
Read-Buffer; 
Write-Shifter 


RINSTRO 
EQU 
$C2 


WINSTRO 
EQU 
$82 


RINSTRl 
EQU 
$C6 


WINSTRl 
EQU 
$86 


RINSTR2 
EOU 
$CA 


WINSTR2 
EOU 
$8A 


RINSTR3 
EOU 
$CB 


WINSTR3 
EQU 
$8E 


RINSTR4 
EOU 
$D2 


WINST!\4 
EOU 
$92 


RINSTRS 
EQU 
$D6 


WINSTRS 
EQU 
$96 
RINSTR6 
EOU 
$DA 


WINSTR6 
EOU 
$9A 


RINSTR7 
EOU 
$DE 


WINSTR7 
EQU 
$9E 


RCONFIG 
EOU 
$E2 


WCONFIG 
EOU 
$A2 


RINTEN 
EOU 
$E6 


WINTEN 
EOU 
$A6 


RINTSTAT 
EOU 
$EA 


RTIMBR 
EQU 
$EB 


WTIMBR 
EQU 
$AE 
RSFIFO 
EQU 
$F2 
RBPIFO 
EOU 
$F3 


RIllTSTAT 
EOU 
$F6 


; SERIAL 
DAS INSTRUCTION 
RAM AND LIMITS 
1 " 
2 


; READ AND WRITE 
CONTROL BYTES. 
THESE 
BYTES 


;CONTAIN 
ADDRESSES 
OF THE SDAS 
REGISTER, 
THE 
;READ/WRITE 
BIT 
AND THE MSB/LSB 
BIT 
; PREDEFINED. 


,SDAS 
CONFIGURATION 
REG. 
READ CONTROL BYTE. 


; SDAS 
CONFIGURATION 
REG. 
WRITE 
CONTROL BYTE. 


; SDAS 
INTERRUPT 
ENABLE REG. 
READ CONTROL BYTE. 


; SDAS 
INTERRUPT 
ENABLE REG. 
WRITE 
CONTROl> BYTE. 


; SDAS 
INTERRUPT 
STATUS 
REG. 
READ CONTROL BYTE. 


; SDAS 
TIMER 
REG. 
READ CONTROL BYTE. 


; SDAS 
TIMER 
REG. 
WRITE 
CONTROL BYTE. 


,SDAS 
FIFO. 
SINGLE 
READ CONTROD BYTE. 
; SDAS 
FIFO 
, 
BURST 
READ CONTROL BYTE. 
; SDAS 
LIMIT 
STATUS 
REG. 
READ CONTROL BYTE. 


.--------------------------------------------------------,,... 
i: 
..•. 
N 
~ 
Co)~ 
.......,...i: 
..•. 
N,... 
~ 
Co) 
CD 


7.0 Digital Interface (Continued) 


68HC11 
Assembly 
Code Example 
(Continued) 


DATA_BLK 
EQU 
$10 
;SYMBOLIC 
STARTING 
ADDRESS 
OF THE 
DATA 
BLOCK 
;IN SYSTEM 
MEMORY, 
USED 
TO STORE 
THE 
;CONVERSION 
RESULTS 
READ 
FROM 
FIFO 
IN BURST 
;READ ROUTINE. 
DATA_BUF 
EQU 
$42 
;SYMBOLIC 
ADDRESS 
FOR 
A 
16 BIT 
DATA 
BUFFER 
CNTRL_BUF 
EQU 
$40 
;SYMBOLIC 
ADDRESS 
FOR AN 
8 BIT 
BUFFER 
USED 
;IN ROUTINES 
FOR 
CONTROL 
BYTE. 
RSLT_NUM 
EQU 
$10 
;SYMBOLIC 
DEFINITION 
FOR 
THE 
NUMBER 
OF 
;RESULTS 
TO 
BE READ 
FROM 
FIFO 
IN BURST 
READ 


• SERIAL 
DAS 
READS 
AND 
WRITES 
ARE 
PERFORMED 
BY SUBROUTINE 
SER_IO. 
• THIS 
ROUTINE 
USES 
THE 
CNTRL_BUF 
REGISTER 
AS 
CONTROL 
INPUT 
AND 
THE 
DATA_BUF 
• REGISTER 
AS 
DATA 
BUFFER, 
FOR 
WRITES 
DATA 
IS LOADED 
ON THE 
DATA_BUF 
REG. 
AND 
• FOR 
READS 
DATA 
RETURNS 
IN THE 
DATA_BUF 
REGISTER . 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
** •••••••••••••••••• 


*--- 
AN EXAMPLE 
OF A WRITE 
TO 
CONFIGURATION 
REGISTER, 


LDAA 
#WCONFIG 
;CONFIGURATION 
REG. 
WRITE 
COMMAND 
STAA 
CNTRL_BUF 
;LOADED 
IN THE 
CNTRL_BUF. 
LDD 
#$0010 
;DATA 
LOADED 
ON THE 
DATA_BUF 
REG. 
STD 
DATA_BUF 
;RESET- 
1, RAM 
POINTER-OO. 


JSR 
SER_IO 
;CALLING 
SER_WR 
FOR 
DATA 
TRANSFER. 


*--- 
AN 
EXAMPLE 
OF A READ 
FROM 
CONFIGURATION 
REGISTER, 


LDAA 
STAA 
JSR 


#RCONFIG 
CNTRL_BUF 
SER_IO 


;CONFIGURATION 
REG. 
READ 
COMMAND 
;LOADED 
IN THE 
CNTRL_BUF. 
;CALLING 
SER_RD 
FOR DATA 
TRANSFER. 


• DATA 
WRITE/READ 
SUBROUTINE 
"SER_IO", 
FOR 
SERIAL 
I/O TRANSFER 
OF DATA 
BETWEEN 
• THE 
68HCll 
AND 
THE 
SERIAL 
DAS 
WITH 
SPI 
SERIAL 
INTERFACE. 
BEFORE 
CALLING 
THE 
• ROUTINE, 
THE 
DATA 
TRANSFER 
CONTROL 
BYTE 
SHOULD 
BE LOADED 
IN THE 
CNTRL_BUF. 
• FOR 
WRITES 
THE 
DATA 
TO 
BE WRITTEN 
TO 
THE 
SDAS 
SHOULD 
BE LOADED 
IN DATA_BUF. 
• FOR 
READS, 
DATA 
IS LOADED 
INTO 
THE 
DATA_BUF 
UPON 
RETURN 
FROM 
THIS 
SUBROUTINE. 


••• *** ••••••••••••••••••••••••••••••••••••• 
** ••••• 
** •••• 
**.** •••••••••••••••• 


SER_IO: 


BCLR 
PORTD,Y 
$20 
DROP 
CHIP 
SELECT 
LDAA 
CNTRL_BUF 
LOAD 
A WITH 
CONTROL 
BYTE 
STAA 
SPDR 
START 
SPI 
SEND 
SENDI 
LDAA 
SPSR 
GET 
SPI 
STATUS 
TO WAIT 
FOR SPIF 
ANDA 
#$80 
MASKING 
THE 
EIGHTH 
BIT WITH 
THE 
SPIF 
BIT 
BEQ 
SENDI 
IF SPIF-O 
THEN 
BRANCH, 
ELSE 
SKIP 
LDAA 
DATA_BUF 
GET 
MSB 
DATA 
BYTE 
AND 
SEND 
STAA 
SPDR 
START 
SPI 
SEND. 
THIS 
WILL 
ALSO 
CLEAR 
THE 
SPIF 
BIT 
SEND2 
LDAA 
SPSR 
GET 
SPI 
STATUS 
TO WAIT 
FOR 
SPIF 
ANDA 
#$80 
MASKING 
THE 
EIGHTH 
BIT 
WITH 
THE 
SPIF 
BIT 
BEQ 
SEND2 
IF SPIF-O 
THEN 
BRANCH, 
ELSE 
SKIP 
LDAA 
SPDR 
LOADS 
1 DATA 
BYTE 
(MSB/LSB) 
SENT 
FROM 
DAS 
INTO ACC 
A 
STAA 
DATA_BUF 
STORE 
MSB 
DATA 
BYTE 
IN RAM 
BUFFER 
LDAA 
DATA_BUF+l 
GET 
LSB 
DATA 
BYTE 
TO SEND 
STAA 
SPDR 
START 
SPI 
SEND 
SEND3 
LDAA 
SPSR 
GET 
SPI 
STATUS 
TO WAIT 
FOR 
SPIF 
ANDA 
#$80 
MASKING 
THE 
EIGHTH 
BIT WITH 
THE 
SPIF 
BIT 
BEQ 
SEND3 
IF SPIF-O 
THEN 
BRANCH, 
ELSE 
SKIP 
LDAA 
SPDR 
1 LOADS 
1 DATA 
BYTE 
(MSB/LSB) 
SENT 
FROM 
DAS 
INTO ACC 
A 
STAA 
DATA_BUF 
STORE 
MSB 
DATA 
BYTE 
IN RAM 
BUFFER 
BSET 
PORTD,Y 
$20 
DONE 
-- RAI SE CS 
RTS 
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II 


7.0 Digital Interface (Continued) 


68HC11 
Assembly 
Code Example 
(Continued) 


• FIFO 
BURST 
READ 
SUBROUTINE 
"RD_FIFO", 
FOR 
READING 
THE 
CONVERSION 
RESULTS 


• FROM 
FIFO 
IN BURST 
READ 
MODE. 
DATA 
IS READ 
FROM 
FIFO 
AND 
STORED 
IN THE 


• SYSTEM 
MEMORY 
STARTING 
FROM 
THE 
DATA_BLK 
ADDRESS. 
NUMBER 
OF CONVERSION 


• RESULTS 
BEING 
READ 
IS RSLT_NUM 
WHICH 
IS LOADED 
IN THE 
X REGISTER. 
IT IS ASSUMED 


• THAT 
THE 
HPC 
IS USING 
16 BIT 
DATA 
BUS. 


RD_FIFO, 


LOX 
LOAB 
LSLB 
DECB 
BCLR 
LDAA 
STAA 


BURSTl 
LDAA 
ANDA 
BEQ 


CLRA 
STAA 


BURST2 
LDAA 
ANDA 
BEQ 
LDAA 
STAA 
INX 
DECB 
BNE 
BSET 
STAA 


BURST3 
LDAA 
ANDA 
BEQ 
LDAA 
STAA 
RTS 


LOAD 
X WITH 
DATA 
BLOCK 
BASE 
ADDRESS 
LOAD 
B WITH 
NUMBER 
OF 
RESULTS 
MAKE 
INTO 
BYTE 
COUNT 
ONE 
LESS 
FOR 
LAST 
BYTE 
DROP 
CHIP 
SELECT 
LOAD 
A WITH 
BURST 
READ 
COMMAND 
SEND 
COMMAND 
GET 
SPI 
STATUS 
TO WAIT 
FOR 
SPIF 
MASKING 
THE 
EIGHTH 
BIT 
WITH 
THE 
SPIF 
BIT 
IF SPIF-O 
THEN 
BRANCH, 
ELSE 
SKIP 


PORTD,Y 
$20 


#RBFIFO 
SPDR 
SPSR 
#$80 
BURST 1 


SPDR 
SPSR 
#$80 
BURST2 
SPDR 


O,X 


CLEAR 
DATA 
BYTE 
TO SEND 
START 
SPI, 
RECEIVE 
A DATA 
BYTE 
GET 
SPI 
STATUS 
TO 
WAIT 
FOR 
SPIF 
MASKING 
THE 
EIGHTH 
BIT WITH 
THE 
SPIF 
BIT 
IF SPIF-O 
THEN 
BRANCH, 
ELSE 
SKIP 
GET 
THE 
RECEIVED 
DATA 
BYTE 
STORE 
DATA 
BYTE 
POINT 
TO NEXT 
DATA 
BYTE 
COUNTING 
DOWN 
# OF 
BYTES 
STILL 
MORE 
DATA 
BYTES 
TO GET 
RAISE 
CS TO END 
BURST 
READ 
START 
SPI, 
RECEIVE 
LAST 
BYTE 
GET 
SPI 
STATUS 
TO WAIT 
FOR 
SPIF 
MASKING 
THE 
EIGHTH 
BIT 
WITH 
THE 
SPIF 
BIT 
IF SPIF-O 
THEN 
BRANCH, 
ELSE 
SKIP 
GET 
RECEIVED 
DATA 
BYTE 
STORE 
DATA 
BYTE 
IN RAM 
BUFFER 


BLOOP 
PORTD,Y 
$20 


SPDR 
SPSR 
#$80 
BURST3 
SPDR 


O,X 


7.0 Digital Interface 
(Continued) 


7.2 8051 INTERFACE 
MODE 


The 8051 interface mode is designed to work directly with 
the 8051 family of microcontrollers' mode 0 serial interface. 
This interface mode is a simple shift register type of serial 
data transfer. The serial clock synchronizes the transfer of 
data to and from the LM12434 and LM12IL!438. The inter- 
face uses 3 lines: a bidirectional data line (RXD), a serial 
clock line (TXD) and a chip-select (eg) line. More than one 
device can share the data and serial clock lines provided 
that each device has its own chip-select line. 


The 8051 mode is selected when the MODESEL1 and 
MODESEL2 pins have the logic state of "00". Figure 14 
shows a typical connection diagram for the 8051 mode seri- 
al interface. The eg, RXD and TXD lines are respectively 
assigned to interface pins P3 through P5. The P1 and P2 
pins are not used in this mode and should be left open or 
connected to logic "1 ". In this interface the idle state of the 
serial clock TXD is logic "1". The data is stable at both 
edges of the TXD clock and is shifted after its rising edge. 
The interface 
has a bidirectional 
RXD data line. The 


LM12434 and LM121L!438 leaves the RXD line in a high 
impedance state whenever it is not outputting any data. 
Data transfer in this mode is byte oriented. As mentioned, 
the LM12434 and LM12(L!438 
has three different commu- 


nication cycles: write cycle, read cycle and burst read cycle. 
At the start of each data transfer cycle, "command byte" is 
written to the LM12434 and LM12{L]438, followed by write 
or read data. The command byte informs the LM12434 and 
LM12(L!438 
about the communication cycle and carries 
the following information: 
- 
what type of data transfer (communication cycle) is start- 
ed 


- 
which device register is to be accessed 


{ 
0 = Single r.ad 
or write 
1 = Burst 
rtad 


{ 
0 = Writ, 
cycle 
1 = Read cycle 
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The first bit is the LSB of the byte based on the 8051 mode 
o serial interface protocol. 


Figure 13 shows the timing diagrams for different communi- 
cation cycles. Figure 13a shows a write cycle. Figure 13b 
shows a read cycle. Figure 13c shows a burst read cycle. 
Note that these timing diagrams depict general relationships 
between the SCLK edges, the data bits and eg. These dia- 
grams are not meant to show guaranteed timing perform- 
ance. (See specification tables for parametric switching 
characteristics.) 
Write cycle: A write cycle begins with the falling edge of the 
eg. Then a command byte is written to the DAS on the RXD 
line synchronized by TXD clock. The command byte has the 
R/W and B bits equal to zero. Following the command byte, 
16 bits of data (2 bytes) is shifted in on the RXD line. The 
data is written to the register addressed in the command 
byte (A3, A2, A1, AO).The data is always LSB first in this 
interface. CS will go high after the transfer of the last bit, 
thus completing the write cycle. 
Read cycle: A read cycle starts the same way as a write 
cycle, except that the command bytes R/W bit is equal to 
one. Following the command byte, the DAS outputs the 
data on the RXD line synchronized with the microcontrol- 
ler's TXD clock. The data is read from the register ad- 
dressed in the command byte. Data is shifted in LSB first. 
Again, CS will go high after the transfer of the last data bit, 
thus completing the read cycle. 
• 
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mand byte the data is output on the RXD line as long as the 
DAS receives TXD clock from the system. To tell the DAS 
when a burst read cycle is completed, CS should be set high 
after the 8th and before the 15th SCLK cycle during the last 
data byte transfer (see Figure 
13c). After CS high is detect- 


ed and the last data bit is transferred, the DAS is ready for a 
new communication cycle to begin. 
The timing diagrams in Figure 
13 show the transfer of data 


in packets of 8 bits (bytes). This represents the way the 
serial ports of the 8051 family of microcontrollers produce 
the serial clock and data. The DAS does not require a gap 
between 
the 
first 
and 
second 
bytes 
of 
the 
data; 
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the command byte and the start of the data during a read 
cycle. This is not concerned in most systems for two rea- 
sons. First, the processor generally has some inherent gap 
between byte transfers. Second, the TXD frequency is usu- 
ally significantly slower than the CLK frequency. For exam- 
ple, an 8051 processor with 12 MHz crystal generates a 
TXD of 1 MHz. If the DAS is running with 6 MHz CLK, there 
are 6 cycles of CLK within each cycle of TXD and the re- 
quirement is satisfied even if TXD comes continuously after 
command byte. The user should pay attention to this re- 
quirement if running the TXD with a speed near or higher 
than CLK. 


(a) Write Cycle 
Idle State of SCLK = 1, Data Shifted at the Rising Edge of the SCLK 


CAS Internel 
I 
Register Address 


Burst Bit = 0 


Read/Write Bit 
"1" 
for Read 


(b) Read Cycle 
Idle State of SCLK = 1, Data Shifted at the Rising Edge of the SCLK 


FIGURE 13.Timing Diagrams for LM12434 and LM12(L}438 8051 Serial Interlace Mode 


cs 
[F'rom 
system] 
., 
to DAS 
\••• 
_ 


DAS Inlernel 
t 
r 
Register Address 


Burst Bit = 1 


Read/Write 
Bit 
"1" 
for Read 


(c) Burst 
Read Cycle 
Idle State 
of SCLK 
= 1, Data Shifted 
after 
the Rising 
Edge of the SCLK 


FIGURE 
13. Timing 
Diagrams 
for LM12434 
and LM12 (L1438 
8051 Serial 
Interface 
Mode 
(Continued) 


I 


LM12434/ 
LM12{L}438 


MODESEL 1 


MODESEL2 
8051 
Family 
of 


Microcontrollers 
P1 


P2 


P3(CS) 


P4(RXD) 


P5(TXD) 
General 
{ 
Purpose 


Parallel 
PorI 


} 


To other 


Peripherals 
Data 
.•.•. 


Clock 
~ 
Serial 
PorI 
{ 
RXD 


Mode 
0 
TXD 


, THE 
8051 
MICROCONTROLLERS 
FAMILY 
ASSEMBLY 
SUBROUTINES 
FOR 
INTERFACE 
TO 


, THE 
LM12434 
and 
LM12{L}438, 
SERIAL 
INTERFACE 
DATA 
ACQUISITION 
SYSTEM 
(SDAS) 
CHIP 


j*********.************ 
•• *** ••• 
*.*********************************.********** 


,SERIAL 
PORT 
CONTROL 
REGISTER 


,RECEIVE 
CYCLE 
COMPLETE 
FLAG, 
BIT 
#0 
OF 
SCON 


,SEND 
CYCLE 
COMPLETE 
FLAG, 
BIT 
#1 
OF 
SCON 


,RECEIVE 
CYCLE 
ENABLE 
BIT, 
BIT 
#4 
OF 
SCON 
,SERIAL 
PORT 
DATA 
BUFFER 
FOR 
SEND 
AND 
RECEIVE 


,PIN 
#4 
OF 
PORT 
3 USED 
FOR 
THE 
SDAS 
CHIP 
SELECT 


,SCON 
R_DONE 
BIT 
ScON.O 


S_DONE 
BIT 
SCON.1 


R_EN 
BIT 
SCON.4 


,SBUF 


SDAS_SLCT 
BIT 
P3.4 


i·······················****·***·***·***··***·****···· 
•.••.•••••.• **.*** 
••• ** 


, SERIAL 
DAS 
RELATED 
REGISTERS, 
CONSTANTS 
AND 
MEMORY 
BLOCK 
BASE 
ADDRESSES 


i 
SYMBOLIC 
DEFINITIONS 


i·**····**·····**·········**···**··***·***······**····.**.***.*** 
•••••••••• ** 


,SERIAL 
DAS 
INSTRUCTION 
RAM 
AND 
LIMITS 
1 & 2 


,READ 
AND 
WRITE 
CONTROL 
BYTES. 
THESE 
BYTES 


,CONTAIN 
ADDRESSES 
OF 
THE 
SDAS 
REGISTERS, 
THE 


,READ/WRITE 
BIT 
AND 
THE 
BURST 
READ 
BIT 


,PREDEFINED. 


RINSTRO 


WINSTRO 


RINSTR1 


WINSTR1 


RINSTR2 


WINSTR2 


RINSTR3 


WINSTR3 


RINSTR4 
WINSTR4 


RINSTR5 


WINSTR5 
RINSTR6 


WINSTR6 


RINSTR7 
WINSTR7 


EQU 
80H 


EQU 
OOH 


EQU 
81H 


EQU 
01H 


EQU 
82H 


EQU 
02H 


EQU 
83H 


EQU 
03H 


EQU 
84H 
EQU 
04H 


EQU 
85H 


EQU 
OSH 
EQU 
86H 


EQU 
06H 


EQU 
87H 
EQU 
07H 


r-------------------------------------------------,r- 
Ii: 
..•. 
~~ 
Co)~..•.• 
r-Ii: 
..•. 
~ 
r- 
~ 
Co) 
CD 


7.0 Digital Interface (Continued) 


8051 Assembly 
Code Example 
(Continued) 


RCONFIG 
BOU 
SSH 
;SDAS 
CONFIGURATION 
REG. 
READ CONTROL BYTB. 
WCONFIG 
BOU 
OSH 
jSDAS 
CONFlGURATtON 
REG. 
WRITB 
CONTROL BYTB. 


RINTBN 
BOU 
S9H 
,SDAS 
INTBRRUPT 
ENABLE 
REG. 
READ CONTROL BYTB. 


WINTBN 
BOU 
09H 
,SDAS 
INTERRUPT 
ENABLE 
REG. 
WRITB 
CONTROL BYTB. 


RINTSTAT 
BOU 
SAM 
,SDAS 
INTERRUPT 
STATUS 
REG. 
READ CONTROL BYTB. 


RTIMER 
EOU 
SBH 
,SDAS 
TIMER 
RBG. 
READ CONTROL BYTE. 
WTIMER 
EOU 
OBH 
,SDAS 
TIMER 
REG. 
WRITE 
CONTROL BYTE. 
RSFIFO 
EOU 
SCH 
;SDAS 
FIFO, 
SINGLE 
READ CONTROL BYTE. 


RBFIFO 
EOU 
OCCH 
,SDAS 
FIFO 
, 
BURST 
READ CONTROL BYTE. 


RUlTSTAT 
EOU 
SOH 
,SDAS 
LIMIT 
STATUS 
REG. 
READ CONTROL BYTB. 


DATA_BLIC 
EOU 
OXXH 
jSYMBOLIC 
STARTING 
ADDRESS 
OF THE DATA BLOCK 


,IN 
SYSTEM 
MEMORY, USED 
TO STORE 
THE 


,CONVERSION 
RESULTS 
READ FROM FIFO 
IN 
BURST 


; READ ROUTINE. 


DATA_BUF 
BOU 
OXXH 
,SYMBOLIC 
ADDRESS 
FOR A 16 
BIT 
DATA BUFFER 


CNTRL_BUF 
EOD 
OXXH 
,SYMBOLIC 
_ADDRESS FOR AN 8 BIT 
BUFFER 
USED 


; IN 
ROUTINES 
FOR CONTROL BYTE. 


RSLT_NUM 
EOU 
OXXH 
,SYMBOLIC 
DEFINITION 
FOR THE NUMBER OF 
,RESULTS 
TO BE READ FROM FIFO 
IN 
BURST 
READ 


SERIAL 
DAS READS 
AND WRITES 
ARE 
PERFORMED 
BY SUBROUTINES 
SER_WR 
& SER_RD, 


THESE ROUTINES 
USE 
THE 
·CNTRL_BUF" 
REGISTER 
AS 
CONTROL INPUT 
AND THE 


"DATA_BUF" 
REGISTER 
AS 
DATA BUFFER, 
FOR WRITBS 
DATA IS 
LOADED ON THE 


wDATA_BUF" 
REGISTER, 
AND FOR READS DATA RETURNS IN 
THE "DATA_BUFw REGISTER. 


;**.••.••*•.••.•.•.•.•.••••.••.•.••.•• 
* •..•••.•..•*•••.•.**.*.* ••• *•.•••••.• "'•.••..•••..•.••••••• 
*••••.•• 


,LOAD 
CNTRL_BUF 
WITH WRITE 
CONTROL 


I BYTE 


; LOAD 
LOW 
ORDER 
BYTE 
OF 
DATA 
TO 


;DATA_BUF 
,LOAD 
HIGH 
ORDER BYTB OF DATA TO 


;DATA_BUF 


;SER_WR 
ROUTINE 
TRANSFERS 
THE 
DATA 


; LOAD 
CNTRL _ BUF 
WITH 
READ 
CONTROL 


; BYTE 


1 SER _ RD 
ROUTINE 
READS 
THE 
DATA 
III 


DATA WRITE SUBROUTINE 
"SER_WR", 
FOR A SERIAL 
WRITE TO THE DAS. 
BEFORE CALLING THE 


1 ROUTINE, 
THE WRITE CONTROL BYTE SHOULD BE LOADEO IN 
THE "CNTRL_BUF" 


; AND THE DATA TO BE WRITTEN TO THE SOAS SHOULD BE LOADED IN 
THE -DATA_BUF". 


:** *••••••••••••••••• 
* •••• *••• *•••••• 
*•••••••• 
* ••••••••••• 
*••••••••••••• 
** ••• 


SER_WR, 


CLR 
SDAS_SLCT 
; SELECT 
THE 
SDAS, 
CHIP 
SELECT-O 


CLR 
S_DONB 
; CLEAR SEND CYCLE DONE FLAG 


MOV 
SBUF , CNTRL _BUF 
; START SENDING THE WRITE CONTROL BYTE 


SENDW, 
JNB 
S_DONE, SENDW 
;WAIT HERE UNTIL 
SEND CYCLE COMPLETED 


CLR 
S_DONE 
; CLEAR SEND CYCLE DONE FLAG 


MOV 
SBUF, DATA_ BUF 
; START 
SENDING 
LOW 
ORDER 
BYTE 
OF 
DATA 


SENDl, 
JNB 
S_DONE, 
SENDI 
j WAIT HERE UNTIL 
SEND CYCLE COMPLETED 


CLR 
S_DONE 
; CLEAR SEND CYCLE DONE FLAG 


MOV 
SBUF, DATA_BUF+l 
; START 
SENDING 
HIGH 
ORDER 
BYTE 
OF 
DATA 


SEND2, 
JNB 
S_DONE, SEND2 
j WAIT HERE UNTIL 
SEND CYCLE COMPLETED 


SETB 
SDAS_SLCT 
; DESELECT 
THE 
SDAS, 
CHIP 
SELECT-I 


RET 


DATA READ SUBROUTINE 
-SER_RDK, 
FOR A SERIAL 
READ 
FROM THE DAS. 
BEFORE CALLING THE 


1 ROUTINE, 
THE READ CONTROL BYTE SHOULD BE LOADED ON THE 
n CNTRL_ BUF" 


; AND THE DATA IS 
LOADED IN 
THE "DATA_BUF- 
UPON RETURN FROM SUBROUTINE. 
;••••••••• 
***. *••• ** *** ••••• 
**.*** ••••• **•••••• 
**. **•• *.* ••• *. *•••• *••••• ** •• 


SER_RD, 


CLR 
SDAS_SLCT 
; SELECT THE SDAS, 
CHIP 
SELECT-O 


CLR 
S_DONE 
; CLEAR 
SEND 
CYCLE 
DONE 
FLAG 


MOV 
SBUF, 
CNTRL_BUF 
; STAAT SENDING THE READ CONTROL BYTE 


SENOR: 
JNB 
S_OONE, 
SENDR 
1WAIT HERE UNTIL 
SEND CYCLE COMPLE;TED 


SETB 
R_EN 
i ENABLE DATA RECEIVE CYCLES 


CLR 
R_DONE 
; START 
A 
DATA 
BYTE 
RECEIVE 
CYCLE 


RCVl, 
JNB 
R_DONE,RCVl 
; WAIT 
HERE 
UNTI 
L 
RECE lVE 
COMPLETED 


MOV 
DATA_BUF, 
SBUF 
i5TORE 
LOW ORDER BYTE IN 
DATA_BUF 


CLR 
R_DONE 
; START 
A 
DATA 
BYTE 
RECEIVE 
CYCLE 


RCV2, 
JNB 
R_DONE,RCV2 
iWAIT HERE UNTIL 
RECEIVE COMPLETED 


MOV 
DATA_ BUF+ 1, SBUF 
i STORE HIGH.ORDBR BYTE IN 
DATA_BUF 


SETB 
SDAS_SLCT 
; DESELECT 
THE 
SDAS, 
CHIP 
SELECT=l 


CLR 
R_EN 
; DISABLE 
DATA 
RECEIVE 
CYCLES 


RET 
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7.0 Digital Interface 
(Continued) 


8051 Assembly 
Code 
Example 
(Continued) 


;•••••• 
** ** ••••••••••••••.•. 
*.** •• _** •.•.•*.* 
to •••••••••••••• 
*.***** •.••• *** •• **** •. 


FIFO 
BURST READ SUBROUTINE 
-RD_FIFO·, 
FOR READING THE CONVERSION RESULTS 


FROM FIFO 
IN 
BURST READ MODE. DATA IS 
READ FROM FIFO 
AND STORED IN 
THE 


SYSTEM MEMORYSTARTING 
FROM THE "DATA_BLK" ADDRESS. 
NUMBER OF CONVERSION 


RESULTS 
BEING READ IS 
-RSLT_NUM". 
THIS 
ROUTINE USES 
THE RO AND Rl 
REGISTERS. 


1 
IT 
IS 
ASSUMED 
THAT 
THEY 
ARE 
IN 
THE 
PRESENT 
REGISTER 
BANX. 
RO IS 
THE POINTER 
TO -DATA_BLK" 
WHERE 
THE CONVERSION RESULTS 
ARE 
STORED. 
Rl 
IS 
USRD AS A COONTER TO KEEP 
TRACK OF THE NUMBER OF RESULTS 
TO BE READ 


FROM FIFO. 


RDJIFO, 


MOV 
RO, DATA_BLK 
; SETTING 
DATA BLOCK POINTER 


MOV 
A, 'RSLT_NUM 
;NUMBER OF RESULTS TO BE READ IN Ace 


RL 
A 
; CALCULATING • 
OF DATA BYTES TO BE 


;READ FROM FIFO, 
EACH CONVERSION 


; RESULTS 
IS 
2 BYTES 


MOV 
Rl.A 
;NUMBER OF DATA BYTES TO a1 
COUNTER 


DEC 
Rl 
; TOTAL DATA BYTES MINUS 
1 
IN 
COONTER 


CLR 
SDAS_SLCT 
; SELECT THE SOAS, 
CHIP 
SELECT-O 


CLR 
S_DONE 
1CLEAR SEND CYCLE DONE FLAG 


MOV 
SBUF, #RBFIFO 
1START SENDING THE FIFO 
BURST READ 


1CONTROL BYTE 


SENDB, 
JNB 
S_ DONE. SENDB 
; WAIT HERE UNTIL 
SEND CYCLE COMPLETED 


SETB 
R_EN 
; ENABLE DATA RECEIVE 
CYCLES 


RD_LP, 
CLR 
R_DONE 
; START A DATA BYTE RECEIVE 
CYCLE 


RCVE, 
JNB 
R_DONE,RCVB 
;WAIT HERE UNTIL 
RECEIVE 
COMPLETED 


MOV 
eRO,SSUF 
;STORE 
DATA BYTES 
IN 
DATA_BLK 


INC 
RO 
; POINTING 
TO NEXT DATA LOCATION 


DJNZ 
Rl.RD_LP 
; READ NEXT BYTE IF 
NOT THE LAST ONE 


SETB 
SDAS_SLCT 
1DESELECT THE SDAS, 
BEFOR 
READING 


;THE LAST BYTE, 
BURST READ TERMINATION 


CLR 
R_DONE 
; START 
A DATA BYTE RECEIVE 
CYCLE 


RCVL, 
JNB 
R_DONE,RCVL 
;WAIT HERE UNTIL 
RECEIVE COMPLETBD 


MOV 
.RO,SBUF 
; STORE 
THE LAST 
DATA BYTE 


CLR 
R_EN 
; DISABLE 
DATA RECEIVE 
CYCLES 


RET 


THIS 
ROUTINE 
INITIALIZES 
TME SDAS 
SERIAL 
INTERFACE 
IN 
CASE THAT A 


COMMUNICATION CYCLE HAS BEEN 
INTERRUPTED. 
THIS 
ROUTINE 
APPLYS 
24 


1 
SERIAL 
CLOCK PULSES 
TO THE DAS WHILE ITS 
'CHIP SELECT 


, 
IS 
HIGH. 
THIS 
ROUTINE 
CAN BE USED AT THE START 
OF THE PROGRAM DURING 
CODE 


DEVELOPMENT OR ANYWHERE THAT A READ OR WRITE 
CYCLE MUST BE 
INTERRUPTED 


, 
BECAUSE 
OF THE SYSTEM 
REQUIREMENT. 


SDAS_ SER_PORT _ RST , 


SETB 
SDAS_ SLCT 


SETB 
R_~N 


CLR 
R_DONE 


TRY!, 
JNB 
R_DONE. TRY! 


CLR 
R_DONE 
TRY2, 
JNB 
R_DONE. TRY2 


CLR 
R_DONE 


TRY3, 
JNB 
R_DONE. TRYJ 


CLR 
R_EN 
RET 


1 START A CYCLE, 
8 
PULSES APPLIED 


,WAIT 
HERE ONTIL 
CYCLE COMPLETED 


1 START A CYCLE, 
8 PULSES 
APPLIED 


1 WAIT HERE UNTIL 
CYCLE COMPLETED 


lSTART 
A CYCLE, 
8 
PULSES APPLIED 


1WAIT HERE UNTIL 
CYCLE COMPLETED 
• 


7.0 Digital Interface 
(Continued) 


7.3 TMS320 
INTERFACE 
MODE 
The TMS320 interface mode is designed to work directly 
with the 
serial interface port of the TMS320C3x and 
TMS320C5x families of digital signal processors. This inter- 
face uses five lines: two data lines (DX, DR), two frame 
synchronization signal lines (FSX, FSR), and a serial clock 
line (SCLK). Note that the TMS320C3x/5x serial interface 
has two separate serial clock lines for transmit and receive 
called CLKX and CLKR, but the LM12434 and LM12(L)438 
only uses one clock input for both receive and transmit. 
Typically, CLKX is specified as an output and drives SCLK 
as well as CLKR (defined as an input). The serial clock for 
this interface mode is a free running clock, with the data 
stream synchronized by SCLK. The start of each data trans- 
fer (the beginning of a data packet) is synchronized by FSX 
(Transmit Frame Sync) or FSR (Receive Frame Sync). This 
interface can communicate with one device; no device se- 
lect signal is used. The following discussion assumes that 
the reader has a basic knowledge of the architecture and 
operation of the TMS320C3x/5x serial interface port. 
The 
TMS320 
interface 
mode 
is 
selected .when 
the 


MODESEL1 and MODESEL2 pins have the logic state of 
"11". Figure 16 shows a typical connection diagram for the 
LM12434 and LM12(L)438 in the TMS320 serial interface 
mode. The FSR, FSX, DX, DR, and SCLK lines are assigned 
to interface pins P1 through P5. 
Data transfer in this mode is programmable by the proces- 
sor 
for 
8-, 
16-, 24-, or 
32-bit data 
packets 
for 
the 


TMS320C3x and 8-, or 16-bit data packets for TMS320C5x. 
The LM12434 and LM12(L1438 uses 16-bit and 32-bit data 
packets. For the TMS320C5x the 32-bit packet is composed 
of two successive 16-bit packets with no gaps between 
them. The data bits in each packet are transferred MSB 
first, and are shifted in on the rising edge of SCLK and are 
stable and captured at the falling edge of the SCLK. As with 
the "Standard" and "8051" interface modes, the LM12434 
and LM12(L1438 has three different communication cycles: 
write cycle, read cycle and burst read cycle. At the start of 
each data transfer cycle, a stream of 9 data bits (the "com- 
mand packet") is written to the LM12434 and LM12(L)438 
and informs it about the communication cycle. The place- 
ment of these 9 bits in the data packet is different in the 
read and write cycles and is discussed for each case sepa- 
rately. The command packet carries the following informa- 
tion: 
- 
what type of data transfer (communication cycle) is start- 
ed 


- 
which device register is to be accessed 


The command packet has the following format: 


NSB (First 
bit being transferred) 
LSB (9th 
bit) 


TL/H/11879-54 


The first bit of the command packet is always the MSB of 
the data packet to to be transferred. 


Figure 15shows the timing diagrams for the three communi- 
cation cycles. Figure 15a shows a write cycle. Figure 15b 
shows a read cycle, and Figure 15c shows a burst read 
cycle. Note that these timing diagrams depict general rela- 
tionships between the SCLK edges, the data bits and the 
frame synchronization signals (FSX, FSR). These diagrams 
are not meant to show guaranteed timing performance. 
(See specification tables for parametric switching character- 
istics.) 
Write cycle: A write cycle begins with an FSX pulse from 
the processor. The first data bit is received by the DAS on 
the DX line during the next SCLK falling edge after the fail- 
ing edge of FSX. A 32-bit data packet is written to the DAS. 
The TMS320C3x does this with a 32-bit transfer, using its 
serial port 32-bit register. With the TMS320C5x family two 
successive 16-bit transfers are initiated without any gap in 
between. The first 9 bits (MSBs) of the data are the com- 
mand packet with the R/W bit and B bit equal to zero. Fol- 
lowing the command packet, a 16-bit data stream starts on 
the falling edge of the 10th SCLK cycle and continues 
through the 25th cycle. The last 7 bits in the 32-bit data 
packet are "don't care" and are ignored by the DAS. The 
data is written to the register addressed in the command 
packet (A3, A2, A1, AO).There is no activity on the FSR and 
DR lines during a write cycle. The write cycle is completed 
after the last data bit is transferred. 
Read cycle: A read cycle also begins with an FSX pulse 
from the processor. The read cycle uses 16-bit data trans- 
fer. Following the FSX pulse, 16 bits of data are written to 
the DAS on the DX line. The first 9 bits (MSBs) of data are 
the command packet with the R/W bit equal to one and the 
B bit equal to zero. The last 7 bits (LSBs) are "don't care" 
and are ignored by the DAS. About 3 to 4 CLK (t~ 
DAS 
main clock input, not the SCLK) cycles after the R/W 
bit is 


received, the DAS generates an FSR pulse to initiate the 
data transfer. Following the FSR pulse, the DAS will send 
16 bits of data to the processor on the DR line. The first bit 
(MSB) of the data appears on the DR line on the next SCLK 
cycle following the FSR pulse. The data is read from the 
register addressed in the command packet. The read cycle 
is completed after the last data bit is transferred. 


7.0 Digital Interface 
(Continued) 
Burst read cycle: A burst read cycle starts the same way 
as a single read cycle, but the B bit in the command packet 
is set to one, indicating a burst read cycle. After the first 16 
bits of data carrying the command packet is written to the 
DAS, the DAS begins to send out the data words from the 
addressed register on the DR line repeatedly. Each data 
word is preceded by an FSR pulse for synchronization. To 
terminate a burst read cycle, the processor does a dummy 
read 
from 
the 
configuration 
register 
during 
the 
last 


data word. This dummy read should be started so that its 
FSR pulse occurs during the 15th to 17th SCLK cycle of the 
last data word as shown in Figure 
15c. The dummy read 


terminates the burst read cycle and shifts out the contents 
of the configuration register on the DR line. This data can be 
discarded. After transfer of the last data bit from the config- 
uration register, the DAS is ready for a new communication 
cycle to begin. 


I 
I 


FSX 
[Tx fram. sync] 
:n: 


to DAS 
----J 
1••,-------------------------------- 
••• ------ 


I 
I 
11 
116 


FSX 
[Tx frame sync] 
:n: 
: 
: 


to 
DAS 
----J 
1••.,--------------------------------------- 


FSR 
[Rll ham. 
sync] 
n 


from 
CAS 
----------------- 
••••••••••• 
----------------'--------- 


(b) Read Cycle 


FIGURE 15. Timing Diagram for LM12434 and LM12{ Ll438 TMS320 5erlallnterlace 
Mode 


III 


I 
I 


rsx Px 
Frame sync] 
:nl 


to CAS 
----.J I••. 
,: 
--- 
__---------------_--- 
__-------------- 
__-- 


I 


OX [ 
Serial Data] 
~ 
0 
toDAS 
~. 
o 
0 ~ff§jjJJJUUffm;UJJd/UJJfd///U/ffdUfflUJu/ffdUJJl(U7U/UJJ/Uff//munrfdJdUJdUJJdJJfffd///J@/f/!j///II!IIR 
! 


OASInt.rnal ! 
I 
I 
I 
I 
I 
I 


Regist,r"ddrns 
I 
I 
I 
I 
I 
I 


Burst Bit = I 
Reed/Writ, Bit 
I 
I 
I 
I 


"1" 
for 
Read 
I 
I 
I 
I 
I 
I 
I 
I 


FSR 
[RX Frame 
Sync] 
n : 
: 
n : 
: 
From 
CAS 
----------------- 
I 
I 
I 
I 
I 
I 
I 
I 


FSR(Cont.) 
••••• 
n 
n 
n 
--.JI~ 
~ 
_ 


(c) Burst 
Read Cycle 


FIGURE 
15. Timing 
Diagram 
for LM12434 
and LM12{Ll438 
TMs320 
Serial 
Interface 
Mode 
(Continued) 


TIlIS320C3x 
family 
of 
DSP Processors 


L1lI12434/ 
LM12{L}438 


1lI00ESEL1 


MOOESEL2 


Sorial 
[ 
;;: 


Port 
OR 


CLKX 


CLKR 


Pl(FSR) 


P2(fSX) 


P3\OX) 


P4(OR) 


PS(SCLK) 


FIGURE 
16. LM12434 
and LM12 (LJ 438 In the TMS320 
Interface 
Mode 


TMS320C3x 
Assembly 
Code Example 


I TMS320C3x 
ASSBMBLY 
ROUTINES 
FOR 


I I11I2U8 
RBGISTER 
ADDRESSES 


CONFIG 
.word 
00000008H 


IIlT1lIl 
.word 
00000009H 


INTSTAT 
.word 
OOOOOOOAH 


TIMER 
.word 
OOOOOOOBH 


FIFO 
.word 
OOOOOOOCH 


FIFODATA 
.word 
OOOOOOOOH 


.epace 
32 


LIMIT 
.word 
OOOOOOODH 


I CONFIG1lREATION 
RBGISTER 


I INTERRUPT 
ENABLE 
REGISTER 
INTERRUPT 
STATUS 
REGISTER 
TIMER 
REGISTER 
FIFO 


RAMO 
RAMI 
RAM2 
RAM3 


RAM4 
RAMS 
RAM6 
RAM7 
CLNDATA 


.word 
OOOOOOOOH 


.word 
0000000IH 


.word 
00000002H 


.word 
00000003H 


.word 
00000004H 
.word 
000000058 


.word 
00000006H 


.word 
00000007H 


.word OOOOFFFFH 


I INSTRUCTION 
RAM 
0 
INSTRUCTION 
RAM 
1 
INSTRUCTION 
RAM 
2 
I INSTRUCTION 
RAM 
3 


I INSTRUCTION 
RAM 
4 
INSTRUCTION 
RAM 
5 
INSTRUCTION 
RAM 
6 
INSTRUCTION 
RAM 
7 


I USED 
FOR 
ZEROING 
DON'T 
CARE 
DATA 
BITS 


.text 
* THE 
PROCESSOR 
IS INITIALIZED. 
THE 
REMAINING 
APPLlCATION- 


* DEPBNDBNT 
PART 
OF THE 
SYSTEM 
(BOTH ON- AND 
OFF-CHIP 
SHOULD 


* NOll BE 
INITIALI ZED. 


* FIRST, 
INITIALIZE 
THE 
CONTROL 
REGISTER. 
IN THIS 
EXAMPLE, 
* BVBRYTBING 
IS INITIALIZED 
TO 
ZERO 
SINCE 
THE ACTUAL 
INITIALIZATION 


* IS ~PLlCATION 
DEPBNDBNT. 


LOI 
eCTRL,ARO 
I LOAD 
in ARO the pointer to control 


1 registers 


LOI 
eDMACTL,RO 


STI 
RO,*+ARO(O) 
I 
Init DNAcontrol 


LOI 
eTIMOCTL,RO 


STI 
RO, *+ARO (32) 
I 
Init 
timer 
control 


LOI 
eTIMICTL,RO 


STI 
RO, *+AR.O 
(48) 
I Init timer 
control 


LOI 
eSERGLOBO, RO 


STI 
RO,*+ARO('4) 
I Init serial 
o global 
control 


LOI 
eSERPRTXO, RO 


STI 
RO,*+ARO(66) 
I Init 
eerial 
xmt control 


LOI 
eSERPRTRO, RO 


STI 
RO,*+ARO(67) 
I Init 
serial 
rev control 


• 


7.0 Digital Interface 
(Continued) 


TMS32OC3x 
Assembly 
Code Example 
(Continued) 


BR 
BEGIN 
NOP 
LOI 
LOI 
LOI 
LOI 
CALL 


.SBRTIMO 
, RO 
Ro, *+ARO (68) 
.SERGLOB1, 
RO 
Ro, *+ARO (80) 


eSERPRTX1, 
RO 
RO,*+ARO(82) 
ItSBRPRTR1, 
RO 
RO, ".ARO 
(83) 
.SBRTIM1, 
RO 
RO, *+ARO (84:) 
.STIMCNT1, 
RO 
RO,*+ARO(85) 
.STIMPRD1, 
RO 


RO, 
*+ARO 
(86) 
.PARINT,RO 
RO, *+.ARO(lOO) 
erOINT,KD 
RO, ".ARO 
(96) 


D/IOF 
.CTRL,ARO 
IICONPIG, RO 
0082H,Rl 
SWRlTE 


LOI 
LOI 
LOI 
CALL 


eINTBN,RO 
071tH,Rl 
OC714H,Rl 
SWRITE 


LOI 
LOI 
CALL 


eTIMER,RD 
OAAAAH,Rl 
SWRITS 


LOI 
LOI 
CALL 
LOI 
LOI 
CALL 
LOI 
LOI 
CALL 
LOI 
LOI 
CALL 
LOI 
LOI 
CALL 
LOI 
LOI 
CALL 
LOI 
LOI 
CALL 
LOI 
LOI 
CALL 


eRAMo,RD 
OOOOH,Rl 
S1IRITB 
.RAM1,RO 
OOOtH,Rl 
S1IRITB 


eRAM2,RO 
0008H, 
Rl 
S1IRITE 
eRAM3,RO 
OOOCH,Rl 
SlfRITE 
.RAMt,RO 
oolOH,Rl 
S1IRITS 
.RAMS,RD 
0014H,Rl 
SWRITS 
.RAM6,RO 
0018H,Rl 
SWRITE 


eRAM7,RO 
D01CH,Rl 


SWRITE 


LOI 
LOI 
CALL 


IICONPIG, RO 
0088H,Rl 
S1IRITB 


32 
CONVERSIONS 


1 24 
CONVERSIONS 
1 INIT. 
INTERRUPT ENABLE REG. 


I 
INSTRUCTIONS 
FOR 8 CONVERSION 


I 
ON BACH CIIANNIlL 
(0-7) 
ALL SINGLE 
BNDED 
SET 
RAMO 


7.0 Digital Interface 
(Continued) 


TMS320C3x 
Assembly 
Code Example 
(Continued) 


CHXINTI 
TSTB 
80H,IOF 


BNZ 
cHKINTl 


LOI 
.INTSTAT, 
RD 


CALL 
SREAD 


DOAGAIN LOI 
.cONFIG,RO 


LOI 
0081H,Rl 


CALL 
SWRlTE 


CHKINT2 
TSTB 
80H,IOF 


BNZ 
CHKINT2 


LOI 
eCONFIG,RO 


LOI 
0080H, 
Rl 


CALL 
SWRITE 


LOI 
.INTSTAT, 
RO 


CALL 
SREAD 


LOI 
32,R4 


PLOOP 
LOI 
R4,Rl 


LOI 
.FIFO,RO 


CALL 
BREAD 


SUBB 
1,R4 


BNZ 
FLOOP 


LOI 
eCONFIG,RO 


LOI 
0OO2H,Rl 


CALL 
SWRITE 


BR 
OOAGAIN 


IDLE 


IF 
FULL 
CALIBRATION 
IS 
DONE SET 
THE START 
BIT 
OF LM12438 
CONFIG. 
REG. 
(SYNc. 
PIN 
OUTPUT) 


START 
LM12438 
SEQUENCER 


, 
LM12438 
BURST'READ 
ROUTINE 
THROUGH 
SERIAL 
PORTl 


BREAD 
PUSH 
ST 
SAVE STATUS 
REG. 


PUSH 
ARO 
1 
SAVE 
ARO 


PUSH 
ARI 
SAVE ARl 


PUSH 
AR2 
SAVE AR2 


PUSH 
RO 
SAVE RO 


PUSH 
Rl 
SAVE R1 


PUSH 
R2 
; 
SAVE 
R2 


PUSH 
R3 
SAVE 
R3 


PUSH 
R4 
SAVE 
R4 


LOI 
ecTaL,ARO 
LOADin ARO the 
pointer 
to 
control 


LOI 
.FIFODATA, 
AR2 
USE AR2 AS 
POINTER 
TO FIFO 
DATA 


LOI 
eSERGLOBIR, 
R2 
PREPARE FOR 16 
BIT 
TRANSMIT 


CMPI 
a,Rl 
IF 
COUNTER IS 
0 
(USER'S 
ERROR) 


BZ 
BDONE2 
TERMINATE 
NOW ELSE 
CONTINUE 


CMPI 
1/Rl 
IF 
A SINGLE 
READ REQUIRED 
THEN 


BZ 
SINGLE 
CALL THE SINGLE 
READ SUBROUTINE 


BR 
MLTIPLE 
ELSE 
GO ON 


SINGLE 
LOI 
.PIPO,RO 
1 
FOR 
8J;NGLE 
READ 
FIFO 
ADDRESS 
IS 


CALL 
SREAD 
CALLING 
SINGLE 
READ ROUTINE 


STI 
Rl, *AR.2++(1) 
1 STORE READ DATA INTO FIPODATA 


BR 
BDONE2 
TERMINATE 


MLTIPLE 
LOI 
13,R4 
SET 
UP 
R4 
AS 
THE 
DELAY 
COUNTER 


LOI 
eSERGLOBIR, 
R2 
I 
PREPARE 
FOR 16 
BIT 
TRANSMIT 


STI 
R2,·+ARO(80) 
In! t serial 
1 global 
control 


RPTS 
7 
I 
POSITION 
THE ADDRESS 


ROL 
RO 
TO START 
AT BIT 
#10 


OR 
lOeOH,RD 
SET THE READ BIT 


LOI 
RO,R3 
RO I S FREED 
FOR LAST 
READ 


LOI 
eCONFIG,RO 
PREPARE 
FOR A LAST 
CONFIG 
REG. 
READ 


RPTS 
7 
WHICH WILL 
STOP 
LM12438 
FROM GENERATING 


ROL 
RO 
FURTHER BURsT 
READS 


OR 
SON,RO 
SET 
THE READ BIT 
TL/H/11879-94 


II 


7.0 Digital Interface (Continued) 


TMS320C3x 
Assembly 
Code Example 
(Continued) 


; 
LM12438 
SINGLE 
READ 
ROUTINE 


SREAD 
PUSH 
ST 


PUSH 
ARO 


PUSH 
RO 
PUSH 
R2 
LOI 
.CTRL,ARO 


LOI 
.SERGLOB1R,R2 


STI 
R2, 
*+ARO (80) 


RPTS 
7 


ROL 
RO 
OR 
80H,RO 


STI 
RO, *+ARO (88) 


RPTS 
2H 
NOP 


CHKR1 
LOI 
*+ARO (80) 
,RD 


TSTB 
1000B,RO 


BNZ 
CHKR1 


RCONT1 
LOI 
*+ARO (80) 
,RO 


TSTB 
OOOlB,RO 


BZ 
RCONT1 


RDONE1 
LOI 


AND 


POP 


POP 


POP 
Pop 


RETS 
LM12438 
WRITE 


SWRITE 
PUSH 


PUSH 


PUSH 
LOI 


LOI 


STI 
AND 


RPTS 


ROL 


RPTS 


ROL 
OR 


STI 
RPTS 


NOP 
CHK1 
LOI 


TSTB 


BNZ 


WDONE1 
POP 


POP 
POP 


RETS 


*+ARO (92) 
, Rl 


OFFFFH,R1 


R2 


RO 
ARO 
ST 


ROUTINE 
THROUGH 


ST 


ARO 
R2 
.CTRL,ARO 


.SERGLOB1W,R2 


R2, 
*+ARO (80) 


.cLNDATA,R1 
23 


RO 
6 
R1 
Rl,RO 


RO, *+ARO (88) 
2H 


*+ARO (80) 
,RO 


1000B, 
RO 


CHK1 


THROUGH 
SERIAL 
PORT1 


SAVE 
STATUS 
REG. 


SAVE 
ARO 


SAVE 
RO 
THE 
READ ADDRESS 
SAVE 
R2 


LOAD 
in ARO 
the pointer 
to control 
PREPARE 
FOR 
16 
BIT 
TRANSMIT 


AND 
16 
BIT 
RECIEVE 
Init 
serial 
1 global 
control 


POSITION 
THE 
ADDRESS 


TO 
START 
AT 
BIT 
#10 


SET 
THE 
READ 
BIT 
Inlt serial 
1 data xmt register 


PROVIDE 
DELAY 
FOR 
UPDATE 
OF 


XSREMPTY 
BIT 
IN 
GLOB 
CONT 
REG. 
; 
READ 
SER. 
1 
CONTROL 
XSREMPTY 


CHECK 


IF 
IT 
IS 
CLEAR 
(TRANSMIT 
COMPLETE) 
CONTINUE 


READ 
SER. 
1 
CONTROL 


CHEK 
RRDY BIT 


IF 
RRDY 
IS 
1 
(RECEIVE 
COMPLETE) 
CONTINUE 


LOAD DRR 
(RECEIVED 
DATA) 
INTO 
R1 


; 
CLEAN 
UP 
UPPER 
BITS 


RESTORE 
R2 


RESTORE 
RO 
THE 
READ 
ADDRESS 


RESTORE 
ARO 


RESTORE 
ST 


SERIAL 
PORT1 


SAVE 
STATUS 
REG. 


SAVE 
ARO 


; 
SAVE 
R2 
LOAD 
in ARO 
the pointer 
to control 


I 
PREPARE 
FOR 
32 
BIT 
TRANSMIT 
loft 
serial 
1 global 
control 


CLEAN 
UP 
UNUSED 
ADD. 
BITS 


POSITION 
THE 
ADDRESS 
TO 
START 
AT 
BIT 
#27 


Inlt serial 
1 data xmt 
register 


PROVIDE 
DELAY 
FOR 
UPDATE 
OF 


XSREMPTY 
BIT 
IN 
GLOB 
CONT 
REG. 
READ 
SER. 
1 
CONTROL 
XSREMPTY 


CHECK 
IF 
IT 
IS 
CLEAR 
(TRANSMIT 
COMPLETE) 
CONTINUE 


RESTORE 
R2 


RESTORE 
ARO 


RESTORE 
ST 
• 


ClO'----------------------------------------- 
(II)•• 
..I 


N 
.•.. 
~..I 
~ 
(II)•• 
N 
.•.. 
~..I 


7.0 Digital Interface (Continued) 


7.412C BUS INTERFACE 
The 12Cbus is a serial synchronous bus structure. It is a 
multi-master bus, which means that more than one device 
capable of controlling the bus can be connected to it. The 
bus uses 2 wires, serial data (SDA) and serial clock (SCl), 
to carry information between the devices connected to the 
bus. Both data and clock lines are bidirectional and are con- 
nected to the positive power supply via a pull-up resistor. 
Each device is identified by a unique address, whether it is a 
microprocessor/controller or a peripheral such as memory, 
keyboard, data-converter or display. Each device can oper- 
ate as either transmitter or receiver, depending on the func- 
tion of the device. In addition to transmitters and receivers, 
devices can also be considered as masters and slaves 
when performing data transfer. A master is the device that 
initiates a data transfer on the bus and generates the clock 
signals to permit that transfer. At that time, any device ad- 
dressed is considered slave. It should be apparent that the 
12Cbus is not merely an interconnecting wire, it embodies 
comprehensive formats and procedures for addressing, 
transfer cycles start and stop, clock generation/synchroni- 
zation and bus arbitration. The following discussion as- 
sumes that the reader is familiar with the specification and 
architecture of the 12Cbus. 
The lM12434 and lM12(l)438's 
12Cbus interface is se- 
lected when the MODESEl1 and MODESEl2 pins have the 
logic state of "10". 
Figure 
18 shows a typical connection 
diagram for the lM12434 and lM12(l)438 
to the 12Cbus. 
As was mentioned, communication on the 12Cbus is per- 
formed on 2 lines, SCl (serial clock) and SDA (serial data); 
pins P5 and P4 are assigned to these lines. The DAS oper- 
ates as a slave on the 12Cbus. As a result, the SCl line is 
an input (no clock is generated by the lM12434 
and 
lM12(l)438) 
and the SDA line is a bi-directional serial data 
path. According to 12Cbus specifications, the DAS has a 
7-bit slave address. The four most significant bits of the 
slave address are hard wired inside the lM12434 
and 
lM12(l)438 
and are "0101". The three least significant 
bits of the address are assigned to pins P3-P1. Therefore, 
the lM12434 and lM12(l)43812C 
slave address is: 


I 
0 
I 1 I 0 I 1 I P3 I P2 I 
P1 I 


MSB 
lSB 
Tying the P3-P1 pins to different logic levels allows up to 
eight lM12434 and lM12(l)438's 
to be addressed on a 
single 12Cbus. 


Figure 
17 shows the timing diagram for the read and write 
cycles for the lM12434 and lM12(l)438's 
12Cinterface. 


This timing diagram depicts the general relationship be- 
tween the serial clock edges and the data bits. It is not 
meant to show guaranteed timing performance. (See speci- 
fication tables for parametric switching characteristics.) The 
DAS's 12Cinterface timing parameters fully meet or exceed 
the 12Cbus specification. Data transfer on the 12Cbus is 
byte oriented and the 16-bit data to be written to or read 
from each register is transferred in two bytes. 


Write cycle: A write cycle is illustrated in Figure 
17a. Com- 
munication is initiated with a start condition generated by a 
master (12Cbus specification), followed by a byte of the 
DAS's slave address with the read/write bit (8th bit) being 
"0", indicating a write cycle will follow. At the 9th SCl clock 
pulse of the first data packet, the DAS pulls the SDA line 
low ("0") to acknowledge that it has been addressed. The 
nex1byte is the address of the DAS register to be accessed. 
The format of this byte is three "O's" (MSBs) followed by 
four bits of register address (MSB first as shown) and a "0" 
as the last bit (lSB). After the DAS acknowledges the ad- 
dress byte, the 16-bit data proceeds in two bytes, beginning 
with the high order byte (MSB first). The direction of the 
data in a write cycle is from master to DAS with acknowl- 
edgement given by the DAS at the end of each byte. The 
cycle is completed by a stop condition generated by the 
master. 
Read/burst 
read cycle: The read and burst read cycles for 
the 12Cinterface are combined in a single format. A read 
cycle is shown in Figure 
17b. A read cycle starts the same 
as a write with a slave address byte for write followed by a 
register address byte. After the register address byte is writ- 
ten to the DAS, the bus should be released without any stop 
condition. The master then applies a repeat start condition 
followed by the DAS's slave address, but with the read/ 
write bit being "1", indicating a read request from the mas- 
ter. The DAS (slave) acknowledges its address and begin- 
ning with the nex1byte, the direction of the data will be from 
DAS to master. The DAS starts to transmit the contents of 
its register (addressed previously at second byte of the cy- 
cle) synchronized with the clocks applied by the master. An 
even number of data bytes should be read from the DAS 
(two bytes per register). At the end of each byte received 
from the DAS the bus master generates an acknowledge. 
The DAS continues to repeat transmitting its register con- 
tents as long as the master is transmitting clocks and ac- 
knowledges at the end of each byte. The DAS recognizes 
the end of the transfer whenever the master does not ac- 
knowledge at the end of an even numbered byte. At this 
point, the master should generate a stop condition as re- 
quired by the 12Cbus specification. Notice that the master 
may read only one word (single read) or as many words (two 
bytes each) as it needs using the read procedure. 


(b) Read Cycle/Burst 
Read Cycle 


FIGURE 17.Timing Diagrams for LM12434 and LM12[L)43812C Interface 
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7.0 Digital Interface (Continued) 


7.4.1 Example 
of Interfacing 
to an 12C Bus Controller 
(No Assembly 
Code) 


~ icroprocessor 
/ 
~ icrocontroller 


System 


12C Controller 
PCD 8584 


DO 
Data 
+5V 


07 


AO 


CS 


Ro 


ViR 
SDA 


INT 
SCL 


Lt.l12434/ 


Lt.l12{L}438 


t.lODESEL 1 


t.lODESEL2 


Pl(Slove 
ADDO) 


P2(Slove 
ADD1) 


P3(Sj8ve 
ADD2) 


P4(SDA) 


PS(SCL) 


Slave 
address, 


ADD6-ADDO: 
0101111 


} 
To other 


Peri pherals 


8.0 Analog Considerations 


8.1 REFERENCE 
VOLTAGE 


The difference 
between 
the voltages 
applied 
to the VREF + 


and VREF- 
is the analog 
input voltage 
span (the difference 


between 
the voltages 
applied 
across 
two multiplexer 
inputs 


or the voltage 
applied 
to one of the multiplexer 
inputs 
and 


analog 
ground, 
over which 
4095 positive 
and 4096 negative 


codes 
exist). The voltage 
sources 
driving 
VREF + or VREF- 


must have very low output 
impedance 
and noise. The circuit 


in Figure 
19 is an example 
of a very stable 
reference 
appro- 


priate 
for use with the LM12434 
and LM12(L}438. 


The ADC can be used in either ratiometric 
or absolute 
refer- 


ence 
applications. 
In ratiometric 
systems, 
the analog 
input 


voltage 
is proportional 
to the 
voltage 
used 
for the 
ADC's 


reference 
voltage. 
When 
this voltage 
is the system 
power 


supply, 
the VREF+ 
pin is connected 
to VA + and VREF- 
is 


connected 
to GND. This technique 
relaxes 
the system 
refer- 


ence 
stability 
requirements 
because 
the analog 
input volt- 


age 
and 
the 
ADC 
reference 
voltage 
move 
together. 
This 


maintains 
the same output 
code for given 
input conditions. 


For absolute 
accuracy, 
where 
the analog 
input voltage 
var- 
ies between 
very specific 
voltage 
limits, a time and tempera- 


ture stable 
voltage 
source 
can be connected 
to the refer- 
ence 
inputs. 
Typically, 
the 
reference 
voltage's 
magnitude 


will 
require 
an initial 
adjustment 
to null 
reference 
voltage 


induced 
full-scale 
errors. 


8.2 INPUT 
RANGE 


The LM12434 
and LM12{L)438's 
fully differential 
ADC and 


reference 
voltage 
inputs 
generate 
a two's-complement 
out- 


put that is found 
by using the equation 
below. 


output 
code = V VIN+ 
- 
~IN- 
(4096) 
- 
% 
(12-bit) 
REF+ 
- 
REF- 


output 
code = V VIN + - 
~IN - 
(256) - % 
(8-bit) 
REF+ 
- 
REF- 


Round 
up to the next integer 
value between 
-4096 
to 4095 


for 12-bit resolution 
and between 
- 256 to 255 for 8-bit res- 
olution 
if the 
result 
of the 
above 
equation 
is not 
a whole 


number. 
As an example, 
VREF+ 
= 2.5V, 
VREF- 
= W, 
VIN+ 
= 1.5V and VIN- 
= GND. The 12-bit + sign output 


code 
is positive 
full-scale, 
or 0,1111,1111,1111. 
If VREF + 


= 5V, VREF- 
= W, VIN+ 
= 3V, and VIN- 
= GND. 
the 


12-bit + sign output 
code 
is 0,1100,0000,0000. 


8.3 INPUT CURRENT 


A charging 
current 
flows 
into or out of (depending 
on the 


input voltage 
polarity) 
the analog 
input pins, INO-IN7 
at the 


start 
of the 
analog 
input 
acquisition 
time 
(tACO). This 
cur- 


rent's 
peak 
value 
will depend 
on the 
actual 
input 
voltage 


applied. 


8.4 INPUT SOURCE 
RESISTANCE 


For low impedance 
voltage 
sources 
( <600 
for 8 MHz oper- 


ation), 
the input charging 
current 
will decay, 
before 
the end 


of the 5tH's 
acquisition 
time, to a value 
that will not intro- 


duce any conversion 
errors. 
For higher source 
impedances, 


the 5tH's 
acquisition 
time can be increased. 
As an exam- 


ple, operating 
with a 8 MHz clock 
frequency 
and maximum 


acquisition 
time, the LM12434 
and LM12438's 
analog 
inputs 


can handle 
source 
impedances 
as high as 4.17 kO. Refer to 


Section 
6.2.1, 
Instruction 
RAM "00", 
Bits 12-15 
for further 


information. 


8.5 INPUT BYPASS 
CAPACITANCE 


External 
capacitors 
(0.01 JLF-0.1 
JLF) can be connected 
be- 


tween 
the analog 
input pins, INO-IN7. 
and analog 
ground 
to 


filter 
any noise 
caused 
by inductive 
pickup 
associated 
with 


long input leads. These 
capacitors 
will not degrade 
the con- 


version 
accuracy. 


8.6 INPUT NOISE 


The 
leads 
to 
each 
of 
the 
analog 
multiplexer 
input 
pins 


should 
be kept as short as possible. 
This will minimize 
Input 


noise and clock 
frequency 
coupling 
that can cause 
conver- 


sion errors. 
Input filtering 
can be used to reduce 
the effects 


of the noise sources. 


8.7 POWER 
SUPPLY 
CONSIDERATIONS 


Decoupling 
and bypassing 
the power supply on a high reso- 


lution ADC is an important 
design 
task. 
Noise spikes 
on the 


VA + 
(analog 
supply) 
or Vo + 
(digital 
supply) 
can 
cause 


conversion 
errors. 
The analog 
comparator 
used in the ADC 


will respond 
to power 
supply 
noise and will make erroneous 


conversion 
decisions. 
The 
DAS 
is especially 
sensitive 
to 


power 
supply 
spikes 
that occur 
during 
the auto-zero 
or lin- 


earity calibration 
cycles. 


- 
5.97 kO 


0.'% 
- 


4.07kO 
47kO 


O.HII 
- 
- 
- 


• 


pins for the analog and digital portions of the circuit allow 
separate external bypassing. To minimize power supply 
noise and ripple adequate bypass capacitors should be 
placed directly between power supply pins and their associ- 
ated grounds. Both supply pins are generally connected to 
the same supply source. In systems with separate analog 
and digital supplies, the DAS should be powered from the 
analog supply. At least a 10 ,."Ftantalum electrolytic capaci- 
tor in parallel with a 0.1 ,."Fmonolithic ceramic capacitor is 
recommended for bypassing each power supply. The key 
consideration for these capacitors is to have the low series 
resistance and inductance. The capacitors should be placed 
as close as physically possible to the supply and ground 
pins with the smaller capacitor closer to the device. The 
capacitors also should have the shortest possible leads in 
order to minimize series lead inductance. Surlace mount 
chip capacitors are optimal in this respect and should be 
used when possible. 


When the power supply regulator is not local 6n the board, 
adequate bypassing (a high value electrolytic capacitor) 
should be placed at the power entry point. The value of the 
capacitor depends on the total supply current of the circuits 
on the PC board. All supply currents should be supplied by 
the capacitor instead of being drawn from the external sup- 
ply lines, while the external supply charges the capacitor at 
a steady rate. 
The DAS has two Vo+ 
and DGND pins on two sides of its 


package. It is recommended to use a 0.1 ,."Fplus a 10 ,."F 
capacitor between pins 15 and 16 (Vo+) 
and 14 (DGND) 


and a 0.1 ,."F capacitor between pins 28 (Vo+) 
and 1 


(DGND) for the PLCC package. The respective pins for the 
SO package.are 21 and 22 (Vo+) and 20 (DGND), 6 (Vo+) 
and 7 (DGND). The layout diagrams in Section 8.8 show the 
recommended placement for the supply bypass capacitors. 


8.8 PC BOARD 
LAYOUT 
AND GROUNDING 


CONSIDERATIONS 
To get the best possible perlormance from the LM12434 
and LM12(L)438, 
the printed circuit boards should have 


separate analog and digital ground planes. The reason for 
using two ground planes is to prevent digital and analog 
ground currents from sharing the same path until they reach 
a very low impedance power supply point. This will prevent 
noisy digital switching currents from being injected into the 
analog ground. 


Figure 
20 illustrates a favorable layout for ground planes, 
power supply and reference input bypass capacitors. Figure 
20a 
shows a layout using a 28-pin PLCC socket and 


through-hole assembly. Figure 
20b shows a surlace mount 


layout for the same 28-pin PLCC package. A similar ap- 
proach should be used for the SO package. 
The analog ground plane should encompass the area under 
the analog pins and any other analog components such as 
the reference circuit, input amplifiers, signal conditioning cir- 
cuits, and analog signal traces. 


The digital ground plane should encompass the area under 
the digital circuits and the digital Input!output pins of the 
DAS. Having a continuous digital ground plane under the 


sections through stray capacitances. 
The AGND and DGND in the LM12434 and LM12(L)438 
are not internally connected together. They should be con· 
nected together on the PC board right at the chip. This will 
provide the shortest return path for the signals being ex- 
changed between the internal analog and digital sections of 
the DAS. 
It is also a good design practice to have power plane layers 
in the PC board. This will improve the supply.bypassing (an 
effective 
distributed 
capacitance 
between 
power 
and 


ground plane layers) and voltage drops on the supply lines. 
However, power planes are not essential as ground planes 
are for the perlormance of the DAS. If power planes are 
used, they should be separated into two planes and the 
area and connections should follow the same guidelines as 
mentioned for the ground planes. Each power plane should 
be laid out over its associated ground planes, avoiding any 
overlap between power and ground planes of different 
types. When the power planes are not used, it is recom- 
mended to use separate supply traces for the VA+ 
and 


Vo+ pins from a low impedance supply point (the regulator 
output or the power entry point to the PC board). This will 
help ensure that the noisy digital supply does not corrupt 
the analog supply. 
When measuring AC input signals with the DAS, any cross- 
talk between analog input! output lines and the reference 
lines (INO-IN7, MUXOUT±, StH IN±, VREF±) should be 
minimized. Cross talk is minimized by reducing any stray 
capacitance between the lines. This can be done by in- 
creasing the clearance between traces, keeping the traces 
as short as possible, shielding traces from each other by 
placing them on different sides of the AGND plane, or run· 
ning AGND traces between them. 


Figure 20 also shows the reference input bypass capacitors. 
Here the reference inputs are considered to be differential. 
The perlormance of the DAS improves by having a 0.1 ,."F 
capacitor between the VREF+ and VREF-, and by bypass- 
ing in a manner similar to that described in Section 8.7 for 
the supply pins. When a single ended reference is used, 
VREF- is connected to AGND and only two capacitors are 
used between VREF+ and VREF- (0.1 ,."F + 10 ,."F).It is 
recommended to directly connect the AGND side of these 
capacitors to the VREF- instead of connecting VREF- and 
the ground sides of the capacitors separately to the ground 
planes. This provides a significantly lower-impedance con- 
nection when using surlace mount technology. 


Figure 21 is intended to give a general idea of how the DAS 
should be wired and interlaced to a ,."Cthat operates in the 
Standard Interlace mode. All necessary analog and digital 
power supply and voltage reference bypass capacitors are 
shown. A voltage reference of 4.096V generated by the 
LM4040-4.1 is connected to the VREF+ of the DAS and the 
VREF- is connected to analog ground. The serial interlace 
pins P1 through P5 of the DAS are connected to the ,."C's 
serial control lines and the interrupt pin of the DAS is wired 
directly to the interrupt of the ,."C.In this diagram the DAS 
runs on a separate clock than the ,."C, however, in some 
applications the DAS analog clock (CLK) may be a deriva- 
tive of the ,."C'sclock. 
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AGND 
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Ground 
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DGND 


+ 
5V 
Power 
Supply 


(a) Through Hole Technology with 28-Pln PLCC Socket 


FIGURE 20. Printed Circuit Board Layoutfor 
LM12434 and LM12lLl438 
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(b) SUrface 
Mount Technology 
for 28·Pln PLCC Package 


FIGURE 
20. Printed 
Circuit 
Board 
Layout 
for LM12434 
and LM12 (L )438 (Continued) 
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8.0 Analog Considerations 
(Continued) 
i: 
..•. 
~~ 
Co)~ 
...... 


Mlcrocontroller 
(Standard 
Interface 
Mode) 
r-i: 
..•. 
~ 
r- 


INT 
R/F' 
Cs 
01 
DO 
SClK 
~ 
Co) 
VA+ 
CD 
DGND 


28 
MODESEll 
MODESEl2 


8104Hz CLOCK 
27 
ClK 
Pl 


INT 
26 
P2 


25 
SYNC 
P3 


24 
Vo+ 
STANDBY _OUT 
P4 


23 
Vo+ 
P5 
Vo+ 


22 
DGND 
Vo+ 
Vo+ 


DGND 
INO 
Vo+ 


IN1 
DGND 


10 
IN2 
VA+ 


11 
VA+ 


IN3 
AGND 


12 
'"'" 
IN4 
VREr- 
..• 
SOT-23 


13 
16 
4.096V 
II 


IN5 
VREr+ 


14 
15 


"- 
"- 
"- 
IN6 
IN7 
~~ 
~ 
NC 


LM 12438CIWM 
AGND 


lM4040-4.1 


f}1National 
Semiconductor 


LM 12454/LM 12H454/LM 12458/LM 12H458 12-Bit + 
Sign Data Acquisition System with Self-Calibration 
General Description 
- 9-bit conversion time 


The LM12454, LM12H454, LM12458. and LM12H458 are 
- 
13-bit Through-put rate 


highly integrated Data Acquisition Systems. Operating on 
just 5V, they combine a fully-differential self-calibrating (cor- 
- 
Comparison time 


recting linearity and zero errors) 13-bit (12-bit + sign) ana- 
("watchdog" mode) 
log-to-digital converter (ADC) and sample-and-hold (S/H) 
with extensive analog functions and digital functionality. Up 
to 32 consecutive conversions, using two's complement for- 
mat, can be stored in an internal 32-word (16-bit wide) FIFO 
data buffer. An internal 8-word RAM can store the conver- 
sion sequence for up to eight acquisitions through the 
LM12(H)458's eight-input multiplexer. The LM12(H)454 has 
a four-channel multiplexer, a differential multiplexer output, 
and 
a 
differential 
S/H 
input. 
The 
LM12(H)454 
and 


LM12(H)458 can also operate with 8-bit + sign resolution 
and in a supervisory "watchdog" 
mode that compares an 


input signal against two programmable limits. 
Programmable acquisition times and conversion rates are 
possible through the use of internal clock-driven timers. The 
reference voltage input can be externally generated for ab- 
solute or ratiometric operation or can be derived using the 
internal 2.5V bandgap reference. 
All registers, RAM, and FIFO are directly addressable 
through the high speed microprocessor interlace to either 
an 
8-bit 
or 
16-bit 
databus. 
The 
LM12(H)454 
and 


LM12(H)458 include a direct memory access (DMA) inter- 
face for high-speed conversion data transfer. 


An evaluation/Interface 
board 
Is available. 
Order 
num- 


ber LM12458EVAL. 
Additional applications information can be found in applica- 
tions note AN-906. 


Key Specifications 
(fCLK= 5 MHz; 8 MHz, H) 


_ Resolution 
12-bit + sign or 8-bit + sign 


_ 13-bit conversion time 
8.8 fLs, 5.5 fLs (H) (max) 


4.2 fLs, 2.6 fLs (H) (max) 


88k samples/s (min) 
140k samples/s (H) (min) 


_ ILE 


_ VIN range 
_ Power dissipation 
_ Stand-by mode 
_ Single supply 


2.2 fLs (max) 
1.4 fLs (H) (max) 
±1 LSB (max) 
GND to VA+ 


30 mW, 34 mW (H) (max) 
50 fLW (typ) 
3V to 5.5V 


Features 
_ Three operating modes: 12-bit + 
sign, 8-bit + 
sign, 


and "watchdog" 


_ Single-ended or differential inputs 
_ Built-in Sample-and-Hold and 2.5V bandgap reference 
_ Instruction RAM and event sequencer 
_ 8-channel (LM12(H)458). 4-channel (LM12(H)454) 


multiplexer 


_ 32-word conversion FIFO 
_ Programmable acquisition times and conversion rates 
_ Self-calibration and diagnostic mode 
_ 8- or 16-bit wide databus microprocessor or DSP 


interlace 


Applications 
_ Data Logging 
_ Instrumentation 
_ Process Control 
_ Energy Management 
_ Inertial Guidance 


Guaranteed 
Guaranteed 
Order 
5eeNS 
Clock Freq (mln) 
Linearity 
Error (max) 
Part Number 
Package 
Number 


8MHz 
±1.0 LSB 
LM12H454CIV 
V44A 
LM12H458CIV 
V44A 
LM12H458CIVF 
VGZ44A 
LM12H458MEL/883 
EL44A 
or 5962-9319502MYA 
LM12H458MW/883 or 
WA44A 
5962-9319502MXA 


5 MHz 
± 1.0 LSB 
LM12454CIV 
V44A 
LM12458CIV 
V44A 
LM12458CIVF 
VGZ44A 
LM12458MEL/883 
EL44A 
or 5962-9319501MYA 
LM12458MW/883 or 
WA44A 
5962-9319501MXA 


D5 


D6 


D7 


D8 
LM12458 


D9 
LM12H458 


VD' 
(LM12454) 
DID 


Dll 
(LM12H454) 


D12 


DI3 


D14 


IN5(WUXOUT+ )' 


IN4(WUXOUT-)' 


IN3 


IN2 


INI 


INO 


CND 


DWARO 


'Pin 
names in () apply to the LM12454 and LMI2H454. 
Order 
Number 
LM12454CIV, 
LM12H454CIV, 
LM12458CIVor 
LM12H458CIV 
See NS Package 
Number 
V44A 


Order 
Number 
LM12458MEL/883 
or 5962·9319501 MYA, 
LM12H458MEL/883 
or 5962·9319502MYA, 
LM12458MW/883 
or 5962·9319501MXA, 
LM12H458MW/883 
or 5962·9319502MXA 
See NS Package 
Number 
EL44A or WA44A 
• 


D5 
IN5 


D6 
IN4 


D7 
IN3 


D8 
IN2 


D9 


LM12458 
INI 


vD' 
INO 


DID 
LM12H458 
CND 


Dll 
DWARO 


D12 
jjif 


D13 
BW 


D14 
SYNC 


Order 
Number 
LM12458CIVF 
or LM12H458CIVF 
See NS Package 
Number 
VGZ44A 


- 
S/H 
IN. 
CX) 
it) 
S/H 
IN- 
VREfOUT 
..,. 
N 
~UXOUT• 
.- 
~ 
~UXOUT- 
...•- 
..,. 
it)..,. 
:J: 
N.- 
~...• 
V; 
VO 
GNO 
- 
SYNC 
..,. 
! ! ! 
it)..,. 
N 
ClK 
.- 
~...• 


TNT 


O~ARQ 


~ 
t CONTROLlOGf"fTTl 


AO Al 
A2 A3 
A4 
CS Rli ViR ALE 


v; 
VO 
GNO 
! ! ! 


TNT 


O~ARQ 


~ 
t CONTROLlOGfTT"Tl 


'iNI 
DO 
01 
02 
03 
04 
05 
06 
07 
08 
09 
010011012013014015 
AO Al 
A2 A3 A4 
CS Rli ViR ALE 
(LSB) 
(~S8) 


Absolute Maximum Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
See AN-4S0 
"Surface 
Mounting 
Methods 
and Their 
Effect 


please 
contact 
the 
National 
Semiconductor 
Sales 
on Product 
Reliability" 
for other 
methods 
of soldering 
sur- 


Office/Distributors 
for 
availability 
and 
specifications. 
face 
mount 
devices. 


Supply Voltage 
(VA + and Vo +) 
6.0V 
Operating Ratings 
(Notes 
1 & 2) 
Voltage 
at Input and Output 
Pins 


except 
INO-IN3 
(LM12(H)4S4) 
-0.3V 
to v+ 
+ 0.3V 
Temperature 
Range 


and INO-IN7 
(LM12(H)4S8) 
(Tmin S; TA S; Tmaxl 


Voltage 
at Analog 
Inputs 
INO-IN3 
(LM12(H)4S4) 
LM12(H)4S4CIV 
/LM12(H)4S8CIV 
- 400C S; TA S; 8S'C 


and INO-IN7 
(LM12(H)4S8) 
GND 
- 
SVtoV+ 
+ SV 
LM12(H)4S8MEL(MW)/883 
-SS'C 
s; TA s; 12S'C 


IVA+ 
- 
vo+1 
300 mV 
Supply 
Voltage 


Input Current 
at Any Pin (Note 3) 
±SmA 
VA+, 
Vo+ 
3.0VtoS.SV 


Package 
Input Current 
(Note 3) 
±20mA 
IVA+ 
- 
vo+1 
S; 100 mV 


Power 
Dissipation 
(TA = 2S'C) 
VIN+ 
Input Range 
GND 
S; VIN+ 
S; VA+ 


V Package 
(Note 4) 
87SmW 
VIN- 
Input Range 
GND 
S; VIN- 
S; VA+ 


Storage 
Temperature 
- 6S'C to + 1S0'C 
VREF + Input Voltage 
1V S; VREF+ 
S; VA + 


Lead Temperature 
VREF - 
Input Voltage 
OV S; VREF- 
S; VREF+ 
- 
1V 
V Package, 
Infrared, 
15 sec. 
+300'C 
VREF+ 
- 
VREF- 
1V S; VREF S; VA + 


EL and W Packages, 
Solder, 
10 sec. 
+2S0'C 
VREF Common 
Mode 
ESD Susceptibility 
(Note 5) 
1.5 kV 
Range (Note 16) 
0.1 VA+ 
S; VREFCM S; 0.6VA+ 


LM12(H)4S8MEL(MW)/883 
2.0kV 


Converter Characteristics 
The following 
specifications 
apply to the LM124S4, 
LM12H4S4, 
LM124S8, 
and LM12H4S8 
for VA + = Vo+ 
= SV, VREF+ 
= 


SV, VREF- 
= OV, 12-bit 
+ 
sign conversion 
mode, 
fCLK = 8.0 MHz (LM12H4S4/8) 
or fCLK = 5.0 MHz (LM124S4/8), 
RS = 


250, 
source 
impedance 
for VREF+ 
and 
VREF- 
S; 250, 
fUlly-differential 
input 
with 
fixed 
2.SV common-mode 
voltage, 
and 
minimum 
acquisition 
time unless otherwise 
specified. 
BoldfaceUmlts 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits 
TA = TJ = 2S·C. (Notes 
6,7,8,9 
and 19) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Unit 


(Note 
10) 
(Note 
11) 
(Limit) 


ILE 
Positive 
and Negative 
Integral 
After Auto-Cal 
(Notes 
12, 17) 
±1/2 
±1 
LSB (max) 
Linearity 
Error 


TUE 
Total 
Unadjusted 
Error 
After Auto-Cal 
(Note 12) 
±1 
LSB 


Resolution 
with No Missing Codes 
After Auto-Cal 
(Note 12) 
13 
Bits (max) 


DNL 
Differential 
Non-Linearity 
After Auto-Cal 
±% 
LSB (max) 


Zero Error 
After Auto-Cal 
(Notes 
13, 17) 
±1 
LM12H4S4 
±1/2 
± 1.5 
LSB (max) 


~1 
LM12H4S8 
± 1.5 


Positive 
Full-Scale 
Error 
After Auto-Cal 
(Notes 
12, 17) 
±1/2 
±2 
LSB (max) 


• 
LM12(H)4S8MELlMW 
±2.5 


- 
Negative 
Full-Scale 
Error 
After Auto-Cal 
(Notes 
12, 17) 
±2 
LM12(H)4S8MEL/MW 
±1/2 
±2.5 
LSB (max) 


DC Common 
Mode Error 
(Note 14) 
±2 
±3.5 
LSB (max) 


ILE 
8-Bit 
+ Sign and "Watchdog" 
(Note 12) 


Mode Positive 
and Negative 
±1/2 
LSB (max) 
Integral 
Linearity 
Error 


TUE 
8-Bit 
+ Sign and "Watchdog" 
Mode 
After Auto-Zero 
±1/2 
±3/4 
Total Unadjusted 
Error 
LSB (max) 


8-Bit 
+ Sign and "Watchdog" 
Mode 
9 
Bits (max) 
Resolution 
with No Missing 
Codes 


DNL 
8-Blt 
+ Sign and "Watchdog" 
Mode 
," 


Differential 
Non-Linearity 
±3/4 
LSB (max) 


8-Bit 
+ Sign and "Watchdog" 
Mode 
After Auto-Zero 
±1/2 
LSB (max) 
Zero Error 


a·BIt + SIgn and "Watchdog" 
POIItIv, 
±1/2 
LSB (max) 
, 
and Negative 
Full·scale 
Error 
. 


• 


Converter Characteristics 
The following specifications apply to the LM12454, LM12H454, LM12458, and LM12H458 for VA+ 
= 
Vo+ 
= 
5V, 
VREF+ = 
5V, VREF- 
= 
OV, 12-bit + sign conversion mode, fCLK = 
8.0 MHz (LM12H454/8) 
or fCLK = 
5.0 MHz 


(LM12454/8), Rs = 25fi, source impedance for VREF+ and VREF- ,,; 25fi, fully-differential input with fixed 2.5V common- 
mode voltage, and minimum acquisition time unless otherwise specified. Boldface 
limits 
apply 
for 
T" = TJ = TIlIN to 


TIIAX; all other limits TA = TJ = 25'C. (Notes 6, 7, 8, 9 and 19) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Unit 


(Note 10) 
(Note 11) 
(Limit) 


8-Bit + Sign and "Watchdog" Mode 
±1/8 
LSB 
DC Common Mode Error 


Multiplexer Channel-to-Channel 
±0.05 
LSB 
Matching 


VIN+ 
Non-Inverting Input Range 
GND 
V (min) 


V,,+ 
V (max) 


VIN- 
Inverting Input Range 
GND 
V (min) 


V,,+ 
V (max) 


VIN+ - VIN- 
Differential Input Voltage Range 
-V,,+ 
V (min) 


V,,+ 
V (max) 


VIN+ - VIN- 
Common Mode Input Voltage Range 
GND 
V (min) 
2 
V,,+ 
V (max) 


PSS 
Power Supply 
Zero Error 
VA+ = Vo+ = 5V ±10% 
±0.2 
±1.75 
LSB (max) 


Sensitivity 
Full-Scale Error 
VREF+ = 4.5V, VREF- = GND 
±0.4 
±2 
LSB (max) 


(Note 15) 
Linearity Error 
±0.2 
LSB 


CREF 
VREF+ IVREF- Input Capacitance 
85 
pF 


CIN 
Selected Multiplexer Channel Input 
75 
pF 
Capacitance 


Converter AC Characteristics 
The following specifications apply to the LM12454, LM12H454, LM12458, and LM12H458 for VA+ 
= 
Vo+ 
= 
5V, 
VREF+ = 
5V, VREF- 
= 
OV, 12-bit + sign conversion mode, fCLK = 
8.0 MHz (LM12H454/8) 
or fCLK = 
5.0 MHz 


(LM12454/8), Rs = 25fi, source impedance for VREF+ and VREF- ,,; 25fi, fully-differential input with fixed 2.5V common- 
mode voltage, and minimum acquisition time unless otherwise specified. Boldface 
limits 
apply 
for 
T" = TJ = TIlIN to 


TIIAX; all other limits TA = TJ = 25'C. (Notes 6,7,8,9 
and 19) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Unit 


(Note 10) 
(Note 11) 
(Limit) 


Clock Duty Cycle 
50 
% 


40 
% (min) 


60 
% (max) 


Ie 
Conversion Time 
13-Bit Resolution, 
44 (leud 
44 <'eLK) + 50 ns 
(max) 
Sequencer State S5 (Figure 11) 


9-Bit Resolution, 
21 (leLK) 
21 <'eLK) + 50 ns 
(max) 
Sequencer State S5 (Figure 
11) 


tA 
Acquisition Time 
Sequencer State S7 (Figure 
11) 
9 (leLK) 
9 <'eLK) + 50 ns 
(max) 
Built-in minimum for 13-Bits 


Built-in minimum for 9-Bits and 
2 (leLK) 
2 <'eLK) + 50 ns 
(max) 
"Watchdog" mode 


tz 
Auto-Zero Time 
Sequencer State S2 (Figure 
11) 
76 (leLKl 
76 <'eLK) + 50 ns 
(max) 


leAL 
Full Calibration Time 
Sequencer State S2 (Figure 
11) 
4944 (leLKl 
4944 
<'eLK) + 50 ns 
(max) 


Throughput Rate 
89 
88 
kHz 
(Note 18) 
LM12H454, LM12H458 
142 
140 
(min) 


two 
"Watchdog" Mode Comparison Time 
Sequencer States 86, 84, 
11 (leLKl 
11 <'eLK) + 110ns 
(max) 
and S5 (Figure 
11) 


specified. 
80lclfaceUmita 
apply for TA = T•• = TIlIN to TIIAX; all other 
limits 
IA = 
IJ = ~o-v. (NOleS 0, 1,0," 
'IllY 
'''/ 
(Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Unit 


(Note 
10) 
(Note 
11) 
(Limit) 


DSNR 
Differential 
Signal-to-Noise 
Ratio 
V,N = ±5V 


fiN = 1 kHz 
77.5 
dB 


fiN = 20 kHz 
75.2 
dB 


fiN = 40 kHz 
74.7 
dB 


SESNR 
Single-Ended 
Signal-to-Noise 
Ratio 
V,N = 5Vp_p 
fiN = 1 kHz 
69.8 
dB 


fiN = 20 kHz 
69.2 
dB 


fiN = 40 kHz 
66.6 
dB 


DSINAD 
Differential 
Signal-to-Noise 
+ 
V,N = ±5V 


Distortion 
Ratio 
fiN = 1 kHz 
76.9 
dB 


fiN = 20 kHz 
73.9 
dB 


fiN = 40 kHz 
70.7 
dB 


SESINAD 
Single-Ended 
Signal-to-Noise 
+ 
V,N = 5Vp_p 


Distortion 
Ratio 
fiN = 1 kHz 
69.4 
dB 


fiN = 20 kHz 
68.3 
dB 


fiN = 40kHz 
65.7 
dB 


DTHD 
Differential 
Total Harmonic 
V,N = ±5V 


Distortion 
fiN = 1 kHz 
-85.8 
dB 


fiN = 20 kHz 
-79.9 
dB 


fiN = 40 kHz 
-72.9 
dB 


SETHD 
Single-Ended 
Total Harmonic 
V,N = 5Vp_p 


Distortion 
fiN = 1 kHz 
-80.3 
dB 


fiN = 20 kHz 
-75.6 
dB 


fiN = 40 kHz 
-72.8 
dB 


DENOB 
Differential 
Effective 
Number 
of Bits 
V,N = ±5V 


fiN = 1 kHz 
12.6 
Bits 


fiN = 20 kHz 
12.2 
Bits 


fiN = 40 kHz 
12.1 
Bits 


SEENOB 
Single-Ended 
Effective 
Number 
of Bits 
V,N = 5Vp_p 
fiN = 1 kHz 
11.3 
Bits 


fiN = 20 kHz 
11.2 
Bits 


fiN = 40 kHz 
10.8 
t, 
Bits 


DSFDR 
Differential 
Spurious 
Free Dynamic 
V,N = ±5V 


Range 
fiN = 1 kHz 
87.2 
dB 


fiN = 20 kHz 
78.9 
dB 


fiN = 40 kHz 
72.8 
dB 


Multiplexer 
Channel-to-Channel 
V,N = 5Vpp 


Crosstalk 
fiN = 40 kHz 


LM12(H)454 
MUXOUT 
Only 
-76 
dB 


I 
LM12(H)458 
MUX 


plus Converter 
-78 
dB 


tpu 
Power·Up 
Time 
10 
ms 


twu 
Wake-Up 
Time 
10 
ms 


III 


DC Characteristics 
The following 
specifications 
apply to the LM12454, 
LM12H454, 
LM12458, 
and LM12H458 
for 


VA+ 
= 
Vo+ 
= 
5V, VREF+ 
= 
5V, VREF- 
= OV, fCLK = 8.0 MHz 
(LM12H454/8) 
or fCLK = 5.0 MHz 
(LM12454/8), 
and 


minimum 
acquisition 
time unless otherwise 
specified. 
Boldface 
limits apply for TA = TJ = TIlIN to TIIAX;all other 
limits 
TA = TJ = 25·C. (Notes 
6, 7, 8, and 19) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Unit 


(Note 
10) 
(Note 
11) 
(Umlt) 


10+ 
Vo + Supply Current 
CS = "1" 


LM12454/8 
0.55 
1.0 
mA(max) 


LM12H454/8 
0.55 
1.2 


IA+ 
VA + Supply Current 
CS = "1" 


LM12454/8 
3.1 
5.0 
mA(max) 


LM12H454/8 
3.1 
5.5 


1ST 
Stand-By 
Supply Current(lo 
+ + IA+) 
Power-Down 
Mode Selected 


Clock Stopped 
10 
,..A(max) 


8 MHz Clock 
40 
,..A(max) 


Multiplexer 
ON-Channel 
Leakage 
Current 
VA+ = 5.5V 


ON-Channel 
= 5.5V 
0.3 


OFF-Channel 
= OV 
0.1 
,..A(max) 


LM 12(H)458MELlMW 
0.5 


ON-Channel 
= OV 
0.3 


OFF-Channel 
= 5.5V 
0.1 
,..A(max) 


LM 12(H)458MELlMW 
0.5 


Multiplexer 
OFF-Channel 
Leakage 
Current 
VA+ = 5.5V 


ON-Channel 
= 5.5V 
0.3 


OFF-Channel 
= OV 
0.1 
,..A(max) 


LM12(H)458MEL/MW 
0.5 


ON-Channel 
= OV 
0.3 


OFF-Channel 
= 5.5V 
0.1 
,..A(max) 


LM 12(H)458MELlMW 
0.5 


RON 
Multiplexer 
ON-Resistance 
LM12(H)454 


VIN = 5V 
800 
1500 
O(max) 


VIN = 2.5V 
850 
1500 
O(max) 


VIN = OV 
760 
1500 
O(max) 


Multiplexer 
Channel-to-Channel 
LM12(H)454 


RON matching 
VIN = 5V 
±1.0% 
±3.0% 
(max) 


VIN = 2.5V 
±1.0% 
±3.0% 
(max) 


VIN = OV 
±1.0% 
±3.0% 
(max) 


Internal Reference Characteristics 
The 
following 
specifications 
apply 
to the 
LM12454, 
LM12H454, 
LM12458, 
and LM12H458 
for VA + = Vo+ 
= 5V unless otherwise 
specified. 
Boldface 
limits apply for TA = TJ = TIlIN 


to TIIAX; all other 
limits TA = TJ = 25·C. (Notes 
6,7, 
and 19) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Unit 


(Note 
10) 
(Note 
11) 
(Umlt) 


VREFOUT 
Internal 
Reference 
Output Voltage 
2.5 
2.5 
±4% 
V (max) 
LM12(H)458MELlMW 
2.5 
±S% 


.6.VREF/.6.T 
Internal 
Reference 
Temperature 


40 
ppml"C 
Coefficient 


.6.REF/.6.IL 
Internal 
Reference 
Load Regulation 
Sourcing 
(0 < IL ~ + 4 mAl 
0.2 
%/mA(max) 


Sinking 
(-1 
~ IlL < 0 mAl 
1.2 
%/mA(max) 


.6.VREF 
Line Regulation 
4.5V ~ VA + ~ 5.5V 
3 
20 
mV(max) 


- 
ISC 
Internal 
Reference 
Short Circuit Current 
VREFOUT = OV 
13 
25 
mA(max) 


.6.VREF/.6.t 
Long Term Stsbility 
200 
ppm/kHr 


tsu 
Internal 
Reference 
Start-Up 
TIme 
VA+ = Vo+ 
= OV - 
5V 
10 
ms 
CL = 100,..F 


Digital Characteristics 
The following 
specifications 
apply to the LM12454, 
LM12H454, 
LM12458, 
and LM12H458 
for VA + = Vo + = 5V, unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
T" = T" = TIlIN to TIIAX; all other 
limits 
TA = TJ = 25°C. (Notes 
6,7,8, 
and 19) 


Conditions 
Typical 
Limits 
Unit 
Symbol 
Parameter 
(Note 
10) 
(Note 
11) 
(Limit) 


VINC') 
Logical 
"1" 
Input Voltage 
VA+ = Vo+ 
= 5.5V 
2.0 
V (min) 


VIN(O) 
Logical 
"0" 
Input Voltage 
VA+ = Vo+ 
= 4.5V 
0.8 
V (max) 


IIN(') 
Logical 
"1" 
Input Current 
VIN = 5V 
0.005 
1.0 
1J-A(max) 
LM12(H)458MELlMW 
2.0 


IIN(O) 
Logical 
"0" 
Input Current 
VIN = OV 
-0.005 
-1.0 


1J-A(max) 
LM12(H)458MELlMW 
-2.0 


CIN 
DO-D15 
Input Capacitance 
6 
pF 


VOUT(') 
Logical 
"1" 
Output Voltage 
VA+ = Vo+ 
= 4.5V 


lOUT = -3601J-A 
2.4 
V (min) 


lOUT = -101J-A 
4.25 
V (min) 


VOUT(O) 
Logical 
"0" 
Output 
Voltage 
VA+ = Vo+ 
= 4.5V 
0.4 
V (max) 


lOUT = 1.6 mA 


lOUT 
TRI-STATE~ 
Output 
Leakage 
Current 
VOUT = OV 
-0.01 
-3.0 
1J-A(max) 


VOUT = 5V 
0.01 
3.0 
1J-A(max) 


Digital Timing Characteristics 
The following 
specifications 
apply to the LM12454, 
LM12H454, 
LM12458, 
and LM12H458 
for VA + = Vo+ 
= 5V, tr = tf = 
3 ns, and CL = 100 pF on data I/O, 
INT and DMARQ 
lines unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
T" = T" 
= TIlIN to TIIAX; all other 
limits TA = TJ = 25°C. (Notes 
6, 7, 8, and 19) 


Symbol 
Typical 
Limits 
Unit 
(See Figures 
Parameter 
Conditions 
(Note 
10) 
(Note 
11) 
(Limit) 
8a, 8b, and 8e) 


1,3 
CS or Address 
Valid to ALE Low 
40 
ns(min) 
Set-UpTime 


2,4 
CS or Address 
Valid to ALE Low 
20 
ns(min) 
Hold Time 


5 
ALE Pulse Width 
45 
ns(min) 


6 
RD High to Next ALE High 
35 
ns(min) 


7 
ALE Low to RD Low 
20 
ns(min) 


8 
RD Pulse Width 
100 
ns(min) 


9 
RI5 High to Next RD or WR Low 
100 
ns(min) 


10 
ALE Low to WR Low 
20 
ns(min) 


11 
WR Pulse Width 
60 
ns(min) 


12 
WR High to Next ALE High 
75 
ns(min) 


13 
WR High to Next RD or WR Low 
140 
ns(min) 


14 
Data Valid to WR High Set-Up 
Time 
40 
ns(min) 


15 
Data Valid to WR High Hold Time 
30 
ns(min) 


18 
Jm Low to Data Bus Out of TRI-ST ATE 
, 


40 
10 
ns(min) 


70 
ns(max) 


17 
RD High to TRI-STATE 
RL = 1 kfi 
30 
10 
ns(min) 


110 
ns(max) 


18 
Jm Low to Data Valid (Acce88 Time) 
30 
10 
ns(min) 


80 
ns(max) 


III 


Digital Timing Characteristics 
The following specifications apply to the LM12454, LM12H454, LM12458, and LM12H458 for VA+ = Vo+ = 5V, tr = tf = 
3 ns, and CL = 100 pF on data I/O, INT and OMARQ lines unless otherwise specified. Boldfacellmlt8 apply for T•••= T" 
= TMIN to TMAX; all other limits TA = TJ = 25°C. (Notes 6, 7, 8, and 19) (Continued) 


Symbol 
Typical 
Limits 
Unit 
(See Figures 
Parameter 
Conditions 
(Note 10) 
(Note 11) 
(Limit) 
8a, 8b, and 8e) 


20 
Address Valid or CS Low to RO Low 
20 
ns(min) 


21 
Address Valid or CS Low to WR Low 
20 
ns(min) 


19 
Address Invalid 
10 
ns(min) 
from ROor WR High 


22 
INT High from RO Low 
30 
10 
ns(min) 
eo 
ns(max) 


23 
OMARQ Low from AD Low 
30 
10 
ns(min) 
eo 
ns(max) 


NOt8 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions. 
see the Electrical Characteristics. 
The guaranteed 


specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade 
when the device 
is not operated 
under the listed test 
con<:fitions. 


Note 2: All voltages are measured with respect to GNOt unless otherwise 
specified. 


Note 3: When the input voltage (V,N) at any pin exceeds the power supply rails (V,N < GND or VIN > (VA + or Vo +», the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current of 5 mA, to simultaneously 
exceed the power 


supply voltages. 


Note 
4: The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is dictated 
by TJmax (maximum junetton 
temperature), 
0JA (package 


junction to ambient thermal resistance), 
and TA (ambient temperature). 
The maximum allowable 
power dissipation 
at any temperature 
is POmax = (TJmax - 
TJJI 


0JA or the number given in the Absolute 
Maximum Ratings, whichever 
is lower. For this device, TJmax = 15O"e, and the typtcal thermal resistance 
(0JN of the 


LM12(H)454 
and LM12(H)458 
in the V pactage, 
when board mounted, is 47'C/W. 
in the W package, when board mounted, is srrC/W 
(8Jc ~ 5.8"C/W), 
and in the 


EL package, when board mounted, 
is 70'C/W 
(8Jc 
~ 3.5"C/W). 


NOt8 5: Human body model, 100 pF discharged 
through a 1.5 kO resistor. 


Note 6: Two on-chip diodes are tied to each analog input through a series resistor, as shown below. Input voltage magnitude 
up to 5V above VA + or 5V below 


GND will not damage the LM12(H)454 
or the LM12(H)458. 
However. errors in the A/D conversion 
can occur if these diodes are forward biased by more than 100 


mV. As an example, if VA + is 4.5 Voc. full-scale 
input voltage must be ~4.6 Voc to ensure accurate conversions. 


v._ 


TL/H/11264-3 


Note 
7: VA + and VD+ 
must be connected 
together 
to the same power supply voltage 
and bypassed 
with separate 
capacitors 
at each V+ 
pin to assure 


conversion/ 
comparison 
accuracy. 


Note 8: Accuracy 
is guaranteed 
when operating at 'CLK = 5 MHz for the LM12454/8 
and 'CLK ~ 8 MHz lor the LM12H454/8. 


Note 9: With the test condrtion for VREF (VREF+ 
- 
VREF-) 
given as +5V,the 
12-bit LSB is 1.22 mV and the 8-bitI"Watchdog" 
LSB is 19.53 mY. 


Note 
10: Typicals are at TA = 2S-C and represent 
most likely parametric 
norm. 


Note 
11: Limits are guaranteed 
to National's 
AOOL (Average Output Quality Level). 


Note 
12: Positive integral linearity error is defined as the deviation of the analog value, expressed 
in LSBs, from the straight line that passes through positive fuU- 
scale and zero. For negative integral linearity error the straight line passes through negative full-scale 
and zero. (See Figures 5b and 5c). 


Note 
13: Zero error is a measure of the deviation from the mid-scale voltage (a code of zero), expressed 
in LSB. It is the worst-case 
value of the code transitions 


between 
-1 
to 0 and 0 to + 1 (see Figure 6). 


Note 
14: The DC common-mode 
error is measured with both inputs shorted together and driven from OV to 5V. The measured value is referred to the resulting 
output value when the inputs are driven with a 2.5V signal. 


Note 
15: Power Supply Sensitivity 
is measured after Auto-Zero 
and/or 
Auto-Calibration 
cycle has been completed 
with VA + and Vo+ 
at the specified extremes. 


Note 
t6: VREFCM (Reference 
Voltage Common 
Mode Range) is defined as (VREF+ 
+ VREF-)/2. 


Note 17: The LM12(H)4S4/8's 
self-calibration 
technique ensures linearity and offset errors as specified, but noise inherent in the self-calibration 
process will result 
in a repeatability 
uncertainty 
of ± 0.10 LSB. 


Note 
18: The Throughput 
Rate is lor a single instruction 
repeated continuously. 
Sequencer 
states 0 (1 ciock cycle), 1 (1 clock cycle), 7 (9 clock cycles) and 5 (44 
clock cycles) are used (see Figure 
11). One additional 
clock cycle is used to read the conversion 
result stored in the FIFO, for a totaJ of 56 clock cycles per 
conversion. 
The Throughput 
Rate is fCLK (MHz)/N, 
where N is the number of clock cycles/conversion. 


Not. 
19: 1\ military RETS specilicetion 
is evaileble upon request. At the time of printing, the LM12(H)458CMEU883 
RETS specilicetion 
complied wrth the bo_ 
values In the Umits column. 
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FIGURE 1. The General Case of Output Digital Code vs the Operating Input Voltage Range 
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FIGURE 2. Specific Case of Output Digital Code vs the Operating Input Voltage Range for VREF= 4.096V 
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Typical Dynamic Performance Characteristics 
The following 
curves 
apply for 12·bit + sign mode after auto·calibration 
unless 
otherwise 
specified. 
(Continued) 


Bipolar 
Spectral 
Response 
with 


1.028 kHz Sine Wave 
Input 


~ 
-60 
..z 
1;1 
-80 


II 


Bipolar 
Spectral 
Response 


with 
40 kHz Sine Wave 
Input 


o 
Its-son 


T.•.• 
25·C 


-20 
f--- 
VIII" iSV 


CD 
v"o-VO·-"'RU··5V 


.3 
-"0 f-- ~;l~W:t..I7.7k1h: -- 


5/11_71.IOd9 


~ ~::e- S/(tr;'!" 
I 


~~:::~ 


o 
5 
10 
15 20 25 30 35 40 


FREQUENCY 
(kNz) 


Unipolar 
Slgnal·to·Nolse 


+ Distortion 
Ratio 


vs Input 
Frequency 


80 


78 
_ ~:~:~c111 


76 
_ 
v.•.••• VO··"'ItU··5V 


'CU("SWHI 


74 
- 
s.mpu~'IR~t~~~~i7kHI 
72 


70 
_ 
V1N=SVp_p 


68 
"' 
66 
- 
V1II=2.5Vp_p- 


64 
••••• 
_~•• I 
•••• 
• 


62 
60 
II 
1 
10 
100 


FREQUENCY 
(kHz) 


Unipolar 
Spectral 
Response 


with 
10 kHz Sine Wave 
Input 


0 
.,.son.1 
I 


-20 
VIII-SVp_p 
v".-YO°"'YIlU-·5V 
a; 
lcue-SWH1 
3 
-.0 
l.•.-uoe 
3 


~ 


Slmpllnllbl,·'7.7kHt 


-60 
s/" 
••. z", iI 
~ 
~ 
S/(HoO>= 6llj 
'Odj 
.. 
.. 
z 
-80 
i'5 
1;1 
..•. 
l"IJl'I.l~ 
~ 


-100 


-'20 
"'1 
'II 
II 


0 
5 
10 15 20 25 30 35 .0 


FREQUENCY 
(kHz) 


Bipolar 
Spectral 
Response 
with 
10 kHz Sine Wave 
Input 


Its-soc 
I 


1.•.• 25·C 


VIIl-t5Y 
I 
'L 


V". "vo.a .••w •• 5V 


leu" 
SWill 


s.mpll~ 
hl.-11.7kHz. 


SIN" 75.17 d9 
Si(NOOi·75i15di 


~ 


a; 
3 
-40 
~ 


~ 
-60 
~ 
1;1 


Bipolar 
Spurious 
Free 
Dynamic 
Range 


90 -J 


85 


"- 1\ 


'1'1 •• "'15'1' 
Rs=50n 
75 
T•••• 2S·C 


VA •••• 
'I'll •• 
VR£~" 
+5'1' 


70 
lCLK-SWHt 
~ 
".';''8t';'iiilli" 


II1II1 


10 


FREQUENCY 
(kHz) 


Unipolar 
Signal-to-Noise 
+ Distortion 
Ratio 
vs Input 
Signal 
Level 


Its"'soo 


70 
T,,"'250C 


V••+.VD+"VR£~·+5V 
1 
fllll-=-;YkH' 
60 
'cuc-5I11Hz 
+-- 
..•. 
'+-"P 
CD 
Sampling Rota=17.1kHz 
+•••. 
~ 
350 
/'~- 


¥ 
"30 


0 


/ 
;;; 


20 
/ 
/ 


'0 
/ 
o 
-70 -60 -50 -40 -30 -20 -10 
0 


INPUT 
SIGNAL 
LEVEL 
(dB) 


Unipolar 
Spectral 
Response 
with 
20 kHz Sine Wave 
Input 


~N·.5;~_pU 


V,,+-"o·"VIIlU"'·5V 
T,,-25·C 
fcu-SIIHz 


Sampl1nv Rat.·".7kHz 
5/M-".2od8 
8t- 
s/(rO)j"·J 


1 


'd8 


1 
-~::~ 


-120 
o 
5 
10 
1S 
20 
25 
30 
35 
.•0 


fREQUENCY 
(kHz) 


Bipolar 
Spectral 
Response 
with 
20 kHz Sine Wave 
Input 


.,. son:--LJ- 
T.-Z50C 


V1MotSV 
v•• svo+-"ItU"'·5V 


feu: """H! 
SlIl11plffllllllow·.,.7kKI 


S/N"1l.70dB 
S/(M+O)·n.YdB 
~ 
-60 
~.. 
:z 
-80 
1;1 


Unipolar 
Slgnal·to·Nolse 
Ratio 


vs Input 
Frequency 


10 


FREQUENCY 
(kHz) 


Unipolar 
Spectral 
Response 
with 
1.028 kHz Sine Wave 
Input 


~N·.5;:p_~ 


lA_ZSDC 
V,.·-"O+=VR£r-·5V 


'eLK-SWH1 


SIomplilli 
R.t ••• a7.7 
kHz 
5/"-11.7848 


> 
-60 
s/(N·TO)"6tT·4'd~- 


~ 
I 
~-~::~- 


-120 
o 
5 
10 15 20 25 50 
35 40 


FREQUENCY 
(kHz) 


Unipolar 
Spectral 
Response 
with 
40 kHz Sine Wave 
Input 
o 
.,-son 
I 
I 


"III '" 5'1,_p 


-20 f-- - 
- 
T,,"':ZSOC 
= 
V,,+""D+-"IIlU··sv 


~ 
-40 '-- 
- 
_ 
'eLK-SWill 


sompuntRot,:a7;,7f 


kHZ 
5/N=6I.'148 


~ 
-60 - 
- 
- r:'j')'j"'T 


~ 
-80 ,IT TTTTlI:-. 


-100 


-'20 ~ '1'-1 'J1" 'lII1"1' 


o 
5 
10 
IS 
20 25 30 35 40 


FREQUEHCY 
(kHz) 


TLiH/11264-11 


Test Circuits and Waveforms 


v' 
v' 


••.= 1kG 
Rii 


Rii 


-= 
TL/H/11264-12 


v' 
v' 


••.= "G 
Rii 


Rii 


Timing Diagrams 


VA + = Vo + = + 5V, tR = tF = 3 ns, CL = 100 pF for the INT, DMARQ, 
00-015 
outputs. 


~--_--~, 
AO-A4~ 
~ 


:. 
':1 
': 


jl 
FII 
~\ ....-------f\....---- 
..... 
I 
I 
I, 
/ 


.1 
I, 
1 
~ 
ALE ..J. 
~•... 
-- 
_ 


• 
I 
I 
I 


1 


Rii 


c~~~ 
00-015--{ 


1 


WR 


CWy~[~ OO-D15--{ •. 
...X'~O 
_ 


1, 3: ~ 
or Address 
valid to ALE low set-up 
time. 


2, 4: ~ 
or Address 
valid to ALE low hold time. 


5: ALE pulse width 


6: FID high to next ALE high 


7: ALE low to FID low 


8: RD pulse width 


9: FID high to next RD or WR low 


10: ALE low to WR low 


11: WR pulse width 


12: WR high to next ALE high 


13: WR high to next WR or RD low 


14: Data valid to WR high set-up 
time 


15: Data valid to WR high hold time 


16: RD low to data bus out of TRI-STATE 


17: RD high to TRI-STATE 


18: RD low to data valid (access 
time) 


Timing Diagrams 


VA+ 
= VD+ 
= 
+5V,tR 
= tF = 3ns,CL 
= 100pFforthelNT,DMARa, 
00-015 
outputs. 
(Continued) 


AO-A4--{ 
,'"----------------------_ 
.. 


• 1 
I 
,20 


csT\ 


,'"---------------------- 
, 
20 
...'1-.----0 .• 


1 


Rii 


c~~~~ 00-015 
••• 
•••• 


WRITEI 
CYCLE 


00-015 


8: RD pulse width 


9: RD high to next RD or WR low 


11: WR pulse width 


13: WR high to next WR or RD low 


14: Data valid to WR high set-up 
time 


15: Data valid to WR high hold time 


._--------_.L.. 


FIGURE 8b. Non-Multiplexed 
Data Bus (ALE = 1) 


16: RD low to data bus out of TRI-STATE 


17: RD high to TRI-STATE 


18: RD low to data valid (access 
time) 


19: Address 
invalid 
from 
RD or WR high (hold time) 


20: cg low or address 
valid to RD low 


21: cg low or address 
valid to WR low 
__r 


5 


O~ARQ 
• 


+5V, 
tR = tF = 3 ns, CL = 100 pF for the INT, OMARa, 
00-015 
outputs. 


\5 
\,--------- 


22: INT high from 
RD low 


23: OMARa 
low from 
RD low 


,,, 


I 
', 
~ 
I 
' 
I 
' 
,, 
22 


I ,. 
• ~\__ r~-· 


III 


Pin Description 
VA+ 
These are the analog and digital supply voltage 
Vo + 
pins. The LM12(H)454/8's supply voltage operat- 
ing range is + 3.0V to + 5.5V. Accuracy is guaran- 
teed only if VA+ and Vo + are connected to the 
same power supply. Each pin should have a paral- 
lel combination of 10 f.LF(electroly1icor tantalum) 
and 0.1 f.LF(ceramic) bypass capacitors connected 
between it and ground. 


00-015 
The internal data input/output TRI-STATE buffers 
are connected to these pins. These buffers are de- 
signed to drive capacitive loads of 100 pF or less. 
External buffers are necessary for driving higher 
load capacitances. These pins allows the user a 
means of instruction input and data output. With a 
logic high applied to the BW pin, data lines 08- 
015 are placed in a high impedance state and data 
lines 00-07 
are used for instruction input and 
data output when the LM12(H)454/8 is connected 
to an 8-bit wide data bus. A logic low on the BW 
pin allows the LM12(H)454/8 to exchange infor- 
mation over a 16-bit wide data bus. 


RO 
This is the input for the active low REAO bus con- 
trol signal. The data input/output TRI-STATE buff- 
ers, as selected by the logic signal applied to the 
BW pin, are enabled when RO and CS are both 
low. This allows the LM12(H)454/8 to transmit in- 
formation onto the databus. 


WR 
This is the input for the active low WRITE bus con- 
trol signal. The data input/output TRI-STATE buff- 
ers, as selected by the logic signal applied to the 
BW pin, are enabled when WR and CS are both 
low. This allows the LM12(H)454/8 to receive in- 
formation from the databus. 
CS 
This is the input for the active low Chip Select con- 
trol signal. A logic low should be applied to this pin 
only during a REAO or WRITE access to the 
LM12(H)454/8. The internal clocking is halted and 
conversion stops while Chip Select is low. Conver- 
sion resumes when the Chip Select input signal 
returns high. 
ALE 
This is the Address Latch Enable input. It is used in 
systems containing a multiplexed databus. When 
ALE is asserted high, the LM12(H)454/8 accepts 
information on the databus as a valid address. A 
high-to-Iow transition will latch the address data on 
AO-A4 while the CS is low. Any changes on AO- 
A4 and CS while ALE is low will not affect the 
LM12(H)454/8. See Figure 
8a. When a non-multi- 
plexed bus is used, ALE is continuously asserted 
high. See Figure 
8b. 


CLK 
This 
is 
the 
external 
clock 
input 
pin. 
The 
LM12(H)454/8 operates with an input clock fre- 
quency in the range of 0.05 MHz to 10.0 MHz. 


AO-A4 
These are the 
LM12(H)454/8's 
address lines. 


They are used to access all internal registers, Con- 
version FIFO, and Instruction RAM. 


SYNC 
This is the synchronization input/output. 
When 
used as an output, it is designed to drive capacitive 
loads of 100 pF or less. External buffers are nec- 
essary for driving higher load capacitances. SYNC 
is an Input if the Configuration register's "I/O Se- 
lect" bit is low. A rising edge on this pin causes 
the internal S/H to hold the input signal. The next 


INO-IN7 
(INO-IN3 
LM12H454 
LM12454) 


S/H IN+ 
S/H IN- 


MUXOUT+ 
MUXOUT- 


VREF- 


rising clock edge either starts a conversion or 
makes a comparison to a programmable limit 
depending on which function is requested by a 
programming instruction. This pin will be an 
output if "I/O Select" is set high. The SYNC 
output goes high when a conversion or a com- 
parison is started and low when completed. 
(See Section 2.2). An internal reset after pow- 
er is first applied to the LM12(H)454/8 auto- 
matically sets this pin as an input. 


This is the Bus Width input pin. This input al- 
lows the LM12(H)454/8 to interface directly 
with either an 8- or 16-bit databus. A logic high 
sets the width to 8 bits and places 08-015 
in 
a high impedance state. A logic low sets the 
width to 16 bits. 
This is the active low interrupt output. This out- 
put is designed to drive capacitive loads of 
100 pF or less. External buffers are necessary 
for driving higher load capacitances. An inter- 
rupt signal is generated any time a non- 
masked interrupt condition takes place. There 
are eight different conditions that can cause 
an interrupt. Any interrupt is reset by reading 
the Interrupt Status register. (See Section 2.3.) 


This is the active high Oirect Memory Access 
Request output. This output is designed to 
drive capacitive loads of 100 pF or less. Exter- 
nal buffers are necessary for driving higher 
load capacitances. It goes high whenever the 
number of conversion results in the conversion 
FIFO equals a programmable value stored in 
the Interrupt Enable register. It returns to a log- 
ic low when the FIFO is empty. 
This is the LM12(H)454/8 ground connection. 
It should be connected to a low resistance and 
inductance analog ground return that connects 
directly to the system power supply ground. 


These are the eight (LM12(H)458) or four 
(LM12(H)454) analog inputs. A given channel 
is selected through the instruction RAM. Any 
of the channels can be configured as an inde- 
pendent single-ended input. Any pair of chan- 
nels, whether adjacent or non-adjacent, can 
operate as a fully differential pair. 
These are the LM12(H)454's non-inverting and 
inverting inputs to the internal S/H. 


These are the LM12(H)454's non-inverting and 
inverting outputs from the internal multiplexer. 
This is the 
negative reference 
input. The 
LM12(H)454/8 operate with OV S; VREF- 
S; 


VREF+. This 
pin should 
be 
bypassed to 
ground with a parallel combination of 10 f.LF 
and 0.1 f.LF(ceramic) capacitors. 
This 
is the 
positive 
reference 
input. The 
LM12(H)454/8 operate with OV S; VREF+ 
S; 


VA+. This pin should be bypassed to ground 
with a parallel combination of 10 f.LF and 
0.1 f.LF(ceramic) capacitors. 
This is the internal 2.5V bandgap's output pin. 
This pin should be bypassed to ground with a 
100 f.LFcapacitor. 
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Application 
Information 


1.0 Functional Description 


The LM12(H)454 
and LM12(H)458 
are multi-functional 
Data 


Acquisition 
Systems 
that 
include 
a fully 
differential 
12-bit- 
plus-sign 
self-calibrating 
analog-to-digital 
converter 
(ADC) 


with 
a 
two's-complement 
output 
format, 
an 
8-channel 


(LM12(H)458) 
or a 4-channel 
(LM12(H)454) 
analog 
multi- 


plexer, 
an internal 
2.5V reference, 
a first-in-first-out 
(FIFO) 


register 
that can store 32 conversion 
results, 
and an Instruc- 


tion RAM that can store as many as eight instructions 
to be 


sequentially 
executed. 
The LM12(H)454 
also has a differen- 
tial multiplexer 
output 
and a differential 
S/H 
input. All of this 


circuitry 
operates 
on only a single + 5V power 
supply. 


The LM12(H)454/8 
have three 
modes 
of operation: 
12-bit + sign with correction 


8-bit + sign without 
correction 


8-bit + sign comparison 
mode 
("watchdog" 
mode) 


The fully differential 
12-bit-plus-sign 
ADC uses a charge 
re- 
distribution 
topology 
that 
includes 
calibration 
capabilities. 
Charge 
re-distribution 
ADCs use a capacitor 
ladder 
in place 


of a resistor 
ladder 
to form 
an internal 
DAC. The 
DAC is 


used 
by a successive 
approximation 
register 
to generate 


intermediate 
voltages 
between 
the 
voltages 
applied 
to 


VREF- 
and VREF+. 
These 
intermediate 
voltages 
are com- 


pared 
against 
the sampled 
analog 
input voltage 
as each bit 


is generated. 
The 
number 
of 
intermediate 
voltages 
and 


comparisons 
equals 
the ADC's 
resolution. 
The correction 
of 


each 
bit's 
accuracy 
is accomplished 
by calibrating 
the ca- 


pacitor 
ladder 
used in the ADC. 


Two different 
calibration 
modes 
are available; 
one compen- 


sates 
for offset 
voltage, 
or zero error, 
while 
the other 
cor- 
rects both offset 
error and the AOC's 
linearity 
error. 


When 
correcting 
offset 
only, 
the 
offset 
error 
is measured 


once 
and a correction 
coefficient 
is created. 
During 
the full 


calibration, 
the 
offset 
error 
is measured 
eight 
times, 
aver- 


aged, 
and a correction 
coefficient 
is created. 
After 
comple- 


tion of either 
calibration 
mode, 
the offset 
correction 
coeffi- 
cient 
is stored 
in an internal 
offset 
correction 
register. 


The LM12(H)454/8's 
overall 
linearity 
correction 
is achieved 


by correcting 
the internal 
DAC's 
capacitor 
mismatch. 
Each 


capacitor 
is compared 
eight 
times 
against 
all 
remaining 


smaller 
value 
capacitors 
and 
any 
errors 
are 
averaged. 
A 


correction 
coefficient 
is then 
created 
and stored 
in one of 


the thirteen 
internal 
linearity 
correction 
registers. 
An internal 


state machine, 
using patterns 
stored 
in an internal 
16 x 8-bit 


ROM, executes 
each calibration 
algorithm. 


Once 
calibrated, 
an internal 
arithmetic 
logic unit (ALU) uses 


the offset 
correction 
coefficient 
and the 13 linearity 
correc- 


tion coefficients 
to reduce 
the conversion's 
offset 
error and 


linearity 
error, 
in the background, 
during 
the 
12-bit + sign 


conversion. 
The 
8-bit + sign 
conversion 
and 
comparison 


modes 
use 
only 
the 
offset 
coefficient. 
The 
8-bit + 
sign 


mode 
performs 
a conversion 
in less than half the time used 


by the 12-bit + sign conversion 
mode. 


The LM12(H)454/8's 
"watchdog" 
mode 
is used to monitor 


a single-ended 
or differential 
signal's 
amplitude. 
Each sam- 


pled signal 
has two limits. 
An interrupt 
can be generated 
if 


the 
input 
signal 
is above 
or below 
either 
of the two 
limits. 


This allows 
interrupts 
to be generated 
when 
analog 
voltage 


inputs are "inside 
the window" 
or, alternatively, 
"outside 
the 


window". 
After a "watchdog" 
mode interrupt, 
the processor 


can then 
request 
a conversion 
on the input signal and read 


the signal's 
magnitude. 


The analog 
input multiplexer 
can be configured 
for any com- 


bination 
of single-ended 
or fully differential 
operation. 
Each 


input 
is referenced 
to ground 
when 
a multiplexer 
channel 


operates 
in the single-ended 
mode. 
Fully differential 
analog 


input channels 
are formed 
by pairing 
any two channels 
to- 


gether. 


The 
LM12(H)454's 
multiplexer 
outputs 
and 
S/H 
inputs 


(MUXOUT +, MUXOUT - 
and S/H 
IN +, S/H 
IN -) 
provide 


the 
option 
for 
additional 
analog 
signal 
processing. 
Fixed- 


gain 
amplifiers, 
programmable-gain 
amplifiers, 
filters, 
and 


other 
processing 
circuits 
can operate 
on the signal 
applied 


to the selected 
multiplexer 
channel(s). 
If external 
process- 


ing is not used, connect 
MUXOUT + to S/H 
IN + and MUX- 


OUT- 
to S/H 
IN-. 


The LM12(H)454/8's 
internal 
S/H 
is designed 
to operate 
at 


its minimum 
acquisition 
time 
(1.13 ,.,.S, 12 bits) 
when 
the 
source 
impedance, 
Rs, is ,;:; 600 
(fCLK ,;:; 8 MHz). 
When 


600 
< Rs 
,;:; 4.17 
kO, the internal 
S/H's 
acquisition 
time 
can be increased 
to a maximum 
of 4.88 ,.,.S (12 bits, fCLK = 


8 MHz). See Section 
2.1 (Instruction 
RAM "00") 
Bits 12-15 


for more information. 


An internal 
2.5V 
bandgap 
reference 
output 
is available 
at 


pin 44. This voltage 
can be used as the ADC reference 
for 


ratiometric 
conversion 
or as a virtual 
ground 
for front-end 


analog 
conditioning 
circuits. 
The VREFOUT pin should 
be by- 


passed 
to ground 
with a 100 ,.,.F capacitor. 


Microprocessor 
overhead 
is reduced 
through 
the use of the 


internal 
conversion 
FIFO. 
Thirty-two 
consecutive 
conver- 


sions can be completed 
and stored 
in the FIFO without 
any 


microprocessor 
intervention. 
The 
microprocessor 
can, 
at 


any time, 
interrogate 
the 
FIFO 
and retrieve 
its contents. 
It 


can 
also 
wait 
for the 
LM12(H)454/8 
to issue 
an interrupt 


when 
the FIFO is full or after any number 
(';:;32) of conver- 


sions 
have been stored. 


Conversion 
sequencing, 
internal 
timer 
interval, 
multiplexer 


configuration, 
and many other 
operations 
are programmed 


and set in the Instruction 
RAM. 


A diagnostic 
mode is available 
that allows 
verification 
of the 


LM12(H)458's 
operation. 
The diagnostic 
mode is disabled 
in 


the 
LM12(H)454. 
This 
mode 
internally 
connects 
the 
volt- 


ages 
present 
at the 
VREFOUT, VREF+, 
VREF-, 
and 
GND 


pins to the internal 
VIN+ 
and VIN- 
S/H 
inputs. This mode is 


activated 
by setting 
the Diagnostic 
bit (Bit 11) in the Config- 


uration 
register 
to a "1". 
More 
information 
concerning 
this 


mode 
of operation 
can be found 
in Section 
2.2. 
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2.0 Internal User-Programmable 
Registers 


2.1 INSTRUCTION RAM 
The instruction RAM holds up to eight sequentially execut- 
able instructions. Each 48-bit long instruction is divided into 
three 16-bit sections. READ and WRITE operations can be 
issued to each 16-bit section using the instruction's address 
and the 2-bit "RAM pointer" in the Configuration register. 
The eight instructions are located at addresses 0000 
through 0111 (A4-A 1, BW = 0) when using a 16-bit wide 
data bus or at addresses 00000 through 01111 (A4-AO, 
BW = 1) when using an 8-bit wide data bus. They can be 
accessed and programmed in random order. 
Any Instruction RAM READ or WRITE can affect the se- 
quencer's operation: 
The Sequencer should be stopped by setting the RESET 
bit to a "1" or by resetting the START bit in the Configu- 
ration Register and waiting for the current instruction to 
finish execution before any Instruction RAM READ or 
WRITE is initiated. 
A soft RESET should be issued by writing a "1" to the 
Configuration Register's RESET bit after any READ or 
WRITE to the Instruction RAM. 


The three sections in the Instruction RAM are selected by 
the Configuration Register's 2-bit "RAM Pointer", bits D8 
and D9. The first 16-bit Instruction RAM section is selected 
with the RAM Pointer equal to "00". This section provides 
multiplexer channel selection, as well as resolution, acquisi- 
tion time, etc. The second 16-bit section holds "watchdog" 
limit # 1, its sign, and an indicator that shows that an inter- 
rupt can be generated if the input signal is greater or less 
than the programmed limit. The third 16-bit section holds 
"watchdog" 
limit # 2, its sign, and an indicator that shows 


that an interrupt can be generated if the input signal is great- 
er or less than the programmed limit. 


Instruction 
RAM "00" 
Bit 0 is the LOOP bit. It indicates the last instruction to be 
executed in any instruction sequence when it is set to a "1". 
The nex1instruction to be executed will be instruction O. 
Bit 1 is the PAUSEbit. This controls the Sequencer's opera- 
tion. When the PAUSE bit is set ("1"), the Sequencer will 
stop after reading the current instruction and before execut- 
ing it, and the start bit in the Configuration register is auto- 
matically reset to a "0". Setting the PAUSE also causes an 
interrupt to be issued. The Sequencer is restarted by placing 
a "1" in the Configuration register's Bit 0 (Start bit). 
After the Instruction RAM has been programmed and the 
RESET bit is set to "1", the Sequencer retrieves Instruction 
000, decodes it, and waits for a "1" to be placed in the 
Configuration's START bit. The START bit value of "0" 
"overrides" the action of Instruction OOO'sPAUSE bit when 
the Sequencer is started. Once started, the Sequencer exe- 
cutes Instruction 000 and retrieves, decodes, and executes 
each of the remaining instructions. No PAUSE Interrupt (INT 
5) is generated the first time the Sequencer executes In- 
struction 000 having a PAUSE bit set to "1". When the Se- 
quencer encounters a LOOP bit or completes all eight in- 
structions, Instruction 000 is retrieved and decoded. A set 
PAUSE bit in Instruction 000 now halts the Sequencer be- 
fore the instruction is executed. 


Bits 2-4 select which of the eight input channels ("000" to 
"111" for INO-IN?) will be configured as non-inverting in- 
puts to the LM12(H)458's ADC. (See Page 25, Table I.) 
They select which of the four input channels ("000" 
to 
"011" for INO-IN4) will be configured as non-inverting in- 
puts to the LM12(H)454's ADC. (See Page 25, Table 11.) 
Bits 5-7 select which of the seven input channels ("001" to 
"111" for IN1 to IN?) will be configured as inverting inputs to 
the LM12(H)458's ADC. (See Page 25, Table I.) They select 
which of the three input channels ("001" to "011" for IN1- 
IN4) 
will 
be 
configured 
as 
inverting 
inputs 
to 
the 
LM12(H)454's ADC. (See Page 25, Table 11.) Fully differen- 
tial operation is created by selecting two multiplexer chan- 
nels, one operating in the non-inverting mode and the other 
operating in the inverting mode. A code of "000" selects 
ground as the inverting input for single ended operation. 
Bit 8 is the SYNC bit. Setting Bit 8 to "1" causes the Se- 
quencer to suspend operation at the end of the internal 
S/H's acquisition cycle and to wait until a rising edge ap- 
pears at the SYNC pin. When a rising edge appears, the 
S/H acquires the input signal magnitude and the ADC per- 
forms a conversion on the clock's next rising edge. When 
the SYNC pin is used as an input, the Configuration regis- 
ter's "1/0 
Select" bit (Bit ?) must be set to a "0". With 


SYNC configured as an input, it is possible to synchronize 
the start of a conversion to an ex1ernalevent. This is useful 
in applications such as digital signal processing (DSP) 
where the exact timing of conversions is important. 


When the LM12(H)454/8 are used in the "watchdog" mode 
with ex1ernalsynchronization, two rising edges on the SYNC 
input are required to initiate two comparisons. The first rising 
edge initiates the comparison of the selected analog input 
signal with Limit # 1 (found in Instruction RAM "01 ") and the 
second rising edge initiates the comparison of the same 
analog input signal with Limit #2 (found in Instruction RAM 
"10"). 


Bit 9 is the TIMER bit. When Bit 9 is set to "1", the Se- 
quencer will halt until the internal 16-bit Timer counts down 
to zero. During this time interval, no "watchdog" compari- 
sons or analog-to-digital conversions will be performed. 


Bit 10 selects the ADC conversion resolution. Setting Bit 10 
to "1" selects 8-bit + sign and when reset to "0" selects 
12-bit + sign. 


Bit 11 is the "watchdog" 
comparison mode enable bit. 


When operating in the "watchdog" comparison mode, the 
selected analog input signal is compared with the program- 
mable values stored in Limit # 1 and Limit # 2 (see Instruc- 
tion RAM "01" and Instruction RAM "10"). Setting Bit 11 to 
"1" causes two comparisons of the selected analog input 
signal with the two stored limits. When Bit 11 is reset to "0", 
an 8-bit + sign or 12-bit + sign (depending on the state of 
Bit 10 of Instruction RAM "00") conversion of the input sig- 
nal can take place. 


2.0 Internal User-Programmable 
Registers 
(Continued) 


A4 A3A2 
Al 
Purpose 
Type 015101410131012 
011 
010 
09 
08 
07 
06 
05 
04 
03 
02 
01 
DO 


0 
0 
0 
Instruction RAM 
R/W 
Acquisition 
Watch- 
VIN- 
VIN+ 
0 
to 
8/12 Timer Sync 
Pause 
Loop 
(RAM Pointer = 00) 
Time 
dog 
(MUXOUT-)' 
(MUXOUT+)' 
1 
1 
1 


0 
0 
0 
Instruction RAM 
R/W 


0 
to 
(RAM Pointer = 01) 
Don't Care 
>1< 
Sign 
Limit #1 


1 
1 
1 


0 
0 
0 
Instruction RAM 
R/W 


0 
to 
(RAM Pointer = 10) 
Don't Care 
>1< 
Sign 
Limit #2 


1 
1 
1 
, 


1 
0 
0 
0 
Configuration 
R/W 
Don't Care 
DIAGt 
Test 
RAM 
1/0 
Auto 
Chan Stand- 
Full 
Auto- 
Reset 
Start 
Register 
=0 
Pointer 
Sel 
Zeroec Mask 
by 
CAL 
Zero 


Interrupt Enable 
R/W 
Number of Conversions 
Sequencer 
INT7 
INT6 
INT5 
INT4 
INT3 
INT2 
INTl 
INTO 


1 
0 
0 
1 
in Conversion FIFO 
Address to 
Register 
to Generate INT2 
Generate INT1 


Address 


, 
R 
of 
INST7 INST6 INST5 INST4 INST3 INST2 INST1 INSTO 
Interrupt Status 
Actual Number of 
Sequencer 
1 
0 
1 
0 
Conversion Results 
Register 
or 
in Conversion FIFO 
Instruction 


being 
. 


Executed 
~ 


0 
Timer 
R/W 
'Timer Preset Low Byte 
1 
1 
1 
Timer Preset High Byte 
Register 


1 
1 
0 
0 
Conversion 
R 
Address 
ISign 
Conversion 


FIFO 
or Sign 
Data: MSBs 
Conversion Data: LSBs 


1 
1 
0 
1 
Limit Status 
R 
Limit # 2: Status 
Register 
Limit # 1: Status 


'LM12(H)454(Referto Table II). 


".. 


tLM12(H)458only. Mustbe set to "0" for the LM12(H)454. 


FIGURE 
9. LM12(H)454/8 
Memory 
Map for 16-Blt Wide Databus 
(BW = "0", 
Test Bit = "0" 
and AO = Don't Care) 
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2.0 Internal User-Programmable 
Registers 
(Continued) 


A4 
A3 
A2 
A1 
AO 
Purpose 
Type 
07 
06 
05 
04 
03 
02 
01 
DO 


0 
0 
0 
R/W 
VIN- 
VIN+ 


0 
to 
0 
(MUXOUT-)" 
(MUXOUT+)" 
Pause 
Loop 


1 
1 
1 
Instruction 
RAM 


0 
0 
0 
(RAM Pointer 
= 00) 
R/W 
Watch- 


0 
to 
1 
Acquisition 
Time 
dog 
8/12 
Timer 
Sync 


1 
1 
1 


0 
0 
0 
R/W 


0 
to 
0 
Comparison 
Limit 111 


1 
1 
1 
Instruction 
RAM 
, 


0 
0 
0 
(RAM Pointer 
= 01) 
R/W 


0 
to 
1 
Don't Care 
>/< 
Sign 


1 
1 
1 
.. 


0 
0 
0 
R/W 


0 
to 
0 
Comparison 
Limit 112 


1 
1 
1 
Instruction 
RAM 


0 
0 
0 
(RAM Pointer 
= 
10) 
R/W 


0 
to 
1 
Don't Care 
>/< 
Sign 


1 
1 
1 


1 
0 
0 
0 
0 
R/W 
110 I 
Auto I Chan 
Stand- 
Full 
Auto- 
Reset 
Start 


Configuration 
Sel 
Zeroae 
Mask 
by 
Cal 
Zero 


1 
0 
0 
0 
1 
Register 
R/W 
DIAGt 
Test 
RAM Pointer 
Don't Care 
=0 


1 
0 
0 
1 
0 
R/W 
INT7 
IINT6 
liNTS 
INT4 
INT3 
INT2 
INT1 
INTO 


Interrupt 
Enable 


1 
0 
0 
1 
1 
Register 
R/W 
Number 
of Conversions 
in Conversion 
Sequencer 
Address 
to 


FIFO to Generate 
INT2 
Generate 
INT1 


1 
0 
1 
0 
0 
R 
INST7!INST61INSTS 
INST4 
INST3 
INST2 
INST1 
INSTO 


Interrupt 
Status 


1 
0 
1 
0 
1 
Register 
R 
Actual 
Number 
of Conversions 
Results 
Address 
of Sequencer 


in Conversion 
FIFO 
Instruction 


being Executed 


1 
0 
1 
1 
0 
Timer 
R/W 
Timer Preset: Low By1e 


1 
0 
1 
1 
1 
Register 
R/W 
Timer Preset: High By1e 


1 
1 
0 
0 
0 
Conversion 
R 
Conversion 
Data: LSBs 


1 
1 
0 
0 
1 
FIFO 
R 
Address 
or Sign 
Sign 
Conversion 
Data: MSBs 


1 
1 
0 
1 
0 
Limit Status 
R 
Limit •••1 Status 


1 
1 
0 
1 
1 
Register 
R 
Limit •••2 Status 


·LM12(H)454 
(Refer to Table II). 


1LM12(H)458 
only. Must be set to "0" for the LM12(H)454. 


FIGURE 
10. LM12(H)454/8 
Memory 
Map for 8-Blt Wide Oatabus 
(BW 
= "1" 
and Test Bit = "0") 
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2.0 Internal User-Programmable 
Registers 
(Continued) 


Bits 12-15 are used to store the user-programmable acqui- 
limit #2 to generate an interrupt, while a "0" causes a volt- 
sition time. The Sequencer keeps the internal $/H 
in the 
age less than limit #2 to generate an interrupt. 


acquisition mode for a fixed number of clock cycles (nine 
Bits 10-15 are not used. 


clock cycles, for 12-bit + sigr, conversions and two clock 
cycles for 8-bit + sign conversions or "watchdog" compari- 
sons) plus a variable number of clock cycles equal to twice 
the value stored in Bits 12-15. Thus, the S/H's acquisition 
time is (9 + 2D) clock cycles for 12-bit + sign conversions 
and (2 + 2D) clock cycles for 8-bit + sign conversions or 
"watchdog" 
comparisons, where D is the value stored in 
Bits 12-15. The minimum acquisition time compensates for 
the typical internal multiplexer ,series resistance of 2 kO, 
and any ac;lditionaldelay created by Bits 12-15 
compen- 


sates for source resistances greater than 600 (1000). (For 
this acquisition time discussion, numbers in ( ) are shown for 
the LM12(H)454/8 operating at 5 MHz.) The necessary ac- 
quisition time is determined by the source impedance at the 
multiplexer input. If the source resistance (RS) < 600' 
(1000) and the clock frequency is 8 MHz, the value stored 
in bits 12-15 
(D) can be 0000. If Rs > 600 (1000), the 
following equations determine the value that should be 
stored in bits 12-15. 


D = 0.45 x Rs x fClK 


D = 0.36xRsxfClK 
for 8-bits + sign and "watchdog" 


Rs is in kO and fClK is in MHz. Round the result to the nex1 
higher integer value. If D is greater than 15, it is advisable to 
lower the source impedance by using an analog buffer be- 
tween the signal source and the LM12(H)458's multiplexer 
inputs. The value of D can also be used to compensate for 
the settling or response time of ex1ernalprocessing circuits 
connected 
between 
the 
LM12(H)454's 
MUXOUT and 


S/H IN pins. 


Instruction 
RAM "01" 


The second Instruction RAM section is selecte~ by placing 
a "01" in Bits 8 and 9 of the Configuration register. 
Bltli 0-7 hold "watchdog" limit # 1. When Bit 11 of Instruc- 
tion RAM "00" is set to a "1", the LM12(H)454/8 performs 
a "watchdog" comparison of the sampled analog input sig- 
nal with the limit # 1 value first, followed by a comparison of 
the same sampled analog input signal with the value found 
in limit #2 (Instruction RAM "10"). 
Bit 8 holds limit #1's sign. 


Bit 9's state determines the limit condition that generates a 
"watchdog" interrupt. A "1" causes a voltage greater than 
limit # 1 to generate an interrupt, while a "0" causes a volt- 
age less than limit # 1 to generate an interrupt. 
Bits 10-15 are not used. 
- 
. 


Instruction 
RAM "10" 
The third Instruction RAM section is selected by placing a 
"10" in Bits 8 and 9 of the Configuration register. 


Bits 0-7 hold "watchdog" limit # 2. When Bit 11 of Instruc- 
tion RAM "00" is set to a "1", the LM12(H)454/8 performs 
a "watchdog" comparison of the sampled ahalog input sig- 
nal with the limit #1 value first (Instruction RAM "01"), fol- 
lowed by a comparison of the same sampled analog input 
signal with the value found fn'limit #2. 
Bit 8 holds limit #2's sign. 


Bit 9's state determines the limit condition that generates a 
"watchdog" interrupt. A "1" causes a voltage greater than 


2.2 CONFIGURATION 
REGISTER 
The Configuration register, 1000 (A4-A 1, BW = 0) or 
1000x (M-AO, 
BW = 1) is a 16-bit control register with 
read/write 
capability. It acts as the LM12(H)454's and 
LM12(H)458's "control panel" holding global information as 
well as start/stop, reset, self-calibration, and stand-by com- 
mands. 
Bit 0 is the START/STOP bit. Reading Bit 0 returns an indi- 
cation of the Sequencer's status. A "0" indicates that the 
Sequencer is stopped and waiting to execute the next in- 
struction. A "1" shows that the Sequencer is running. Writ- 
ing a "0" halts the Sequencer when the current instruction 
has finished execution. The nex1instruction to be executed 
is pointed to by the instruction pointer found in the status 
register. A "1" restarts the Sequencer with the instruction 
currently pointed to by the instruction pointer. (See Bits 8- 
10 in the Interrupt Status register.) 


Bit 1 is the LM12(H)454/8's system RESET bit. Writing a 
"1" to Bit 1 stops the Sequencer (resetting the Configura- 
tion register's START/STOP 
bit), resets the Instruction 
pointer to "000" 
(found in the Interrupt Status register), 
clears the Conversion FIFO, and resets all interrupt flags. 
The RESET bit will return to "0" after two clock cycles un- 
less it is forced high by writing a "1" into the Configuration 
register's Standby bit. A reset signal is internally generated 
when power is first applied to the part. No operation should 
be started until the RESET bit is "0". 


Writing a "1" to Bit 2 initiates an auto-zero offset voltage 
calibration. Unlike the eight-sample auto-zero calibration 
performed during the full calibration procedure, Bit 2 initi- 
ates a "short" auto-zero by sampling the offset once and 
creating a correction coefficient (full calibration averages 
eight samples of the converter offset voltage when creating 
a correction coefficient). If the Sequencer is running when 
Bit 2 is set to "1;', an auto-zero starts immediately after the 
conclusion of the currently running instruction. Bit 2 is reset 
automatically to a "0" and an interrupt flag (Bit 3, in the 
Interrupt Status register) is set at the end of the auto-zero 
(76 clock cycles). After completion of an auto-zero calibra- 
tion, the Sequencer fetches the nex1instruction as pointed 
to by the Instruction RAM's pointer and resumes execution. 
If the Sequencer is stopped, an auto-zero is performed im- 
mediately at the time requested. 


Writing a "1" to Bit 3 initiates a complete calibration pro- 
cess that includes a "long" auto-zero offset voltage correc- 
tion (this calibration averages eight samples of the compar- 
ator offset voltage when creating a correction coefficient) 
followed by an ADC linearity calibration. This complete cali- 
bration is started after the currently running instruction is 
completed if the Sequencer is running when Bit 3 is set to 
"1 ". Bit 3 is reset automatically to a "0" and an interrupt flag 
(Bit 4, in the Interrupt Status register) will be generated at 
the end of the calibration procedure (4944 clock cycles). 
After completion of a full auto-zero and linearity calibration, 
the Sequencer fetches the nex1instruction as pointed to by 
the Instruction RAM's pointer and resumes execution. If the 
Sequencer is stopped, a full calibration is performed imme- 
diately at the time requested. 
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2.0 Internal User-Programmable 
Registers 
(Continued) 


Bit 4 is the Standby bit. Writing a "1" to Bit 4 immediately 
2.3 INTERRUPTS 


places the LM12(H)454/8 in Standby mode. Normal opera- 
The LM12(H)454 and LM12(H)458 have eight possible in- 
tion returns when Bit 4 is reset to a "0". The Standby com- 
terrupts, all with the same priority. Any of these interrupts 


mand ("1") disconnects the external clock from the internal 
will cause a hardware interrupt to appear on the iliff pin (31) 
circuitry, decreases the LM12(H)454/8's internal analog cir- 
if they are not masked (by the Interrupt Enable register). 


cuitry power supply current, and preserves all internal RAM 
The Interrupt Status register is then read to determine which 
contents. 
After 
writing a "0" 
to the 
Standby bit, the 
of the eight interrupts has been issued. 


LM12(H)454/8 returns to an operating state identical to that 
caused by exercising the RESET bit. A Standby completion 
interrupt is issued after a power-up completion delay that 
allows the analog circuitry to settle. The Sequencer should 
be restarted only after the Standby completion is issued. 
The Instruction RAM can still be accessed through read and 
write operations while the LM12(H)454/8 are in Standby 
Mode. 
Bit 5 is the Channel Address Mask. If Bit 5 is set to a "1", 
Bits 13-15 in the conversion FIFO will be equal to the sign 
bit (Bit 12) of the conversion data. Resetting Bit 5 to a "0" 
causes conversion data Bits 13 through 15 to hold the in- 
struction pointer value of the instruction to which the con- 
version data belongs. 
Bit 6 is used to select a "short" auto-zero correction for 
every conversion. The Sequencer automatically inserts an 
auto-zero before every conversion or "watchdog" compari- 
son if Bit 6 is set to "1". No automatic correction will be 
performed if Bit 6 is reset to "0". 


The LM12(H)454/8's offset voltage, after calibration, has a 
typical drift of 0.1 LSB over a temperature range of -40'C 
to + 85'C. This small drift is less than the variability of the 
change in offset that can occur when using the auto-zero 
correction with each conversion. This variability is the result 
of using only one sample of the offset voltage to create a 
correction value. This variability decreases when using the 
full calibration mode because eight samples of the offset 
voltage are taken, averaged, and used to create a correc- 
tion value. 
Bit 7 is used to program the SYNC pin (29) to operate as 
either an input or an output. The SYNC pin becomes an 
output when Bit 7 is a "1" and an input when Bit? is a "0". 
With SYNC programmed as an input, the rising edge of any 
logic signal applied to pin 29 will start a conversion or 
"watchdog" 
comparison. Programmed as an output, the 


logic level at pin 29 will go high at the start of a conversion 
or "watchdog" 
comparison and remain high until either 


have finished. See Instruction RAM "00", Bit 8. 


Bits 8 and 9 form the RAM Pointer that is used to select 
each of a 48-bit instruction's three 16-bit sections during 
read or write actions. A "00" selects Instruction RAM sec- 
tion one, "01" selects section two, and "10" selects section 
three. 
Bit 10 activates the Test mode that is used only during pro- 
duction testing. Leave this bit reset to "0". 
Bit 11 is the Diagnostic bit and is available only in the 
LM12(H)458. It can be activated by setting it to a "1" (the 
Test bit must be reset to a "0"). The Diagnostic mode, 
along with a correctly chosen instruction, allows verification 
that the LM12(H)458's ADC is performing correctly. When 
activated, the inverting and non-inverting inputs are con- 
nected as shown in Table I. As an example, an instruction 
with "001" for both VIN+ and VIN_ while using the Diag- 
nostic mode typically results in a full-scale output. 


TABLE I. LM12(H)458 Input Multiplexer 
Channel Configuration 
Showing Normal 


Mode and Diagnostic Mode 


Chsnnel 
Normal 
Diagnostic 


Selection 
Mode 
Mode 


Data 
VIN+ 
VIN- 
VIN+ 
VIN- 


000 
INO 
GND 
VREFOUT 
GND 


001 
IN1 
INl 
VREF+ 
VREF- 


010 
IN2 
IN2 
IN2 
IN2 


011 
IN3 
IN3 
IN3 
IN3 


100 
IN4 
IN4 
IN4 
IN4 


101 
IN5 
IN5 
IN5 
IN5 


110 
IN6 
IN6 
IN6 
IN6 


111 
IN? 
IN? 
IN? 
IN? 


TABLE II. LM12(H)454 Input Multiplexer 


Channel Configuration 


Channel 
Selection 
MUX+ 
MUX- 


Data 


000 
INO 
GND 


001 
IN1 
IN1 


010 
IN2 
IN2 


011 
IN3 
IN3 


1XX 
OPEN 
OPEN 


The Interrupt Status register, 1010 (A4-A1, 
BW = 0) or 


1010x (A4-AO, BW = 1) must be cleared by reading it after 
writing to the Interrupt Enable register. This removes any 
spurious interrupts on the TNi pin generated during an Inter- 
rupt Enable register access. 


Interrupt 0 is generated whenever the analog input voltage 
on a selected multiplexer channel crosses a limit while the 
LM12(H)454/8 are operating in the "watchdog" comparison 
mode. Two sequential comparisons are made when the 
LM12(H)454/8 are executing a "watchdog" instruction. De- 
pending on the logic state of Bit 9 in the Instruction RAM's 
second and third sections, an interrupt will be generated 
either when the input signal's magnitude is greater than or 
less than the programmable limits. (See the Instruction 
RAM, Bit 9 description.) The Limit Status register will indi- 
cate which preprogrammed limit, # 1 or # 2 and which in- 
struction was executing when the limit was crossed. 
Interrupt 
1 is generated when the Sequencer reaches the 


instruction counter value specified in the Interrupt Enable 
register's bits 8-10. 
This flag appears before the instruc- 


tion's execution. 


Interrupt 2 is activated when the Conversion FIFO holds a 
number of conversions equal to the programmable value 
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2.0 Internal User-Programmable 
Registers 
(Continued) 


stored in the Interrupt Enable register's Bits 11-15. This 
RESET bit is set to "1", the Sequencer is started by placing 
value ranges from 0001 to 1111, representing 1 to 31 con- 
a "1" in the Configuration register's START bit. Setting the 
versions stored in the FIFO. A user-programmed value of 
INT 1 trigger value to 000 does not generate an INT 1 the 
0000 has no meaning. See Section 3.0 for more FIFO infor- 
first time the Sequencer retrieves and decodes Instruction 
mation. 
000. The Sequencer generates INT 1 (by placing a "1" in 
The completion of the short, single-sampled auto-zero cali- 
the Interrupt Status register's Bit 1) the second time and 
bration generates Interrupt 
3. 
after the Sequencer encounters Instruction 000. It is impor- 
tant to remember that the Sequencer continues to operate 
The completion of a full auto-zero and linearity self-calibra- 
even if an Instruction interrupt (INT 1) is internally or exter- 
tion generates Interrupt 
4. 
nally generated. The only mechanisms that stop the Se- 
Interrupt 
5 is generated when the Sequencer encounters 
quencer are an instruction with the PAUSE bit set to "1" 


an instruction that has its Pause bit (Bit 1 in Instruction RAM 
(halts before instruction execution), placing a "0" 
in the 


"00") set to "1". 
Configuration register's START bit, or placing a "1" in the 


The LM12(H)454/8 issues Interrupt 
6 whenever it senses 
Configuration register's RESET bit. 


that its power supply voltage is dropping below 4V (typ). 
Bits 11-15 hold the number of conversions that must be 
This interrupt indicates the potential corruption of data re- 
stored in the Conversion FIFO in order to generate an inter- 
turned by the LM12(H)454/8. 
nal interrupt. This internal interrupt appears in Bit 2 of the 
Interrupt 
7 is issued after a short delay (10 ms typ) while 
Interrupt Status register. If Bit 2 of the Interrupt Enable reg- 
the LM12(H)454/8 returns from Standby mode to active op- 
ister is set to "1", an external interrupt will appear at pin 31 
eration using the Configuration register's Bit 4. This short 
(INT). 
delay allows the internal analog circuitry to settle sufficient- 
2.5 INTERRUPT STATUS REGISTER 


Iy, ensuring accurate conversion results. 
This read-only register is located at address 1010 (A4-A1, 
BW = 0) or 1010x (M-AO, 
BW = 1). The corresponding 


flag in the Interrupt Status register goes high ("1") any time 
that an interrupt condition takes place, whether an interrupt 
is enabled or disabled in the Interrupt Enable register. Any 
of the active ("1") Interrupt Status register flags are reset to 
"0" whenever this register is read or a device reset is issued 
(see Bit 1 in the Configuration Register). 


Bit 0 is set to "1" when a "watchdog" 
comparison limit 


interrupt has taken place. 


Bit 1 is set to "1" when the Sequencer has reached the 
address stored in Bits 8-10 of the Interrupt Enable register. 


Bit 2 is set to "1" when the Conversion FIFO's limit, stored 
in Bits 11-15 
of the Interrupt Enable register, has been 


reached. 


Bit 3 is set to "1" when the single-sampled auto-zero has 
been completed. 


Bit 4 is set to "1" when an auto-zero and full linearity self- 
calibration has been completed. 


Bit 5 is set to "1" when a Pause interrupt has been generat- 
ed. 


Bit 6 is set to "1" 
when a low-supply voltage condition 


(VA+ < 4V) has taken place. 


Bit 7 is set to "1" when the LM12(H)454/8 return from pow- 
er-down to active mode. 


Bits 8-10 hold the Sequencer's actual instruction address 
while it is running. 


Bits 11-15 hold the actual number of conversions stored in 
the Conversion FIFO while the Sequencer is running. 


2.4 INTERRUPT ENABLE REGISTER 
The Interrupt Enable register at address location 1001 
(A4-A1, BW = 0) or 1001x (M-AO, 
BW = 1) has READ/ 


WRITE capability. An individual interrupt's ability to produce 
an external interrupt at pin 31 (ifin') is accomplished by plac- 
ing a "1" in the appropriate bit location. Any of the internal 
interrupt-producing operations will set their corresponding 
bits to "1" in the Interrupt Status register regardless of the 
state of the associated bit in the Interrupt Enable register. 
see Section 2.3 for more information about each of the 
eight internal interrupts. 


Bit 0 enables an external interrupt when an internal "watch- 
dog" comparison limit interrupt has taken place. 
Bit 1 enables an external interrupt when the Sequencer has 
reached the address stored in Bits 8-10 
of the Interrupt 


Enable register. 
Bit 2 enables an external interrupt when the Conversion 
FIFO's limit, stored in Bits 11-15 of the Interrupt Enable 
register, has been reached. 


SIt 3 enables an external interrupt when the single-sampled 
auto·zero calibration has been completed. 
Sit 4 enables an external interrupt when a full auto-zero and 
linearity self-calibration has been completed. 


BIt 5 enables an external interrupt when an internal Pause 
interrupt has been generated. 


Bit 6 enables an external interrupt when a low power supply 
condition (VA+ < 4V) has generated an internal interrupt. 
Bit 7 enables an external interrupt when the LM12(H)454/8 
return from power-down to active mode. 


Bits 8-10 form the storage location of the user-programma- 
ble value against which the Sequencer's address is com- 
pared. When the Sequencer reaches an address that is 
equal to the value stored in Bits 8-10, an internal interrupt 
is generated and appears in Bit 1 of the Interrupt Status 
register. If Bit 1 of the Interrupt Enable register is set to "1", 
an external interrupt will appear at pin 31 (INT). 


The value stored in bits 8-10 ranges from 000 to 111, rep- 
resenting 0 to 7 instructions stored in the Instruction RAI,,;. 
After the Instruction RAM has been programmed and the 


2.6 LIMIT STATUS REGISTER 


The read-only register is located at address 1101 (A4-A 1, 
BW = 0) or 1101x (A4-AO, BW = 1). This register is used 
in tandem with the Limit # 1 and Limit # 2 registers in the 
Instruction RAM. Whenever a given instruction's input volt- 
age exceeds the limit set in its corresponding Limit register 
(#1 or #2), a bit, corresponding to the instruction number, 
is set in the Limit Status register. Any of the active ("1") 
Limit Status flags are reset to "0" whenever this register is 
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2.0 Internal User-Programmable 
Registers 
(Continued) 


read or a device 
reset 
is issued 
(see Bit 1 in the Configura- 
conversion 
result from 
the FIFO. Therefore, 
the OMA con- 
tion register). 
This register 
holds the status 
of limits 
# 1 and 
troller 
must be able to repeatedly 
access 
two constant 
ad- 
#2 
for each of the eight 
instructions. 
dresses 
when 
transferring 
data from 
the LM12(H)454/8 
to 


Bits 0-7 
show the Limit 
# 1 status. 
Each bit will be set high 
the host system. 
("1") 
when the corresponding 
instruction's 
input voltage 
ex- 
ceeds 
the threshold 
stored 
in the instruction's 
Limit # 1 reg- 
ister. When, 
for example, 
instruction 
3 is a "watchdog" 
op- 
eration 
(Bit 
11 is set high) 
and 
the 
input 
for instruction 
3 
meets 
the magnitude 
and/or 
polarity 
data stored 
in instruc- 
tion 3's 
Limit 
# 1 register, 
Bit 3 in the 
Limit Status 
register 
will be set to a "1". 


Bits 8-15 
show 
the 
Limit 
#2 
status. 
Each 
bit will 
be set 
high ("1") 
when 
the corresponding 
instruction's 
input volt- 
age exceeds 
the threshold 
stored 
in the instruction's 
Limit 
#2 
register. 
When, 
for example, 
the 
input to instruction 
6 
meets 
the value 
stored 
in instruction 
6's Limit 
#2 
register, 
Bit 14 in the Limit Status 
register 
will be set to a "1". 


2.7 TIMER 


The 
LM12(H)454/8 
have 
an on-board 
16-bittimer 
that 
in- 
cludes 
a 5-bit pre-scaler. 
It uses the clock 
signal applied 
to 
pin 
23 
as 
its 
input. 
It can 
generate 
time 
intervals 
of 
0 
through 
221 clock 
cycles 
in steps 
of 25. This time 
interval 
can 
be used 
to delay 
the execution 
of instructions. 
It can 
also 
be used to slow 
the conversion 
rate when 
converting 
slowly 
changing 
signals. 
This can reduce 
the amount 
of re- 
dundant 
data 
stored 
in the FIFO and retrieved 
by the con- 
troller. 


The user-defined 
timing value used by the Timer is stored 
in 
the 
16-bit 
READ/WRITE 
Timer 
register 
at 
location 
1011 
(M-Al, 
BW = 0) or 1011x 
(M-AO, 
BW = 1) and is pre- 
loaded 
automatically. 
Bits 0-7 
hold the preset 
value's 
low 
byte and Bits 8-15 
hold the high byte. The Timer is activat- 
ed by the Sequencer 
only if the current 
instruction's 
Bit 9 is 
set 
("1"). 
If 
the 
equivalent 
decimal 
value 
"N" 
(0 ,;; N ,;; 216 - 
1) is written 
inside the 16-bit Timer 
register 
and the Timer is enabled 
by setting 
an instruction's 
bit 9 to a 
"1", 
the Sequencer 
will delay the same instruction's 
execu- 
tion 
by halting 
at state 
3 (S3), as shown 
in Figure 
11, for 
32 x N + 2 clock 
cycles. 


2.8DMA 


The OMA works 
in tandem 
with Interrupt 
2. An active 
OMA 
Request 
on pin 32 (OMARa) 
requires 
that 
the 
FIFO 
inter- 
rupt be enabled. 
The voltage 
on the OMARa 
pin goes high 
when 
the 
number 
of conversions 
in the 
FIFO 
equals 
the 
5-bit value 
stored 
in the 
Interrupt 
Enable 
register 
(bits 
11- 
15). The voltage 
on the INT pin goes 
low at the same time 
as the voltage 
on the OMARa 
pin goes high. The voltage 
on 
the 
OMARa 
pin goes 
low when 
the 
FIFO 
is emptied. 
The 
Interrupt 
Status 
register 
must be read to clear the FIFO in- 
terrupt 
flag in order to enable 
the next OMA request. 


OMA 
operation 
is optimized 
through 
the 
use of the 
16-bi! 
databus 
connection 
(a logic "0" 
applied 
to the BW pin). Us- 
ing this bus width 
allows 
OMA controllers 
that 
have single 
address 
Read/Write 
capability 
to easily 
unload 
the 
FIFO. 


Using 
OMA on an 8-bit databus 
is more 
difficult. 
Two read 
operations 
(low byte, high byte) are needed 
to retrieve 
each 


The result of each conversion 
stored 
in an internal 
read-only 
FIFO (First-In, 
First-Out) 
register. 
It is located 
at 1100 (M- 
A 1, BW = 0) or 11OOx (M-AD, 
BW = 1). This register 
has 
32 
16-bit 
wide 
locations. 
Each 
localion 
holds 
13-bit 
data. 


Bits 0-3 
hold the four LSB's 
in the 12 bits + sign mode 
or 
"1110" 
in the 8 bits + sign mode. 
Bits 4-11 
hold the eight 
MSB's 
and 
Bit 12 holds 
the sign 
bit. Bits 
13-15 
can 
hold 
either 
the 
sign 
bit, extending 
the 
register's 
two's 
comple- 
ment data format 
to a full sixteen 
bits or the instruction 
ad- 
dress that generated 
the conversion 
and the resulting 
data. 


These 
modes 
are selected 
according 
to the 
logic 
state 
of 
the Configuration 
register's 
Bit 5. 


The FIFO status should 
be read in the Interrupt 
Status 
regis- 
ter (Bits 11 -15) 
to determine 
the number 
of conversion 
re- 
sults that are held in the FIFO before 
retrieving 
them. 
This 
will help prevent 
conversion 
data corruption 
that 
may take 
place if the number 
of reads are greater 
than the number 
of 
conversion 
results 
contained 
in the FIFO. Trying to read the 
FIFO when 
it is empty 
may corrupt 
new data 
being written 
into the FIFO. Writing 
more than 3~ conversion 
data into the 
FIFO by the AOC results 
in loss of the first conversion 
data. 
Therefore, 
to prevent 
data loss, it is recommended 
that the 
LM12(H)454/8's 
interrupt 
capability 
be used 
to inform 
the 
sYstem controller 
that the FIFO is full. 


The 
lOwer portion 
(AO = 0) of the 
data 
word 
(Bits 
0-7) 
should 
be read first followed 
by a read of the upper 
portion 
(AO = 1) when using the 8-bit bus width (BW = 1). Reading 
the upper 
portion 
first causes 
the data to shift down, 
which 
results 
in loss of the lower 
byte. 


Bits 0-12 
hold 12-bit + sign conversion 
data. Bits 0-3 
will 
be 1110 (LSB) when 
using 8-bit plus sign resolution. 


Bits 13-15 
hold 
either 
the 
instruction 
responsible 
for the 
associated 
conversion 
data 
or the sign bit. 'Either 
mode 
is 
selected 
with Bit 5 in the Configuration 
register. 


Using the FIFO's 
full depth 
is achieved 
as follows. 
Set the 
value of the Interrupt 
Enable 
register's 
Bits 11-15 
to 11111 
and the Interrupt 
Enable 
register's 
Bit 2 to a "1". 
This gen- 
erates 
an external 
interrupt 
when 
the 
31 st conversion 
is 
stored 
in the FIFO. This gives the host processor 
a chance 
to send 
a "0" 
to the 
LM12(H)454/8's 
Start 
bit (Configura- 
tion register) 
and halt the AOC before 
it completes 
the 32nd 
conversion. 
The Sequencer 
halts after the current 
(32) con- 
version 
is completed. 
The 
conversion 
data 
is then 
trans- 
ferred 
to the 
FIFO 
and 
occupies 
the 
32nd 
location. 
FIFO 
overflow 
is avoided 
if the 
Sequencer 
is halted 
before 
the 
start of the 32nd conversion 
by placing 
a "0" 
in the Start bit 
(Configuration 
register). 
It is important 
to remember 
that the 
Sequencer 
continues 
to operate 
even 
if a FIFO interrupt 
(INT 
2) Is internally 
or externally 
generated. 
The 
only 
mechanisms 
that stop the Sequencer 
are an instruction 
with 
the 
PAUSE 
bit set to "1" 
(halts 
before 
instruction 
execu- 
tion), 
placing 
a "0" 
in the 
Configuration 
register's 
START 
bit, or placing 
a "1" 
in the Configuration 
register's 
RESET 
bit. 


instructions storeo In me Instruction HAM. Ine 3-M counter 
is reset to 000 during chip reset or if the current executed 
instruction has its Loop bit (Bit 1 in any Instruction RAM 
"00") set high ("1"). It increments at the end of the currently 
executed instruction and points to the next instruction. It will 
continue to increment up to 111 unless an instruction's 
Loop bit is set. If this bit is set, the counter resets to "000" 
and execution begins again with the first instruction. If all 
instructions have their Loop bit reset to "0", the Sequencer 
will execute all eight instructions continuously. Therefore, it 
is important to realize that if less than eight instructions are 
programmed, the Loop bit on the last instruction must be 
set. Leaving this bit reset to "0" allows the Sequencer to 
execute "unprogrammed" instructions, the results of which 
may be unpredictable. 


The Sequencer's Instruction Pointer value is readable at 
any time and is found in the Status register at Bits 8-10. 
The Sequencer can go through eight states during instruc- 
tion execution: 


State 0: The current instruction's first 16 bits are read 


from the Instruction RAM "00". This state is one clock cycle 
long. 


State 1: Checks the state of the Calibration and Start bits. 


This is the "rest" state whenever the Sequencer is stopped 
using the reset, a Pause command, or the Start bit is reset 
low ("0"). When the Start bit is set to a "1", this state is one 
clock cycle long. 


State 2: Perform calibration. If bit 2 or bit 6 of the Configu- 


ration register is set to a "1", state 2 is 76 clock cycles long. 
If the Configuration register's bit 3 is set to a "1", state 2 is 
4944 clock cycles long. 


:;'U'''U 
'" 
lflt' 
Ilmer register. I ne numoer OT ClOCK cycles IS 


found by using the expression below 


32T + 2 
where 0,;; T ,;; 216 -1. 


State 7: Run the acquisition delay and read Limit # 1's 


value if needed. The number of clock cycles for 12-bit + 
sign mode varies according to 
9 + 20 
where 0 is the user-programmable 4-bit value stored in bits 
12-15 of Instruction RAM "00" and is limited to 0 ,;; 0 ,;; 
15. 


The number of clock cycles for 8-bit + sign or "watchdog" 
mode varies according to 
2 + 20 
where 0 is the user-programmable 4-bit value stored in bits 
12-15 of Instruction RAM "00" and is limited to 0 ,;; 0 ,;; 
15. 


State 6: Perform first comparison. This state is 5 clock 


cycles long. 


State 4: Read Limit # 2. This state is 1 clock cycle long. 
State 5: Perform a conversion or second comparison. 


This state takes 44 clock cycles when using the 12-bit + 
sign mode or 21 clock cycles when using the 8-bit + sign 
mode. The "watchdog" mode takes 5 clock cycles. 
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5.0 Analog Considerations 


5.1 REFERENCE 
VOLTAGE 


The difference in the voltages applied to the VREF+ and 
VREF- defines the analog input voltage span (the differ- 
ence between the voltages applied between two multiplexer 
inputs or the voltage applied to one of the multiplexer inputs 
and analog ground), over which 4095 positive and 4096 
negative codes exist. The voltage sources driving VREF+ or 
VREF- must have very low output impedance and noise. 
The circuit in Figure 
12 is an example of a very stable refer- 


ence appropriate for use with the LM12(H)454/B. 
The ADC can be used in either ratiometric or absolute refer- 
ence applications. In ratiometric systems, the analog input 
voltage is proportional to the voltage used for the ADC's 
reference voltage. When this voltage is the system power 
supply, the VREF+ pin is connected to VA+ and VREF_ is 
connected to GND. This technique relaxes the system refer- 
ence stability requirements because the analog input volt- 
age and the ADC reference voltage move together. This 
maintains the same output code for given input conditions. 
For absolute accuracy, where the analog input voltage var- 
ies between very specific voltage limits, a time and tempera- 
ture stable voltage source can be connected to the refer- 
ence inputs. Typically, the reference voltage's magnitude 
will require an initial adjustment to null reference voltage 
induced full-scale errors. 


When using the LM12(H)454/B's internal2.5V bandgap ref- 
erence, a parallel combination of a 100 /LF capacitor and a 
0.1 /LF capacitor connected to the VREFOUTpin is recom- 
mended for low noise operation. When left unconnected, 
the reference remains stable without a bypass capacitor. 
However, ensure that stray capacitance at the VREFOUTpin 
remains below 50 pF. 


5.2 INPUT 
RANGE 
The LM12(H)454/B's fully differential ADC and reference 
voltage inputs generate a two's-complement output that is 
found by using the equation below. 


output code = 
VIN+ - VIN- 
(4096) - % 
(12-bit) 


VREF+ - VREF- 


output code = 
VIN+ - VIN- 
(256) - % 
(B-bit) 


VREF+ - VREF- 
Round up to the next integer value between -4096 to 4095 
for 12-bit resolution and between - 256 to 255 for B-bit res- 
olution if the result of the above equation is not a whole 


number. As an example, VREF+ = 2.5V, VREF- = 1V, 
VIN+ = 1.5V and VIN- = GND. The 12-bit + sign output 
code is positive full-scale, or 0,1111,1111,1111. If VREF+ 
= 5V, VREF- = 1V, VIN+ = 3V, and VIN- = GND, the 
12-bit + sign output code is 0,1100,0000,0000. 


5.3 INPUT CURRENT 
A charging current flows into or out of (depending on the 
input voltage polarity) the analog input pins, INO-IN7 at the 
start of the analog input acquisition time (tACO).This cur- 
rent's peak value will depend on the actual input voltage 
applied. 


5.4 INPUT SOURCE 
RESISTANCE 
For low impedance voltage sources «100.0 
for 5 MHz op- 


eration and <60.0 for B MHz operation), the input charging 
current will decay, before the end of the S/H's acquisition 
time, to a value that will not introduce any conversion errors. 
For higher source impedances, the S/H's acquisition time 
can be increased. As an example, operating with a 5 MHz 
clock 
frequency 
and 
maximum 
acquisition 
time, 
the 


LM12(H)454/B's analog inputs can handle source imped- 
ance as high as 6.67 kn. When operating at B MHz and 
maximum acquisition time, the LM12H454/B's analog inputs 
can handle source impedance as high as 4.17 kn. Refer to 
Section 2.1, Instruction RAM "00", Bits 12-15 for further 
information. 


5.5 INPUT BYPASS 
CAPACITANCE 
External capacitors (0.01 /LF-0.1 /LF)can be connected be- 
tween the analog input pins, INO-IN7, and analog ground to 
filter any noise caused by inductive pickup associated with 
long input leads. It will not degrade the conversion accura- 
cy. 


5.6 NOISE 
The leads to each of the analog multiplexer input pins 
should be kept as short as possible. This will minimize input 
noise and clock frequency coupling that can cause conver- 
sion errors. Input filtering can be used to reduce the effects 
of the noise sources. 


5.7 POWER 
SUPPLIES 
Noise spikes on the VA+ and VD+ supply lines can cause 
conversion errors; the comparator will respond to the noise. 
The ADC is especially sensitive to any power supply spikes 
that occur during the auto-zero or linearity correction. Low 
inductance tantalum capacitors of 10 /LF or greater paral- 
leled with 0.1 /LF monolithic ceramic capacitors are recom- 


FIGURE 
12. Low 
Drift 
Extremely 
Stable 
Reference 
Circuit 
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5.0 Analog Considerations 
(Continued) 


mended 
for supply 
bypassing. 
Separate 
bypass 
capacitors 


should 
be used for the VA + and VD + supplies 
and placed 


as close 
as possible 
to these 
pins. 


5.8 GROUNDING 


The 
LM12(H)454/8's 
nominal 
high resolution 
performance 


can 
be 
maximized 
through 
proper 
grounding 
techniques. 
These 
include 
the use of separate 
analog and digital ground 


planes. 
The digital ground 
plane is placed 
under all compo- 


nents 
that 
handle 
digital 
signals, 
while 
the 
analog 
ground 


plane 
is placed 
under 
all analog 
signal 
handling 
circuitry. 
The digital and analog 
ground 
planes 
are connected 
at only 


one 
point, 
the 
power 
supply 
ground. 
This 
greatly 
reduces 


the occurrence 
of ground 
loops 
and noise. 


It is recommended 
that stray capacitance 
between 
the ana- 


log inputs 
or outputs 
(LM12(H)454: 
INO-IN3, 
MUXOUT +, 
MUXOUT-, 
S/H 
IN+, 
S/H 
IN-; 
LM12(H)458: 
INO-IN?, 
VREF+, 
and 
VREF-) 
be reduced 
by increasing 
the 
clear· 
ance 
(+ 'I,6th 
inch) 
between 
the 
analog 
signal 
and 
refer· 


ence 
pins and the ground 
plane. 


5.9 CLOCK 
SIGNAL 
LINE ISOLATION 


The 
LM12(H)454/8's 
performance 
is optimized 
by routing 


the 
analog 
input/output 
and 
reference 
signal 
conductors 


(pins 34-44) 
as far as possible 
from the conductor 
that car- 


ries the clock 
signal to pin 23. Ground 
traces 
parallel 
to the 


clock 
signal 
trace 
can be used on printed 
circuit 
boards 
to 


reduce 
clock 
signal interference 
on the analog 
input/output 
pins. 


6.0 Application 
Circuits 


6.1 PC EVALUATIONIINTERFACE 
BOARD 


Figure 
13 is the schematic 
of an evaluation/interface 
board 


designed 
to interface 
the LM12(H)454 
or LM12(H)458 
with 


an XT or AT 
style 
computer. 
The 
board 
can 
be used 
to 


develop 
both software 
and hardware. 
The board 
hardwires 


the 
BW (Bus Width) 
pin to a logic 
high, selecting 
an 8·bit 


wide 
databus. 
Therefore, 
it is designed 
for an 8-bit expan- 
sion slot on the computer's 
motherboard. 


The circuit 
operates 
on a single 
+ 5V supply 
derived 
from 


the 
computer's 
+ 12V 
supply 
using 
an 
LM340 
regulator. 
This 
greatly 
attenuates 
noise 
that 
may be present 
on the 


computer's 
power 
supply 
lines. 
However, 
your 
application 


may only need an LC filter. 


Figure 
13 also shows 
the recommended 
supply 
(VA + 
and 


VD +) 
and reference 
input (VREF + and VREF _) bypassing. 
The 
digital 
and 
analog 
supply 
pins 
can 
be connected 
to- 


gether 
to the same supply voltage. 
However, 
they need sep- 
arate, multiple 
bypass 
capacitors. 
Multiple 
capacitors 
on the 


supply 
pins and the reference 
inputs 
ensures 
a low imped- 


ance bypass 
path over a wide frequency 
range. 


All 
digital 
interface 
control 
signals 
(lOR, 
lOW, 
and 
AEN), 
data lines (DBO-DB?), 
address 
lines (AO-A9), 
and IRQ (in- 


terrupt 
request) 
lines 
(IRQ2, 
IRQ3, and 
IRQ5) 
connections 


are made through 
the motherboard 
slot connector. 
All ana- 
log signals 
applied 
to, or received 
by, the input multiplexer 


(INO-IN? 
for 
the 
LM12(H)458 
and 
INO-IN3, 
MUXOUT +, 


MUXOUT-, 
S/H 
IN+ 
and S/H 
IN- 
for the LM12(H)454), 
VREF+, 
VREF-, 
VREFOUT, and 
the 
SYNC 
signal 
input/ 


output 
are applied 
through 
a DB-3? 
connector 
on the rear 
side of the board. 
Figure 
13 shows 
that there 
are numerous 


analog 
ground 
connections 
available 
on the DB-3? connec- 


tor. 


The voltage 
applied 
to VREF _ and VREF + is selected 
using 
two jumpers, 
JP1 and JP2. JPl 
selects 
between 
the voltage 
applied 
to the DB-37's 
pin 24 or GND and applies 
it to the 
LM12(H)454/8's 
VREF- 
input. 
JP2 
selects 
between 
the 
LM12(H)454/8's 
internal 
reference 
output, 
VREFOUT, and 
the voltage 
applied 
to the DB-37's 
pin 22 and applies 
it to 
the LM12(H)454/8's 
VREF+ 
input. 


TABLE 
III. LM12(H)454/8 
Evaluation/Interface 


Board 
SW DIP-8 Switch 
Settings 
for Available 
I/O Memory 
Locations 


Hexidecimal 
SWDIP-8 


I/O Memory 


Base Address 
SW1 
SW2 
SW3 
SW4 


(SELO) 
(SEL 1) 
(SEL2) 
(SEL3) 


100 
ON 
ON 
ON 
ON 


120 
OFF 
ON 
ON 
ON 


140 
ON 
OFF 
ON 
ON 


160 
OFF 
OFF 
ON 
ON 


180 
ON 
ON 
OFF 
ON 


lAO 
OFF 
ON 
OFF 
ON 


lCO 
ON 
OFF 
OFF 
ON 


300 
OFF 
OFF 
OFF 
ON 


340 
ON 
ON 
ON 
OFF 


280 
OFF 
ON 
ON 
OFF 


2AO 
ON 
OFF 
ON 
OFF 


The board 
allows 
the use of one of three 
Interrupt 
Request 
(IRQ) lines 
IRQ2, 
IRQ3, and 
IRQ5. The individual 
IRQ line 
can 
be selected 
using 
switches 
5, 6, and? 
of SW DIP-8. 


When 
using 
any 
of these 
three 
IRQs, 
the 
user 
needs 
to 


ensure 
that 
there 
are no conflicts 
between 
the 
evaluation 
board 
and 
any 
other 
boards 
attached 
to 
the 
computer's 
motherboard. 


Switches 
1-4, 
along with address 
lines A5-A9 
are used as 


inputs to GAL 16V8 Programmable 
Gate Array (U2). This de- 


vice 
forms 
the 
interface 
between 
the 
computer's 
control 
and address 
lines and generates 
the control 
signals 
used by 


the 
LM12(H)454/8 
for CS, WR, and 
RD. It also 
generates 


the 
signal 
that 
controls 
the 
data 
buffers. 
Several 
address 


ranges 
within 
the 
computer's 
I/O 
memory 
map 
are avail- 


able. Refer to Table 
III for the switch 
settings 
that gives the 


desired 
I/O memory 
address 
range. Selection 
of an address 
range 
must be done 
so that there 
are no conflicts 
between 


the evaluation 
board 
and any other 
boards 
attached 
to the 


computer's 
motherboard. 
The GAL equations 
are shown 
in 


Figure 
14. The 
GAL 
functional 
block 
diagram 
is shown 
in 
Figure 
15. 


Figures 
16-19 
show the layout 
of each 
layer in the 3-layer 


evaluation/interface 
board plus the silk-screen 
layout show- 


ing parts placement. 
Figure 
17is the top or component 
side, 


Figure 
18 is the middle 
or ground 
plane 
layer, Figure 
19 is 


the circuit 
side, and Figure 
16 is the parts layout. 
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Note: 
The layout utilizes a split ground plane. The analog ground plane is placed under all analog signals and US pins 1, 34-44. 
The remaining signals and pins are 
placed over the digital ground. The single point ground connection 
is at U6, pin 2, and this is connected 
to the motherboard 
pin 81. 


Y1 
HC49U, 8 MHz crystal 


D1 
1N4002 


L1 
33 JLH 


P1 
DB37F; parallel connector 


R1 
10 MO, 5%, %W 


R2 
2 kO, 5%, %W 


RN1 
10 kO, 6 resistor SIP,'5%, 
YaW 


JP1, JP2 
HX3, 3-pin jumper 


S1 
SW DIP-8; 8 SPST switches 


C1-3, 
C6, C9-11, 
C19, C22 
0.1 JLF,50V, monolithic 
ceramic 


C4 
68 pF, 50V, ceramic disk 


C5 
15 pF, 50V, ceramic disk 


C7,C21 


C8, C12, C20 


C13,C16 


C14,C18 


C15, C17 


U1 


U2 


U3 


U4 


U5 


U6 


SK1 


A1 


100 JLF,25V, electrolytic 


10 JLF,35V, electrolytic 


0.01 JLF, 50V, monolithic 
ceramic 


1 JLF,35V, tantalum 


100 JLF,50V, ceramic disk 


MM74HCT244N 


GAL 16V8-20LNC 


MM74HCT245N 


MM74HCU04N 


LM12(H)458CIV 
or LM12(H)454CIV 


LM340AT-5.0 


44-pin PLCC socket 


LM12(H)458/4 
Rev. D PC Board 


FIGURE 13. Schematic and Parts List for the LM12(H)454/8 Evaluatlonllnterface 
Board for XT and AT Style Computers, Order Number LM12458EVAL 
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FIGURE 16. Silk·Screen Layout Showing Parts Placement on the LM12(H)454/8 Evaluation/Interface 
Board 
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t!1National 
Semiconductor 


LM 12L454/LM 12L458 12-Bit + 
Sign Data Acquisition System with Self-Calibration 


General Description 


The 
LM12L454 
and 
LM12L458 
are highly 
integrated 
3.3V 


Data Acquisition 
Systems. 
They 
combine 
a fUlly-differential 


self-calibrating 
(correcting 
linearity 
and 
zero 
errors) 
13-bit 


(12-bit + sign) analog-to-digital 
converter 
(A DC) and sam- 
ple-and-hold 
(S/H) 
with extensive 
analog 
functions 
and digi- 


tal functionality. 
Up to 32 consecutive 
conversions, 
using 


two's 
complement 
format, 
can 
be 
stored 
in an 
internal 


32-word 
(16-bit 
wide) 
FIFO data 
buffer. 
An internal 
8-word 


RAM 
can 
store 
the 
conversion 
sequence 
for 
up to eight 
acquisitions 
through 
the 
LM12L458's 
eight-input 
multiplex- 


er. The LM12L454 
has a four-channel 
mUltiplexer, 
a differ- 
ential 
multiplexer 
output, 
and a differential 
S/H 
input. 
The 


LM12L454 
and 
LM12L458 
can 
also 
operate 
with 
8-bit + 
sign resolution 
and in a supervisory 
"watchdog" 
mode that 
compares 
an input signal 
against 
two programmable 
limits. 


Programmable 
acquisition 
times 
and 
conversion 
rates 
are 


possible 
through 
the use of internal 
clock-driven 
timers. 


All 
registers, 
RAM, 
and 
FIFO 
are 
directly 
addressable 


through 
the 
high speed 
microprocessor 
interface 
to either 


an 8-bit 
or 16-bit 
databus. 
The 
LM12L454 
and 
LM12L458 


include 
a direct 
memory 
access 
(DMA) 
interface 
for high- 
speed 
conversion 
data transfer. 


Key Specifications 
(feLK = 6 MHz) 


• 
Resolution 
12-bit + sign or 8-bit + sign 


• 
13-bit conversion 
time 
7.3 fJ-s 


• 
9-bit conversion 
time 
3.5 fJ-s 


• 
13-bit Through-put 
rate 
106k samples/s 
(min) 


• 
Comparison 
time 


("watchdog" 
mode) 


.ILE 


• 
VIN range 
• 
Power 
dissipation 


• 
Stand-by 
mode 


• 
Single 
supply 


1.8 fJ-s (max) 


±1 
LSB (max) 


GND to VA+ 


15 mW (max) 


5 fJ-W (typ) 


3V to 5.5V 


Features 


• 
Three 
operating 
modes: 
12-bit + 
sign, 
8-bit 
+ 
sign, 


and "watchdog" 


• 
Single-ended 
or differential 
inputs 


• 
Built-in 
Sample-and-Hold 


• 
Instruction 
RAM and event 
sequencer 


• 
8-channel 
(LM12L458), 
4-channel 
(LM12L454) 


multiplexer 


• 
32-word 
conversion 
FIFO 


• 
Programmable 
acquisition 
times 
and conversion 
rates 


• 
Self-calibration 
and diagnostic 
mode 


• 
8- or 16-bit wide databus 
microprocessor 
or DSP 
interface 


• 
CMOS 
compatible 
I/O 


Applications 


• 
Data Logging 


• 
Process 
Control 


• 
Energy 
Management 


• 
Medical 
Instrumentation 


IN5(l.IUXOUT+)· 


IN4(WUXOUT-)· 


1'3 


LM12L458 
(LM12L454) 


Order 
Number 
LM12L454CIVor 
LM12L458CIV 
See NS Package 
Number 
V44A 


III 


s/H 
IN+ 


s/H 
IN- 


l.lUXOUT+ 


WUXOUT- 


v; 
yO 
GNO 
i i i 


lfT"l'ilEf 
~CONTROLlOGffTTl 


F1II 
DO 
01 
02 
03 
il' 
05 
OS 
07 
OS 
09 
010011 
012 013 014 015 
AO 
Al 
A2 
A3 
•• 
Cs Ro ViR 
ALE 
(lSB) 
(WSB) 


v; 
yO 
GNO 
i i i 


[ 
SHECT 
a: CONTROL lOGIC 


f f f f f 
f 


AO 
Al 
A2 
A3 
•• 
Cs 
I 
f f f 
Ro 
ViR 
ALE 


Guaranteed 
Guaranteed 
Order 
SeeNS 
Clock Freq (m!n) 
linearity 
Error (max) 
Part Number 
Package 
Number 


6 MHz 
± 1.0 LSB 
LM 12L454CIV 
V44A 


LM12L458CIV 
V44A 


Absolute Maximum Ratings 
(Notes 
1, 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
See AN-450 
"Surface 
Mounting 
Methods 
and Their 
Effect 


please 
contact 
the 
National 
Semiconductor 
Sales 
on Product 
ReliabilitY" 
for other 
methods 
of soldering 
sur- 
Office/Distributors 
for 
availability 
and 
specifications. 
face 
mount 
devices. 


Supply Voltage 
(VA + and Vo +) 
6.0V 
Operating Ratings 
(Notes 
1, 2) 
Voltage 
at Input and Output 
Pins 


except 
INO-IN3 
(LM12L454) 
-0.3V 
to v+ 
+ 0.3V 
Temperature 
Range 


and INO-IN7 
(LM12L458) 
(Tmin 
,,;; TA ,,;; T maxl 


Voltage 
at Analog 
Inputs 
INO-IN3 
(LM12L454) 
LM 12L454CIV ILM 12L458CIV 
-40'C 
,,;;TA ,,;;85'C 


and INO-IN7 
(LM12L458) 
GND 
- 
5VtoV+ 
+ 5V 
Supply 
Voltage 


IVA+ 
- 
vo+1 
300 mV 
VA+, 
Vo+ 
3.0Vto 
5.5V 


Input Current 
at Any Pin (Note 3) 
±5mA 
IVA+ 
- 
vo+1 
,,;;100mV 


Package 
Input Current 
(Note 3) 
±20mA 
VIN + Input Range 
GND,,;; 
VIN+ 
,,;;VA+ 


Power 
Dissipation 
(TA = 25'C) 
VIN- 
Input Range 
GND,,;; 
VIN- 
,,;;VA+ 


V Package 
(Note 4) 
875mW 
VREF + Input Voltage 
1V,,;; VREF+ 
,,;;VA+ 


Storage 
Temperature 
- 65'C to + 150'C 
VREF - 
Input Voltage 
OV ,,;;VREF- 
,,;;VREF+ 
- 
1V 


Lead Temperature 
VREF+ 
- 
VREF- 
1V,,;; VREF";; 
VA+ 
V Package, 
Infrared, 
15 sec. 
+300'C 
VREF Common 
Mode 


ESD Susceptibility 
(Note 5) 
1.5 kV 
Range (Note 16) 
0.1 VA + ,,;;VREFCM ,,;;0.6 VA + 


Converter 
Characteristics 


The following 
specifications 
apply to the LM12L454 
and LM12L458 
for VA + = Vo+ 
= 3.3V, VREF+ 
= 2.5V, VREF- 
= OV, 
12-bit 
+ sign conversion 
mode, fCLK = 6.0 MHz, Rs = 25!l, 
source 
impedance 
for VREF + and VREF _ ,,;;25!l, 
fully-differential 
input 
with 
fixed 
1.25V 
common-mode 
voltage, 
and 
minimum 
acquisition 
time 
unless 
otherwise 
specified. 
Boldface 
limits 


apply for 
T A = TJ = TIlIN to 
TIIAX; 
all other 
limits TA = TJ = 25'C. 
(Notes 
6, 7, 8, and 9) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Unit 


(Note 
10) 
(Note 
11) 
(Limit) 


ILE 
Positive 
and Negative 
Integral 
After Auto-Cal 
(Notes 
12, 17) 


Linearity 
Error 
±1/2 
±1 
LSB (max) 


TUE 
Total Unadjusted 
Error 
After Auto-Cal 
(Note 12) 
±1 
LSB 


Resolution 
with No Missing 
Codes 
After Auto-Cal 
(Note 12) 
13 
Bits (max) 


DNL 
Differential 
Non-Linearity 
After Auto-Cal 
±1 
LSB (max) 


Zero Error 
- 
After Auto-Cal 
(Notes 
13, 17) 
±1I4 
±1 
LSB (max) 


Positive 
Full-Scale 
Error 
After Auto-Cal 
(Notes 
12, 17) 
±1/2 
±3 
LSB (max) 


Negative 
Full-Scale 
Error 
After Auto-Cal 
(Notes 
12, 17) 
±1/2 
±3 
LSB (max) 


DC Common 
Mode Error 
(Note 14) 
±2 
±4 
LSB (max) 


ILE 
8-Bit 
+ Sign and "Watchdog" 
(Note 12) 


Mode Positive 
and Negative 
± 1/2 
LSB (max) 


Integral 
Linearity 
Error 


TUE 
8-Bit 
+ Sign and "Watchdog" 
Mode 
After Auto-Zero 


Total Unadjusted 
Error 
±1/2 
±3/4 
LSB (max) 


8-Bit 
+ Sign and "Watchdog" 
Mode 
9 
Bits (max) 
Resolution 
with No Missing 
Codes 
I 


DNL 
8-Bit 
+ Sign and "Watchdog" 
Mode 
±1 
LSB (max) 
Differential 
Non-Linearity 
I 


8-Bit 
+ Sign and "Watchdog" 
Mode 
After Auto-Zero 
± 1/2 
LSB (max) 
Zero Error 
.. 


8-Bit 
+ Sign and "Watchdog" 
Positive 
± 1/2 
LSB (max) 
and Negative 
Full-Scale 
Error 


, 


-pp-, --- ... 
..• - 
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Symbol 
Parameter 
Conditions 
Typical 
Um'" 
Unit 
(Note 10) 
(Note 11) 
(Umlt) 


8-Bit + Sign and "Watchdog" 
Mode 
±1/8 
LSB 
DC Common 
Mode Error 


MUltiplexer 
Channel-to-Channel 
±0.05 
LSB 
Matching 


VIN+ 
Non-Inverting 
Input Range 
GND 
V (min) 


v.+ 
V (max) 


VIN- 
Inverting 
Input Range 
aND 
V (min) 


v.+ 
V (max) 


VIN+ 
- 
VIN- 
Differential 
Input Voltage 
Range 
-v.+ 
V (min) 


v.+ 
V (max) 


VIN+ 
- 
VIN- 
Common 
Mode Input Voltage 
Range 
aND 
V (min) 


2 
v.+ 
V (max) 


PSS 
Power Supply 
Zero Error 
VA+ 
= Vo+ 
= 3.3V ±10% 
±0.2 
±1.75 
LSB(max) 


Sensitivity 
Full-Scale 
Error 
VREF+ = 2.5V, VREF- 
= GND 
±0.4 
±2 
LSB(max) 


(Note 15) 
Linearity 
Error 
±0.2 
LSB 


CREF 
VREF + IVREF- 
Input Capacitance 
85 
pF 


CIN 
Selected 
Multiplexer 
Channel 
Input 
75 
pF 
Capacitance 


Converter 
AC Characteristics 


The following 
specifications 
apply to the LM12L454 
and LM12L458 
for VA + = Vo+ 
= 3.3V, VREF+ 
= 2.5V, VREF- 
= OV, 
12-bit + sign conversion 
mode, fCLK = 6.0 MHz, Rs = 250, 
source 
impedance 
for VREF + and VREF _ s: 250, 
tully-differential 
input 
with 
fixed 
1.25V 
common-mode 
voltage, 
and 
minimum 
acquisition 
time 
unless 
otherwise 
specified. 
801-"- 
IIMIta 
apply for T. 
= T•• = TMIN to TM.u:; all other 
limits TA = TJ = 25°C. (Notes 
6,7,8, 
and 9) 


Symbol 
Parameter 
Conditions 
Typical 
Uml" 
Unit 


(Note 10) 
(Note 11) 
(Umlt) 


Clock Duty Cycle 
50 
% 


40 
% (min) 


eo 
% (max) 


!e 
Conversion 
Time 
13-Bit Resolution, 
44 (!euO 
44 <teut) + 50 na 
(max) 
Sequencer 
State S5 (Figure 
11) 


9-Bit Resolution, 


21 (!eLK) 
21 <teLK)+ SOna 
(max) 
Sequencer 
State S5 (Figure 
11) 


tA 
Acquisition 
Time 
Sequencer 
State S7 (Figure 
11) 
9 (!eLK> 
8 <teut) + 50 na 
(max) 
Built-in minimum 
for 13-Bits 


Built-in minimum 
for 9-Bits and 
2 (!eLK> 
2 <teLK)+ 50 na 
(max) 
"Watchdog" 
mode 


tz 
Auto-Zero 
Time 
sequencer 
State S2 (Figure 
11) 
76 (!eLK> 
7e <teut) + 50 na 
(max) 


!eAL 
Full Calibration 
Time 
Sequencer 
State S2 (Figure 
11) 
4944 (!eLK) 
4844 <teLK)+ SO na 
(max) 


Throughput 
Rate 
107 
10e 
kHz 
(Note 18) 
(min) 


two 
"Watchdog" 
Mode Comparison 
Time 
Sequencer 
States 
S6, S4, 


11 (!eLK) 
11 <teLK)+ 50 ns 
(max) 
and S5 (Figure 
11) 


tpu 
Power-Up 
Time 
10 
ms 


twu 
Wake-Up 
Time 
10 
ms 


;:,ymDol 
,..arliffiCner 
,",UIIUllIUIID 
(Note 
10) 
(Note 
11) 
(Limit) 


10+ 
Vo + Supply Current 
cg= 
"1" 
mA(max) 


LM12L454/8 
0.4 
1.0 


IA+ 
VA + Supply Current 
cg = "1" 
mA(max) 


LM12L454/8 
2.25 
3.5 


1ST 
Stand-By 
Supply Current(lo 
+ + IA+) 
Power-Down 
Mode Selected 


Clock Stopped 
1.5 
4.5 
IJ-A(max) 


6 MHz Clock 
30 
IJ-A(max) 


Multiplexer 
ON-Channel 
Leakage 
Current 
VA+ = 3.6V 


ON-Channel 
= 3.6V 


OFF-Channel 
= OV 
0.1 
0.3 
IJ-A(max) 


ON-Channel 
= OV 


OFF-Channel 
= 3.6V 
0.1 
0.3 
IJ-A(max) 


Multiplexer 
OFF-Channel 
Leakage 
Current 
VA+ = 3.6V 


ON-Channel 
= 3.6V 


OFF-Channel 
= OV 
0.1 
0.3 
IJ-A(max) 


ON-Channel 
= OV 


OFF-Channel 
= 3.6V 
0.1 
0.3 
IJ-A(max) 


RON 
Multiplexer 
ON-Resistance 
LM12L454 


VIN = 3.3V 
850 
1500 
!1(max) 


VIN = 1.65V 
1300 
2000 
!1(max) 


VIN = OV 
830 
1500 
!1(max) 


Multiplexer 
Channel-to-Channel 
LM12L454 


RON matching 
VIN = 3.3V 
±1.0% 
±3.0"k 
(max) 


VIN = 1.65V 
± 1.0% 
±3.0"k 
(max) 


-~ 
VIN = OV 
± 1.0% 
±3.0% 
(max) • 


Digital Characteristics 
The following 
specifications 
apply to the LM12L454 
and LM12L458 
for VA + = Vo+ 
= 
3.3V, unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
T A = TJ = TMIN to TMAX; 
all other 
limits TA = TJ = 25"C. 


(Notes 
6,7, 
and 8) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Unit 


(Note 
10) 
(Note 
11) 
(Limit) 


VIN(1) 
Logical 
"1" 
Input Voltage 
VA+ = Vo+ 
= 3.6V 
2.0 
V (min) 


VIN(O) 
Logical 
"0" 
Input Voltage 
VA+ = Vo+ 
= 3.0V 
0.7 
V (max) 


ALE, Pin 22 
o.e 


IIN(1) 
Logical 
"1" 
Input Current 
VIN = 3.3V 
0.005 
1.0 
,..A(max) 
, 
2.0 


IIN(O) 
Logical 
"0" 
Input Current 
VIN = OV 
-0.005 
-1.0 
,..A(max) 


- 
-2.0 


CIN 
DO-D15 
Input Capacitance 
6 
pF 


VOUT(1) 
Logical 
"1" 
Output Voltage 
VA+ = Vo+ 
= 3.0V 


lOUT = - 360 ,..A 
2.4 
V (min) 


, 
lOUT = -lO,..A 
2.85 
V (min) 


VOUT(O) 
Logical 
"0" 
Output Voltage 
VA+ = Vo+ 
= 3.0V 


lOUT = 1.6mA 
, 
0.4 
V (max) 


lOUT = 10,..A 
0.1 


lOUT 
TRI-STATEI!> Output 
Leakage 
Current 
VOUT = OV 
-0.01 
-3.0 
,..A(max) 


VOUT = 3.3V 
0.01 
3.0 
,..A(max) 


Digital Timing Characteristics 
The following 
specifications 
apply to the LM12L454 
and LM12L458 
for VA + = Vo + = 3.3V, tr = tf = 3 ns, and CL = 100 pF 
on data 1/0, 
INT and DMARQ 
lines unless 
otherwise 
specified. 
Boldfacellmlta 
apply 
for 
TA = TJ = TMIN to TMAX; 
all 


other 
limits TA = TJ = 25"C. (Notes 
6, 7, and 8) 


Symbol 
Typical 
Limits 
Unit 
(See Figures 
Parameter 
Conditions 
(Note 
10) 
(Note 
11) 
(Limit) 
8a, 8b, and 8e) 


1,3 
~ 
or Address 
Valid to ALE Low 
40 
ns(min) 
Set-UpTime 


2,4 
~ 
or Address 
Valid to ALE Low 
20 
ns(min) 
Hold Time 


5 
ALE Pulse Width 
45 
ns(min) 


6 
RD High to Next ALE High 
35 
ns(min) 


7 
ALE Low to RD Low 
20 
ns(min) 


8 
RD Pulse Width 
100 
ns(min) 


9 
RD High to Next RD or WR Low 
100 
ns(min) 


10 
ALE Low to WR Low 
20 
ns(min) 


11 
WR Pulse Width 
eo 
ns(min) 


12 
WR High to Next ALE High 
75 
ns(min) 


13 
WR High to Next RD or WR Low 
140 
ns(min) 


14 
Data Valid to WR High Set-Up Time 
40 
ns(min) 


15 
Data Valid to WR High Hold Time 
30 
ns(min) 


16 
RD Low to Data Bus Out of TRI-STATE 
30 
10 
ns(min) 


70 
ns(max) 


17 
RD High to TRI-STATE 
RL = 1 kO 
30 
10 
ns(min) 


110 
ns(max) 


18 
RD Low to Data Valid (Access 
Time) 
30 
10 
ns(min) 


St5 
ns(max) 


Digital Timing Characteristics 
The following 
specifications 
apply to the LM12L454 
and LM12L458 
for VA + = VD+ 
= 3.3V, tr = tf = 3 ns, and CL = 100 pF 
on data I/O, 
INT and DMARQ 
lines unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to 
TMAX; 
all 
other 
limits TA = TJ = 25°C. (Notes 
6, 7, and 8) (Continued) 


Symbol 
Typical 
Limits 
Unit 
(See Figures 
Parameter 
Conditions 
(Note 
10) 
(Note 
11) 
(Limit) 
8a, 8b, and 8e) 


20 
Address 
Valid or CS Low to RD Low 
20 
ns(min) 


21 
Address 
Valid or CS Low to WR Low 
, 
20 
ns(min) 


19 
Address 
Invalid 
10 
ns(min) 
from RD or WR High 


22 
INT High from RD Low 
30 
10 
ns(min) 


60 
ns (max) 


23 
DMARQ 
Low from RD Low 
30 
10 
ns(min) 
60 
ns(max) 


Note 
1: Absolute 
Maximum 
Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device 
is not operated 
under the listed test 
conditions. 


Note 2: All voltages 
are measured with respect to GND, unless otherwise 
specified. 


Note 3: When the input voltage (VJN)at any pin exceeds the power supply rails (VIN < GND or VIN > (VA + or Vo +», the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current of 5 mA, to simultaneously 
exceed the power 


supply voltages. 


Note 4: The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is dictated 
by TJmax (maximum junction 
temperature), 
0JA (package 
junction to ambient thermal resistance), 
and TA (ambient temperature). 
The maximum allowable power dissipation at any temperature 
is PDmax = (TJmax - 
TAlI 
0JA or the number given in the Absolute 
Maximum Ratings. whichever 
is lower. For this device, TJmax = 150"C, and the typical thermal resistance 
(0JAl of the 


LM12L454 
and LM12L458 
in the V package, when board mounted, is 47'C/W. 


Note 5: Human body model, 100 pF discharged 
through a 1.5 kn resistor. 


Note 6: Two on-chip diodes are tied to each analog input through a series resistor, as shown below. Input voltage 
magnitude 
up to 5V above VA + or 5V below 
GND will not damage the lM12l454 
or the lM12l458. 
However, errors in the AID 
conversion 
can occur if these diodes are forward biased by more than 100 mY. 


As an example, if VA + is 3.0 Voc, full-scale 
input voltage 
must be :s::3.1 Voc to ensure accurate conversions. 


VA + 


TLIH/11711-4 


Note 
7: VA + and Vo+ 
must be connected 
together 
to the same power 
supply voltage 
and bypassed 
with separate 
capacitors 
at each V+ 
pin to assure 


conversion/ 
comparison 
accuracy. 


Note 8: Accuracy 
is guaranteed 
when operating 
at fCLK = 6 MHz. 


Note 9: With the test condition 
for VREF = VREF+ 
- 
VREF- 
given as +2.5V, 
the 12~bit lSB 
is 305 JJ.Vand the 8-bitl"Watchdog"lSB 
is 4.88 mY. 


Note 10: Typicats are at TA = 25°C and represent 
most likely parametric 
norm. 


Note 11: limits 
are guaranteed 
to National's 
AOQl 
(Average Output Quality level). 


Note 12: Positive integral linearity error is defined as the deviation of the analog value, expressed 
in lSBs, 
from the straight line that passes through positive full~ 
scale and zero. For negative integral linearity error the straight line passes through negative full-scale 
and zero. (See Figures 5b and 5c). 


Note 13: Zero error is a measure of the deviation from the mid~scale voltage (a code of zero), expressed 
in lSB. 
It is the worst~case value of the code transitions 


between 
-1 
to 0 and 0 to + 1 (see Figure 6). 


Note 14: The DC common-mode 
error is measured with both inputs shorted together and driven from OV to 2.5V. The measured value is referred to the resulting 
output value when the inputs are driven with a 1.25V signal. 


Note 15: Power Supply Sensitivity 
is measured after Auto-Zero 
and/or 
Auto-Calibration 
cycle has been completed 
with VA + and Vo+ 
at the specified 
extremes. 


Note 16: VREFCM (Reference 
Voltage Common 
Mode Range) is defined as (VREF+ 
+ VREF-)/2. 


Note 17: The lM12l454/8's 
self-calibration 
technique 
ensures linearity and offset errors as specified, but noise inherent in the self~calibration process will result in 
a repeatability 
uncerteinty 
of ±O.10 LSB. 


Note 18: The Throughput 
Rate is for a single instruction 
repeated continuously. 
Sequencer 
states 0 (1 clock cycle), 1 (1 clock cycle), 7 (9 clock cycles) and 5 (44 


clock cycles) are used (see Figure 
11). One additional 
clock cycle is used to read the conversion 
result stored in the FIFO, for a total of 56 clock cycles per 
conversion. 
The Throughput 
Rate is fCLK (MHz)/N, 
where N is the number of clock cycles/conversion. 
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Typical Performance Characteristics 
The 
following 
curves 
apply 
for 
12-bit 
+ 
sign 
mode 
after 
auto-calibration 
with 
VA+ 
= 
Vo+ 
= 
3.3V, 
VREF+ 
= 
2.5V, 


VREF - = av, TA = 25'C, 
and feLK = 6 MHz unless 
otherwise 
specified. 
The performance 
for 8-bit + sign and "watchdog" 


modes 
is equal to or better 
than shown. 
(Note 
9) 
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Typical Performance 
Characteristics 


The following 
curves apply for 12-bit + sign mode after auto-calibration 
unless otherwise 
specified. 
The performance 
for S-bit + 
sign and "watchdog" 
modes 
is equal to or better 
than shown. 
(Note 
9) (Continued) 
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DATA 


OUTPUT 
I 
Cc = lOOp, 


DATA 


OUTPUT 
ICc=100P' 


Timing Diagrams 


VA + = Vo + = + 3.3V, tR = tF = 3 ns, CL = 100 pF for the INT, DMARQ, 
DO-D15 
outputs. 
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17: RD high to TRI-STATE 


18: RD low to data valid (access 
time) 


Timing Diagrams 


VA + = Vo+ 
= +3.3V. 
tA = tF = 3 ns, CL = 100pF for the INT. OMARa. 
00-015 outputs. 
(Continued) 
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Data Bus (ALE 
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8: 1fI5 pulse width 
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11: WR pulse width 
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14: Data valid to WR high set-up 
time 


15: Data valid to WR high hold time 


16: RO low to data bus out of TRI-STATE 
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time) 
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range is + 3.0V to + 5.5V. Accuracy 
is guaranteea 
only if VA + and Vo + are connected 
to the same 
power 
supply. 
Each 
pin 
should 
have 
a 
parallel 
combination 
of 10 /LF (electroly1ic 
or tantalum) 
and 
0.1 /LF (ceramic) 
bypass 
capacitors 
connected 
be- 
tween 
it and ground. 


00-015 
The internal 
data input/output 
TRI-STATE 
buffers 
are connected 
to these pins. These 
buffers 
are de- 
signed 
to drive capacitive 
loads of 100 pF or less. 
External 
buffers 
are 
necessary 
for 
driving 
higher 
load 
capacitances. 
These 
pins allows 
the 
user 
a 
means 
of instruction 
input and data output. 
With a 
logic 
high applied 
to the BW pin, data 
lines 
08- 
015 are placed 
in a high impedance 
state and data 
lines 
00-07 
are 
used 
for 
instruction 
input 
and 
data output when the LM12L454/8 
is connected 
to 
an 8-bit wide data bus. A logic low on the BW pin 
allows 
the 
LM12L454/8 
to exchange 
information 
over a 16-bit wide data bus. 


RD 
This is the input for the active 
low READ bus con- 
trol signal. 
The data input/output 
TRI-STATE 
buff- 
ers, as selected 
by the logic signal 
applied 
to the 
BW pin, are enabled 
when 
RD and CS are both 
low. This allows the LM12L454/8 
to transmit 
infor- 
mation 
onto the databus. 


WR 
This is the input for the active 
low WRITE 
bus con- 
trol signal. The data input/output 
TRI-STATE 
buff- 
ers, as selected 
by the logic signal 
applied 
to the 
BW pin, are enabled 
when 
WR and CS are both 
low. This allows 
the LM12L454/8 
to receive 
infor- 
mation 
from the databus. 


CS 
This is the input for the active 
low Chip Select 
con- 
trol signal. A logic low should 
be applied 
to this pin 
only 
during 
a 
READ 
or 
WRITE 
access 
to 
the 
LM12L454/8. 
The 
internal 
clocking 
is halted 
and 
conversion 
stops while Chip Select 
is low. Conver- 
sion 
resumes 
when 
the 
Chip 
Select 
input 
signal 
returns 
high. 


ALE 
This is the Address 
Latch Enable 
input. It is used in 
systems 
containing 
a multiplexed 
databus. 
When 
ALE 
is asserted 
high, 
the 
LM12L454/8 
accepts 
information 
on the databus 
as a valid 
address. 
A 
high-to-Iow 
transition 
will latch the address 
data on 
AO-A4 
and the 
logic 
state 
on the CS input. 
Any 
changes 
on AO-A4 
and CS while 
ALE is low will 
not affect 
the LM12L454/8. 
See Figure 
8a. When 
a non-multiplexed 
bus is used, ALE is continuously 
asserted 
high. See Figure 
8b. 


CLK 
This 
is 
the 
external 
clock 
input 
pin. 
The 
LM12L454/8 
operates 
with an input clock frequen- 
cy in the range 
of 0.05 MHz to 8 MHz. 


AO-A4 
These 
are the LM12L454/8's 
address 
lines. They 
are used 
to access 
all internal 
registers, 
Conver- 
sion FIFO, and Instruction 
RAM. 


SYNC 
This 
is the 
synchronization 
input/output. 
When 
used as an output, 
it is designed 
to drive capacitive 
loads 
of 100 pF or less. External 
buffers 
are nec- 
essary 
for driving 
higher 
load capacitances. 
SYNC 
is an Input if the Configuration 
register's 
"1/0 
Se- 
lect" 
bit is low. A rising 
edge 
on this 
pin causes 


INO-IN7 
(INO-IN3 
LM12L454 


S/H 
IN+ 
S/H 
IN- 


MUXOUT+ 
MUXOUT- 


VREF- 


slon or maKes a companson 
to a programma- 
ble 
limit 
depending 
on 
which 
function 
is re- 
quested 
by a programming 
instruction. 
This pin 
will be an output 
if "I/O 
Select" 
is set high. 


The 
SYNC 
output 
goes 
high when 
a conver- 
sion or a comparison 
is started 
and low when 
completed. 
(See Section 
2.2). An internal 
reset 
after power 
is first applied 
to the LM12L454/8 
automatically 
sets this pin as an input. 


This 
is the Bus Width 
input 
pin. This input 
al- 
lows the LM12L454/8 
to interface 
directly 
with 
either an 8- or 16-bit databus. 
A logic high sets 
the 
width 
to 8 bits 
and 
places 
08-015 
in a 
high 
impedance 
state. 
A 
logic 
low 
sets 
the 
width 
to 16 bits. 


This is the active 
low interrupt 
output. 
This out- 
put 
is designed 
to 
drive 
capacitive 
loads 
of 
100 pF or less. External 
buffers 
are necessary 
for driving 
higher 
load capacitances. 
An inter- 


rupt 
signal 
is 
generated 
any 
time 
a 
non- 
masked 
interrupt 
condition 
takes 
place. 
There 
are eight 
different 
conditions 
that 
can 
cause 
an interrupt. 
Any interrupt 
is reset 
by reading 
the Interrupt 
Status 
register. 
(See Section 
2.3.) 


This is the active 
high Direct 
Memory 
Access 
Request 
output. 
This 
output 
is designed 
to 
drive capacitive 
loads of 100 pF or less. Exter- 
nal 
buffers 
are 
necessary 
for 
driving 
higher 
load capacitances. 
It goes 
high whenever 
the 
number 
of conversion 
results 
in the conversion 
FIFO 
equals 
a programmable 
value 
stored 
in 
the Interrupt 
Enable 
register. 
It returns 
to a log- 
ic low when 
the FIFO is empty. 


This is the LM12L454/8 
ground 
connection. 
It 


should 
be connected 
to a low resistance 
and 
inductance 
analog ground 
return that connects 
directly 
to the system 
power 
supply 
ground. 


These 
are 
the 
eight 
(LM12L458) 
or 
four 
(LM12L454) 
analog 
inputs. 
A given 
channel 
is 
selected 
through 
the 
instruction 
RAM. 
Any of 
the channels 
can be configured 
as an indepen- 
dent single-ended 
input. Any pair of channels, 


whether 
adjacent 
or non-adjacent, 
can operate 
as a fully differential 
pair. 


These 
are the 
LM12L454's 
non-inverting 
and 
inverting 
inputs to the internal 
S/H. 


These 
are the 
LM12L454's 
non-inverting 
and 
inverting 
outputs 
from the internal 
multiplexer. 


This 
is 
the 
negative 
reference 
input. 
The 
LM12L454/8 
operate 
with 
OV 
:5: 
VREF- 
:5: 


VREF+. 
This 
pin 
should 
be 
bypassed 
to 
ground 
with 
a parallel 
combination 
of 
10 /LF 
and 0.1 /LF (ceramic) 
capacitors. 


This 
is 
the 
positive 
reference 
input. 
The 
LM12L454/8 
operate 
with 
OV 
:5: 
VREF+ 
:5: 


VA +. This 
pin should 
be bypassed 
to ground 
with 
a 
parallel 
combination 
of 
10 
/LF 
and 
0.1 /LF (ceramic) 
capacitors. 


This is a no connect 
pin. 


Application 
Information 


1.0 Functional Description 


The LM 12L454 
and LM 12L458 are multi-functional 
Data Ac- 
quisition 
Systems 
that include 
a fully differential 
12-bit-plus- 
sign self-calibrating 
analog-to-digital 
converter 
(ADC) with a 
two's-complement 
output 
format, 
an 8-channel 
(LM12L458) 
or a 4-channel 
(LM12L454) 
analog 
multiplexer, 
a first-in- 
first-out 
(FIFO) register 
that can store 32 conversion 
results, 
and 
an Instruction 
RAM 
that 
can 
store 
as many 
as eight 
instructions 
to 
be 
sequentially 
executed. 
The 
LM12L454 
also 
has a differential 
multiplexer 
output 
and a differential 
S/H 
input. 
All 
of this 
circuitry 
operates 
on 
only 
a single 
+ 3.3V power 
supply. 


The LM12L454/8 
have three 
modes 
of operation: 
12-bit + sign with correction 
8-bit + sign without 
correction 
8-bit + sign comparison 
mode 
("watchdog" 
mode) 


The fully differential 
12-bit-plus-sign 
ADC uses a charge 
re- 
distribution 
topology 
that 
includes 
calibration 
capabilities. 
Charge 
re-distribution 
ADCs use a capacitor 
ladder 
in place 
of a resistor 
ladder 
to form 
an internal 
DAC. The 
DAC 
is 
used 
by a successive 
approximation 
register 
to generate 
intermediate 
voltages 
between 
the 
voltages 
applied 
to 
VREF - 
and VREF +. These 
intermediate 
voltages 
are com- 
pared 
against 
the sampled 
analog 
input voltage 
as each bit 
is generated. 
The 
number 
of 
intermediate 
voltages 
and 
comparisons 
equals 
the ADC's 
resolution. 
The correction 
of 
each 
bit's 
accuracy 
is accomplished 
by calibrating 
the ca- 
pacitor 
ladder 
used in the ADC. 


Two different 
calibration 
modes 
are available; 
one compen- 
sates 
for offset 
voltage, 
or zero 
error, 
while 
the other 
cor- 
rects both offset 
error and the ADC's 
linearity 
error. 


When 
correcting 
offset 
only, 
the 
offset 
error 
is measured 
once 
and a correction 
coefficient 
is created. 
During the full 
calibration, 
the 
offset 
error 
is measured 
eight 
times, 
aver- 
aged, 
and a correction 
coefficient 
is created. 
After 
comple- 
tion of either 
calibration 
mode, 
the offset 
correction 
coeffi- 


cient 
is stored 
in an internal 
offset 
correction 
register. 


The 
LM12L454/8's 
overall 
linearity 
correction 
is achieved 
by correcting 
the internal 
DAC's 
capacitor 
mismatch. 
Each 
capacitor 
is compared 
eight 
times 
against 
all 
remaining 
smaller 
value 
capacitors 
and 
any 
errors 
are averaged. 
A 
correction 
coefficient 
is then 
created 
and stored 
in one 
of 
the thirteen 
internal 
linearity 
correction 
registers. 
An internal 
state machine, 
using patterns 
stored 
in an internal 
16 x 8-bit 
ROM, executes 
each calibration 
algorithm. 


Once 
calibrated, 
an internal 
arithmetic 
logic unit (ALU) uses 
the offset 
correction 
coefficient 
and the 13 linearity 
correc- 
tion coefficients 
to reduce 
the conversion's 
offset 
error and 
linearity 
error, 
in the background, 
during 
the 
12-bit + sign 
conversion. 
The 
8-bit + sign 
conversion 
and 
comparison 
modes 
use 
only 
the 
offset 
coefficient. 
The 
8-bit + 
sign 
mode performs 
a conversion 
in less than half the time used 
by the 12-bit + sign conversion 
mode. 


The LM12L454/8's 
"watchdog" 
mode 
is used to monitor 
a 
single-ended 
or differential 
signal's 
amplitude. 
Each 
sam- 
pled signal 
has two limits. An interrupt 
can be generated 
if 
the input 
signal 
is above 
or below 
either 
of the two 
limits. 


This allows 
interrupts 
to be generated 
when 
analog 
voltage 
inputs are "inside 
the window" 
or, alternatively, 
"outside 
the 
window". 
After a "watchdog" 
mode interrupt, 
the processor 
can then request 
a conversion 
on the input signal 
and read 
the signal's 
magnitude. 


The analog input multiplexer 
can be configured 
for any com- 


bination 
of single-ended 
or fully differential 
operation. 
Each 
input 
is referenced 
to ground 
when 
a multiplexer 
channel 
operates 
in the single-ended 
mode. 
Fully differential 
analog 
input channels 
are formed 
by pairing 
any two channels 
to- 


gether. 


The 
LM12L454's 
multiplexer 
outputs 
and 
S/H 
inputs 
(MUXOUT +, MUXOUT - 
and S/H 
IN +, S/H 
IN -) 
provide 
the 
option 
for 
additional 
analog 
signal 
processing. 
Fixed- 
gain 
amplifiers, 
programmable-gain 
amplifiers, 
filters, 
and 
other 
processing 
circuits 
can operate 
on the signal 
applied 
to the selected 
multiplexer 
channel(s). 
If external 
process- 
ing is not used, connect 
MUXOUT + to S/H 
IN + and MUX- 
OUT- 
to S/H 
IN-. 


The 
LM12L454/8's 
internal 
S/H 
is designed 
to operate 
at 
its 
minimum 
acquisition 
time 
(1.5 
)Jos, 12 
bits) 
when 
the 
source 
impedance, 
Rs, is :5: 800 
(fCLK :5: 6 MHz). 
When 
800 
< Rs 
:5: 5.56 kO, the internal 
S/H's 
acquisition 
time 
can be increased 
to a maximum 
of 6.5 )Jos(12 bits, fCLK = 
6 MHz). See Section 
2.1 (Instruction 
RAM "00") 
Bits 12-15 
for more 
information. 


Microprocessor 
overhead 
is reduced 
through 
the use of the 
internal 
conversion 
FIFO. 
Thirty-two 
consecutive 
conver- 
sions can be completed 
and stored 
in the FIFO without 
any 
microprocessor 
intervention. 
The 
microprocessor 
can, 
at 
any time, 
interrogate 
the 
FIFO and retrieve 
its contents. 
It 
can 
also 
wait 
for 
the 
LM12L454/8 
to 
issue 
an 
interrupt 
when 
the FIFO is full or after any number 
(:5:32) of conver- 


sions have been stored. 


Conversion 
sequencing, 
internal 
timer 
interval, 
multiplexer 
configuration, 
and many other 
operations 
are programmed 
and set in the Instruction 
RAM. 


A diagnostic 
mode is available 
that allows 
verification 
of the 
LM12L458's 
operation. 
The diagnostic 
mode 
is disabled 
in 
the LM12L454. 
This mode 
internally 
connects 
the voltages 
present 
at the VREF+, 
VREF-, 
and GND pins to the internal 
VIN+ 
and VIN- 
S/H 
inputs. 
This mode 
is activated 
by set- 
ting the Diagnostic 
bit (Bit 11) in the Configuration 
register 
to 
a "1". 
More 
information 
concerning 
this mode 
of operation 
can be found 
in Section 
2.2. 


2.0 Internal User-Programmable 
Registers 


2.1 INSTRUCTION 
RAM 
The instruction RAM holds up to eight sequentially execut- 
able instructions. Each 4S-bit long instruction is divided into 
three 16-bit sections. READ and WRITE operations can be 
issued to each 16-bit section using the instruction's address 
and the 2-bit "RAM pointer" in the Configuration register. 
The eight instructions are located at addresses 0000 
through 0111 (A4-A 1, BW = 0) when using a 16-bit wide 
data bus or at addresses 00000 through 01111 (A4-AO, 
BW = 1) when using an S-bit wide data bus. They can be 
accessed and programmed in random order. 
Any Instruction RAM READ or WRITE can affect the se- 
quencer's operation: 


The Sequencer should be stopped by setting the RESET 
bit to a "1" or by resetting the START bit in the Configu- 
ration Register and waiting for the current instruction to 
finish execution before any Instruction RAM READ or 
WRITE is initiated. 
A soft RESET should be issued by writing a "1" to the 
Configuration Register's RESET bit after any READ or 
WRITE to the Instruction RAM. 


The three sections in the Instruction RAM are selected by 
the Configuration Register's 2-bit "RAM Pointer", bits DS 
and D9. The first 16-bit Instruction RAM section is selected 
with the RAM Pointer equal to "00". This section provides 
multiplexer channel selection, as well as resolution, acquisi- 
tion time, etc. The second 16-bit section holds "watchdog" 
limit # 1, its sign, and an indicator that shows that an inter- 
rupt can be generated if the input signal is greater or less 
than the programmed limit. The third 16-bit section holds 
"watchdog" 
limit #2, its sign, and an indicator that shows 


that an interrupt can be generated if the input signal is great- 
er or less than the programmed limit. 


structions, Instruction 000 is retrieved and decoded. A set 
PAUSE bit in Instruction 000 now halts the Sequencer be- 
fore the instruction is executed. 
Bits 2-4 select which of the eight input channels ("000" to 
"111" for INO-IN7) will be configured as non-inverting in- 
puts to the LM12L45S's ADC. (See Page 22, Table I.) They 
select which of the four input channels ("000" to "011" for 
INO-IN4) will be configured as non-inverting inputs to the 
LM12L454's ADC. (See Page 22, Table II.) 
Bits 5-7 select which of the seven input channels ("001" to 
"111" for IN1 to IN7) will be configured as inverting inputs to 
the LM12L45S's ADC. (See Page 22, Table I.) They select 
which of the three input channels ("001" to "011" for IN1- 
IN4) 
will 
be 
configured 
as 
inverting 
inputs 
to 
the 
LM12L454's ADC. (See Page 22, Table 11.) Fully differential 
operation is created by selecting two multiplexer channels, 
one operating in the non-inverting mode and the other oper- 
ating in the inverting mode. A code of "000" selects ground 
as the inverting input for single ended operation. 
Bit 8 is the SYNC bit. Setting Bit S to "1" causes the Se- 
quencer to suspend operation at the end of the internal 
SIH's acquisition cycle and to wait until a rising edge ap- 
pears at the SYNC pin. When a rising edge appears, the 
SIH acquires the input signal magnitude and the ADC per- 
forms a conversion on the clock's next rising edge. When 
the SYNC pin is used as an input, the Configuration regis- 
ter's "1/0 
Select" bit (Bit 7) must be set to a "0". With 


SYNC configured as an input, it is possible to synchronize 
the start of a conversion to an external event. This is useful 
in applications such as digital signal' processing (DSP) 
where the exact timing of conversions is important. 


When the LM12L454/S are used in the "watchdog" 
mode 


with external synchronization, two rising edges on the SYNC 
input are required to initiate two comparisons. The first rising 
edge initiates the comparison of the selected analog input 
signal with Limit # 1 (found in Instruction RAM "01 ") and the 
second rising edge initiates the comparison of the same 
analog input signal with Limit # 2 (found in Instruction RAM 
"10"). 
Bit 9 is the TIMER bit. When Bit 9 is set to "1", the Se- 
quencer will halt until the internal 16-bit Timer counts down 
to zero. During this time interval, no "watchdog" compari- 
sons or analog-to-digital conversions will be performed. 


Bit 10 selects the ADC conversion resolution. Setting Bit 10 
to "1" selects S-bit + sign and when reset to "0" selects 
12-bit + sign. 
Bit 11 is the "watchdog" 
comparison mode enable bit. 


When operating in the "watchdog" comparison mode, the 
selected analog input signal is compared with the program- 
mable values stored in Limit #1 and Limit #2 (see Instruc- 
tion RAM "01" and Instruction RAM "10"). Setting Bit 11 to 
"1" causes two comparisons of the selected analog input 
signal with the two stored limits. When Bit 11 is reset to "0", 
an S-bit + sign or 12-bit + sign (depending on the state of 
Bit 10 of Instruction RAM "00") conversion of the input sig- 
nal can take place. 


Instruction 
RAM "00" 
Bit 0 is the LOOP bit. It indicates the last instruction to be 
executed in any instruction sequence when it is set to a "1". 
The next instruction to be executed will be instruction O. 
Bit 1 is the PAUSE bit. This controls the Sequencer's opera- 
tion. When the PAUSE bit is set ("1"), the Sequencer will 
stop after reading the current instruction, but before execut- 
ing it and the start bit, in the Configuration register, is auto- 
matically reset to a "0". Setting the PAUSE also causes an 
interrupt to be issued. The Sequencer is restarted by placing 
a "1" in the Configuration register's Bit 0 (Start bit). 
After the Instruction RAM has been programmed and the 
RESET bit is set to "1", the Sequencer retrieves Instruction 
000, decodes it, and waits for a "1" to be placed in the 
Configuration's START bit. The START bit value of "0" 
"overrides" the action of Instruction OOO'sPAUSE bit when 
the Sequencer is started. Once started. the Sequencer exe- 
cutes Instruction 000 and retrieves, decodes, and executes 
each of the remaining instructions. No PAUSE Interrupt (INT 
5) is generated the first time the Sequencer executes In- 
struction 000 having a PAUSE bit set to "1". When the Se- 
quencer encounters a LOOP bit or completes all eight in- 
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0 
0 
0 
R/W 
Acquisition 
Watch- 
VII'j_ 
VIN+ 
Instruction RAM 
8/12 Timer Sync 
Pause 
Loop 
0 
to 
(RAM Pointer = 00) 
Time 
dog 
(MUXOUT-)' 
(MUXOUT+)' 


1 
1 
1 


0 
0 
0 
R/W 


0 
Instruction RAM 
Don't Care 
>1< 
Sign 
Limit #1 
to 


1 
1 
1 (RAM Pointer = 01) 


0 
0 
0 
Instruction RAM 
R/W 


0 
to 
Don't Care 
>1< 
Sign 
Limit #2 


1 
1 
1 (RAM Pointer = 10) 


Configuration 
R/W 
Don't Care 
DIAGt 
Test 
RAM 
1/0 
Auto 
Chan Stand- 
Full 
Auto- 
Reset 
Start 
1 
0 
0 
0 
Register 
=0 
Pointer 
Sel 
Zeroec Mask 
by 
CAL 
Zero 


R/W 
Number of Conversions 
Sequencer 
INT7 
Don't 
INT5 
INT4 
INT3 
INT2 
INTt 
INTO 


1 
0 
0 
1 
Interrupt Enable 
in Conversion FIFO 
Address to 
Care 
Register 
to Generate INT2 
Generate INT1 


Address 


R 
Actual Number of 
of 
INST7 
"0" 
INST5 INST4 INST3 INST2 INST1 INSTO 


1 
0 
1 
0 
Interrupt Status 
Conversion Results 
Sequencer 


Register 
in Conversion FIFO 
Instruction 


being 


Executed 


Timer 
R/W 
1 
0 
1 
1 
Timer Preset High Byte 
Timer Preset Low Byte 
Register 


Conversion 
R 
Address 
ISign 
Conversion 
Conversion Data: LSBs 
1 
1 
0 
0 
FIFO 
or Sign 
Data: MSBs 


Limit Status 
R 
Limit # 2: Status 
1 
1 
0 
1 
Limit # 1: Status 
Register 


'LM12L454 (Referto Table 11)_ 
tLM12L458only_Mustbe set to "0" for the LM12L454_ 


FIGURE 
9. LM12L454/8 
Memory 
Map for 16·Blt Wide Databus 
(BW = "0", Test Bit = "0" and AO = Don't Care) 
II 


2.0 Internal User-Programmable 
Registers 
(Continued) 


A4 
A3 
A2 
A1 
AO 
Purpose 
Type 
07 
06 
05 
04 
03 
02 
01 
DO 


0 
0 
0 
R/W 
VIN- 
VIN+ 
0 
to 
0 
(MUXOUT-)' 
(MUXOUT+)" 
Pause 
Loop 
1 
1 
1 
Instruction RAM 


0 
0 
0 
(RAM Pointer = 00) 
R/W 
Watch- 
0 
to 
1 
Acquisition Time 
dog 
8/12 
Timer 
Sync 
1 
1 
1 


0 
0 
0 
R/W 


0 
to 
0 
Comparison Limit # 1 
1 
1 
1 
Instruction RAM 


0 
0 
0 
(RAM Pointer = 01) 
R/W 


0 
to 
1 
Don't Care 
>/< 
Sign 
1 
1 
1 


0 
0 
0 
R/W 


0 
to 
0 
Comparison Limit #2 
1 
1 
1 
Instruction RAM 


0 
0 
0 
(RAM Pointer = 10) 
R/W 


0 
to 
1 
Don't Care 
>/< 
Sign 
1 
1 
1 


1 
0 
0 
0 
0 
R/W 
I/O I 
Auto 
I Chan 
Stand- 
Full 
Auto- 
Reset 
Start 


Configuration 
Sel 
Zerose 
Mask 
by 
Cal 
Zero 


1 
0 
0 
0 
1 
Register 
R/W 
DIAGt 
Test 
RAM Pointer 
Don't Care 
=0 


1 
0 
0 
1 
0 
R/W 
INT7j 
Don't 
IINT5 
INT4 
INT3 
INT2 
INT1 
INTO 


Interrupt Enable 
Care 


1 
0 
0 
1 
1 
Register 
R/W 
Number of Conversions in Conversion 
Sequencer Address to 
FIFO to Generate INT2 
Generate INT1 


1 
0 
1 
0 
0 
R 
INST71 
"0" 
IINST5 
INST4 
INST3 
INST2 
INST1 
INSTO 


Interrupt Status 


1 
0 
1 
0 
1 
Register 
R 
Actual Number of Conversions Results 
Address of Sequencer 
in Conversion FIFO 
Instruction 


being Executed 


1 
0 
1 
1 
0 
Timer 
R/W 
Timer Preset: Low Byte 


1 
0 
1 
1 
1 
Register 
R/W 
Timer Preset: High Byte 


1 
1 
0 
0 
0 
Conversion 
R 
Conversion Data: LSBs 


1 
1 
0 
0 
1 
FIFO 
R 
Address or Sign 
Sign 
Conversion Data: MSBs 


1 
1 
0 
1 
0 
Limit Status 
R 
Limit # 1 Status 


1 
1 
0 
1 
1 
Register 
R 
Limit # 2 Status 


'LM12L454 
(Refer 10 Table II). 


tLM12L458 
only. Must be set to "0" for the LM12L454. 


FIGURE 
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2.0 Internal User-Programmable 
Registers 
(Continued) 


Bits 12-15 are used to store the user-programmable acqui- 
limit #2 to generate an interrupt, while a "0" causes a volt- 
sition time. The Sequencer keeps the internal S/H in the 
age less than limit # 2 to generate an interrupt. 


acquisition mode for a fixed number of clock cycles (nine 
Bits 10-15 are not used. 
clock cycles, for 12-bit + sign conversions and two clock 
cycles for 8-bit + sign conversions or "watchdog" compari- 
sons) plus a variable number of clock cycles equal to twice 
the value stored in Bits 12-15. Thus, the S/H's acquisition 
time is (9 + 2D) clock cycles for 12-bit + sign conversions 
and (2 + 2D) clock cycles for 8-bit + sign conversions or 
"watchdog" 
comparisons, where D is the value stored in 


Bits 12-15. The minimum acquisition time compensates for 
the typical internal multiplexer series resistance of 2 kO, 
and any additional delay created by Bits 12-15 compen- 
sates for source resistances greater than 800. (For this ac- 
quisition time discussion, numbers in ( ) are shown for the 
LM12L454/8 operating at 6 MHz. The necessary acquisition 
time is determined by the source impedance at the multi- 
plexer input. If the source resistance (Rs) < 800 and the 
clock frequency is 6 MHz, the value stored in bits 12-15 (D) 
can be 0000. If RS > 800, the following equations deter- 
mine the value that should be stored in bits 12-15. 


D = 0.45xRsxfClK 


for 12-bits + sign 


D = 0.36 x Rs x fClK 
for 8-bits + sign and "watchdog" 


Rs is in kO and fClK is in MHz. Round the result to the nex1 
higher integer value. If D is greater than 15, it is advisable to 
lower the source impedance by using an analog buffer be- 
tween the signal source and the LM12L458's multiplexer 
inputs. The value of D can also be used to compensate for 
the settling or response time of ex1ernalprocessing circuits 
connected between the LM12L454's MUXOUT and S/H IN 
pins. 


Instruction RAM "01" 


The second Instruction RAM section is selected by placing 
a "01" in Bits 8 and 9 of the Configuration register. 
Bits 0-7 hold "watchdog"lImlt 
#1. When Bit 11 of Instruc- 


tion RAM "00" is set to a "1", the LM12L454/8 performs a 
"watchdog" comparison of the sampled analog input signal 
with the limit # 1 value first, followed by a comparison of the 
same sampled analog input signal with the value found in 
limit #2 (Instruction RAM "10"). 
Bit 8 holds limit # 1's sign. 


Bit g's state determines the Umitcondition that generates a 
"watchdog" interrupt. A "1" causes a voltage greater than 
limit # 1 to generate an interrupt, while a "0" causes a volt- 
age less than limit # 1 to generate an interrupt. 


Bits 10-15 are not used. 


Instruction RAM "10" 
The third Instruction RAM section is selected by placing a 
"10" in Bits 8 and 9 of the Configuration register. 
Bits 0-7 hold "watchdog" limit # 2. When Bit 11 of Instruc- 
tion RAM "00" is set to a "1", the LM12L454/8 performs a 
"watchdog" comparison of the sampled analog input signal 
with the limit # 1 value first (Instruction RAM "01"), followed 
by a comparison of the same sampled analog input signal 
with the value found in limit #2. 
Bit 8 holds limit # 2's sign. 
Bit g's state determines the limit condition that generates a 
"watchdog" interrupt. A "1" causes a voltage greater than 


2.2 CONFIGURATION REGISTER 
The Configuration register, 1000 (A4-A1, 
BW = 0) or 


1000x (A4-AO, BW = 1) is a 16-bit control register with 
read/write 
capability. It acts 
as the 
LM12L454's 
and 


LM12L458's "control panel" holding global information as 
well as start/stop, reset, self-calibration, and stand-by com- 
mands. 
Bit 0 is the START/STOP bit. Reading Bit 0 returns an indi- 
cation of the Sequencer's status. A "0" indicates that the 
Sequencer is stopped and waiting to execute the nex1 in- 
struction. A "1" shows that the Sequencer is running. Writ- 
ing a "0" halts the Sequencer when the current instruction 
has finished execution. The nex1instruction to be executed 
is pointed to by the instruction pointer found in the status 
register. A "1" restarts the Sequencer with the instruction 
currently pointed to by the instruction pointer. (See Bits 8- 
10 in the Interrupt Status register.) 


Bit 1 is the LM12L454/8's system RESET bit. Writing a "1" 
to Bit 1 stops the Sequencer (resetting the Configuration 
register's START/STOP bit), resets the Instruction pointer 
to "000" (found in the Interrupt Status register), clears the 
Conversion FIFO, and resets all interrupt flags. The RESET 
bit will return to "0" after two clock cycles unless it is forced 
high by writing a "1" into the Configuration register's Stand- 
by bit. A reset signal is internally generated when power is 
first applied to the part. No operation should be started until 
the RESET bit is "0". 
Writing a "1" to Bit 2 initiates an auto-zero offset voltage 
calibration. Unlike the eight-sample auto-zero calibration 
performed dUring the full calibration procedure, Bit 2 initi- 
ates a "short" auto-zero by sampling the offset once and 
creating a correction coefficient (full calibration averages 
eight samples of the converter offset voltage when creating 
a correction coefficient). If the Sequencer is running when 
Bit 2 is set to "1", an auto-zero starts immediately after the 
conclusion of the currently running instruction. Bit 2 is reset 
automatically to a "0" and an interrupt flag (Bit 3, in the 
Interrupt Status register) is set at the end of the auto-zero 
(76 clock cycles). After completion of an auto-zero calibra- 
tion, the Sequencer fetches the nex1instruction as pointed 
to by the Instruction RAM's pointer and resumes execution. 
If the Sequencer is stopped, an auto-zero is performed im- 
mediately at the time requested. 


Writing a "1" to Bit 3 initiates a complete calibration pro- 
cess that includes a "long" auto-zero offset voltage correc- 
tion (this calibration averages eight samples of the compar- 
ator offset voltage when creating a correction coefficient) 
followed by an ADC linearity calibration. This complete cali- 
bration is started after the currently running instruction is 
completed if the Sequencer is running when Bit 3 is set to 
"1". Bit 3 is reset automatically to a "0" and an interrupt flag 
(Bit 4, in the Interrupt Status register) will be generated at 
the end of the calibration procedure (4944 clock cycles). 
After completion of a full auto-zero and linearity calibration, 
the Sequencer fetches the nex1instruction as pointed to by 
the Instruction RAM's pointer and resumes execution. If the 
Sequencer is stopped, a full calibration is performed imme- 
diately at the time requested. 


• 


2.0 Internal User-Programmable 
Registers 
(Continued) 


Bit 4 is the Standby bit. Writing a "1" to Bit 4 immediately 
2.3 INTERRUPTS 
places the LM12L454/8 in Standby mode. Normal operation 
The LM12L454 and LM12L458 have eight possible inter- 
returns when Bit 4 is reset to a "0". The Standby command 
rupts, all with the same priority. Any of these interrupts will 


("1") disconnects the external clock from the internal cir- 
cause a hardware interrupt to appear on the INT pin (31) if 
cuitry, decreases the LM12L454/8's internal analog circuitry 
they are not masked (by the Interrupt Enable register). The 
power supply current, and preserves all internal RAM con- 
Interrupt Status register is then read to determine which of 
tents. 
After 
writing 
a 
"0" 
to 
the 
Standby 
bit, 
the 
the eight interrupts has been issued. 


LM12L454/8 returns to an operating state identical to that 
caused by exercising the RESET bit. A Standby completion 
interrupt is issued after a power-up completion delay that 
allows the analog circuitry to settle. The Sequencer should 
be restarted only after the Standby completion is issued. 
The Instruction RAM can still be accessed through read and 
write operations while the LM12L454/8 
are in Standby 
Mode. 
Bit 5 is the Channel Address Mask. If Bit 5 is set to a "1", 
Bits 13-15 in the conversion FIFO will be equal to the sign 
bit (Bit 12) of the conversion data. Resetting Bit 5 to a "0" 
causes conversion data Bits 13 through 15 to hold the in- 
struction pointer value of the instruction to which the con- 
version data belongs. 
Bit 6 is used to select a "short" auto-zero correction for 
every conversion. The Sequencer automatically inserts an 
auto-zero before every conversion or "watchdog" compari- 
son if Bit 6 is set to "1". No automatic correction will be 
performed if Bit 6 is reset to "0". 
The LM12L454/8's offset voltage, after calibration, has a 
typical drift of 0.1 LSB over a temperature range of -40'C 
to + 85'C. This small drift is less than the variability of the 
change in offset that can occur when using the auto-zero 
correction with each conversion. This variability is the result 
of using only one sample of the offset voltage to create a 
correction value. This variability decreases when using the 
full calibration mode because eight samples of the offset 
voltage are taken, averaged, and used to create a correc- 
tion value. 
Bit 7 is used to program the SYNC pin (29) to operate as 
either an input or an output. The SYNC pin becomes an 
output when Bit? is a "1" and an input when Bit? is a "0". 
With SYNC programmed as an input, the rising edge of any 
logic signal applied to pin 29 will start a conversion or 
"watchdog" 
comparison. Programmed as an output, the 
logic level at pin 29 will go high at the start of a conversion 
or "watchdog" 
comparison and remain high until either 
have finished. See Instruction RAM "00", Bit 8. 
Bits 8 and 9 form the RAM Pointer that is used to select 
each of a 48-bit instruction's three 16-bit sections during 
read or write actions. A "00" selects Instruction RAM sec- 
tion one, "01" selects section two, and "10" selects section 
three. 


Bit 10 activates the Test mode that is used only during pro- 
duction testing. Leave this bit reset to "0". 


Bit 11 is the Diagnostic bit and is available only in the 
LM12L458. It can be activated by setting it to a "1" (the 
Test bit must be reset to a "0"). The Diagnostic mode, 
along with a correctly chosen instruction, allows verification 
that the LM12L458's ADC is performing correctly. When ac- 
tivated, the inverting and non-inverting inputs are connected 
as shown in Table I. As an example, an instruction with 
"001" for both VIN+ and VIN- while using the Diagnostic 
mode typically results in a full·scale output. 


TABLE I. LM12L458 Input Multiplexer 
Channel Configuration 
Showing Normal 
Mode and Diagnostic Mode 


Channel 
Normal 
Diagnostic 


Selection 
Mode 
Mode 


Data 
VIN+ 
VIN- 


VIN+ 
VIN- 


000 
INO 
GND 


001 
IN1 
IN1 
VREF+ 
VREF- 


010 
IN2 
IN2 
IN2 
IN2 
011 
IN3 
IN3 
IN3 
IN3 
100 
IN4 
IN4 
IN4 
IN4 
101 
IN5 
IN5 
IN5 
IN5 
110 
IN6 
IN6 
IN6 
IN6 
111 
IN? 
IN? 
IN? 
IN? 


TABLE II. LM12L454 Input Multiplexer 
Channel Configuration 


Channel 
Selection 
MUX+ 
MUX- 


Data 


000 
INO 
GND 
001 
IN1 
IN1 
010 
IN2 
IN2 
011 
IN3 
IN3 
1XX 
OPEN 
OPEN 


The Interrupt Status register, 1010 (A4-A1, 
BW = 0) or 
1010x (A4-AO, BW = 1) must be cleared by reading it after 
writing to the Interrupt Enable register. This removes any 
spurious interrupts on the INT pin generated during an Inter- 
rupt Enable register access. 


Interrupt 0 is generated whenever the analog input voltage 
on a selected multiplexer channel crosses a limit while the 
LM12L454/8 are operating in the "watchdog" comparison 
mode. Two sequential comparisons are made when the 
LM12L454/8 are executing a "watchdog" 
instruction. De- 
pending on the logic state of Bit 9 in the Instruction RAM's 
second and third sections, an interrupt will be generated 
either when the input signal's magnitude is greater than or 
less than the programmable limits. (See the Instruction 
RAM, Bit 9 description.) The Limit Status register will indi- 
cate which preprogrammed limit, if 1 or if 2 and which in- 
struction was executing when the limit was crossed. 
Interrupt 
1 is generated when the Sequencer reaches the 
instruction counter value specified in the Interrupt Enable 
register's bits 8-10. 
This flag appears before the instruc- 
tion's execution. 
Interrupt 2 is activated when the Conversion FIFO holds a 
number of conversions equal to the programmable value 


2.0 Internal User-Programmable 
Registers 
(Continued) 


stored in the Interrupt Enable register's Bits 11-15. This 
INT 1 triggervalueto 000 does not generate an INT 1 the 
value rangesfrom 0001 to 1111 representing1 to 31 con- 
first time the Sequencerretnevesand decodes Instruction 
versions stored in the FIFO. A ~ser-programmedvalue of 
000. The Sequencergenerates INT 1 (by placing a "1" in 
0000 has no meaning.SeeSection3.0 for moreFIFOinfor- 
the InterruptStatus register's Bit 1) the second time and 
mation. 
after the SequencerencountersInstruction000. It is impor- 
The completionof the short, single-sampledauto-zerocali- 
tant to rememberthat the Sequencercontinuesto operate 
bration eneratesInterrupt 3. 
even if an InstructionInterrupt(INT.1)ISInternallyor exter- 
g 
... 
nally generated. The only mechanismsthat stop the Se- 
The completionof a full auto-zeroand hneantyself-cahbra- 
quencer are an instructionwith the PAUSEbit set to "1" 


tlon generatesInterrupt 4. 
(halts before instruction execution), placing a "0" in the 
Interrupt 5 is generatedwhen the Sequencerencounters 
Configurationregister's START bit, or placing a "1" in the 
an instructionthat has its Pausebit (Bit 1 in InstructionRAM 
Configurationregister'sRESETbit. 


"00") set to "1". 
Bits 11-15 hold the number of conversionsthat must be 
Interrupt 7 is issued after a short delay (10 ms typ) while 
storedin the ConversionFIFOin orderto generatean inter- 
the LM12L454/8returnsfrom Standbymodeto activeoper- 
nal interrupt.This internal interrupt appears in Bit 2 of the 
ation usingthe Configurationregister'sBit 4. This short de- 
InterruptStatusregister.If Bit 2 of the InterruptEnablereg- 
lay allows the internal analog circuitryto settle sufficiently, 
ister is set to "1", an externalinterruptwill appearat pin 31 
ensuringaccurateconversionresults. 
(INT). 


2.4 INTERRUPTENABLEREGISTER 
2.5 INTERRUPTSTATUSREGISTER 


The Interrupt Enable register at address location 1001 
This read-onlyregisteris locatedat address 1010 (A4-A 1, 
(A4-A1, BW = 0) or 1001x(A4-AO, BW = 1) has READ/ 
BW = 0) or 1010x (A4-AO, BW = 1). The corresponding 
WRITEcapability.An individualinterrupt'sabilityto produce 
flag in the InterruptStatusregistergoes high ("1") any time 
an externalinterruptat pin31 (INT)isaccomplishedby plac- 
that an interruptconditiontakes place,whetheran interrupt 
ing a "1" in the appropriatebit location.Any of the internal 
is enabled or disabled in the InterruptEnableregister.Any 
interrupt-producingoperations will set their corresponding 
of the active(" 1") InterruptStatusregisterflagsare resetto 
bits to "1" in the InterruptStatus registerregardlessof the 
"0" wheneverthis registeris reador a devicereset is issued 
state of the associatedbit in the Interrupt Enable register. 
(see Bit 1 in the ConfigurationRegister). 
See Section 2.3 for more information about each of the 
Bit 0 is set to "1" when a "watchdog" comparison limit 
eight internal interrupts. 
interrupthas taken place. 


Bit 0 enablesan externalinterruptwhenan internal"watch- 
Bit 1 is set to "1" when the Sequencerhas reached the 
dog" comparisonlimit interrupthas taken place. 
addressstoredin Bits 8-10 of the InterruptEnableregister. 
Bit 1 enablesan externalinterruptwhenthe Sequencerhas 
Bit 2 is set to "1" whenthe ConversionFIFO'slimit,stored 
reached the address stored in Bits 8-10 of the Interrupt 
in Bits 11-15 of the Interrupt Enable register, has been 
Enableregister. 
reached. 


Bit 2 enables an external interrupt when the Conversion 
Bit 3 is set to "1" when the single-sampledauto-zerohas 
FIFO's limit, stored in Bits 11-15 of the Interrupt Enable 
been completed. 


register,has been reached. 
Bit 4 is set to "1" when an auto-zeroand full linearityself- 
Bit 3 enablesan externalinterruptwhenthe single-sampled 
calibrationhas been completed. 


auto-zerocalibrationhas been completed. 
Bit 5 is setto "1" whena Pauseinterrupthas beengenerat- 
Bit 4 enablesan externalinterruptwhena full auto-zeroand 
ed. 


linearityself-calibrationhas been completed. 
Bit 6 is a "Don't Care". 


Bit 5 enables an external interruptwhen an internal Pause 
Bit 7 is setto "1" whenthe LM12L454/8returnfrom power- 
interrupthas been generated. 
down to active mode. 


Bit 6 is a "Don't Care". 
Bits 8-10 hold the Sequencer'sactual instructionaddress 
Bit 7 enables an external interrupt when the LM12L454/8 
while it is running. 


'returnfrom power-downto active mode. 
Bits 11-15 holdthe actual numberof conversionsstoredin 
Bits 8-10 form the storagelocationof the user-programma- 
the ConversionFIFOwhile the Sequenceris running. 


ble value against which the Sequencer'saddress is com- 
pared. When the Sequencer reaches an address that is 
equal to the value stored in Bits 8-10, an internal interrupt 
is generated and appears in Bit 1 of the Interrupt Status 
register.If Bit 1 of the InterruptEnableregisteris set to "1", 
an externalinterruptwill appearat pin 31 (INT). 
The value stored in bits 8-10 rangesfrom 000 to 111,rep- 
resenting0 to 7 instructionsstored in the InstructionRAM. 
After the Instruction RAM has been programmedand the 
RESETbit is set to "1", the Sequenceris startedby placing 
a "1" in the Configurationregister'sSTARTbit. Settingthe 


2.6 LIMIT STATUSREGISTER 
The read-onlyregister is located at address 1101 (A4-A 1, 
BW = 0) or 1101x (A4-AO, BW = 1).This registeris used 
in tandem with the Limit II 1 and Limit II 2 registersin the 
InstructionRAM.Whenevera given instruction'sinput volt- 
age exceedsthe limit set in its correspondingLimit register 
(II 1 or II2), a bit, correspondingto the instructionnumber, 
is set in the Limit Status register.Any of the active ("1") 
LimitStatusflags are reset to "0" wheneverthis registeris 


2.0 Internal User-Programmable 
Registers 
(Continued) 


read or a device 
reset is issued 
(see Bit 1 in the Configura- 
conversion 
result 
from 
the FIFO. Therefore, 
the DMA con- 
tion register). 
This register 
holds the status 
of limits 
111 and 
troller 
must be able to repeatedly 
access 
two constant 
ad- 


112 for each of the eight instructions. 
dresses 
when transferring 
data from the LM12L454/8 
to the 


Bits 
0- 7 show the Limit 
111 status. 
Each bit will be set high 
host system. 
("1") 
when the corresponding 
instruction's 
input voltage 
ex- 
ceeds 
the threshold 
stored 
in the instruction's 
Limit 
111 reg- 


ister. When, 
for example, 
instruction 
3 is a "watchdog" 
op- 


eration 
(Bit 
11 is set high) 
and the 
input 
for instruction 
3 


meets 
the magnitude 
and/or 
polarity 
data stored 
in instruc- 


tion 3's Limit 
111 register, 
Bit 3 in the 
Limit Status 
register 


will be set to a "1". 


Bits 
8-15 
show 
the 
Limit 
112 
status. 
Each 
bit will 
be set 


high ("1") 
when 
the corresponding 
instruction's 
input volt- 


age exceeds 
the threshold 
stored 
in the instruction's 
Limit 


112 register. 
When, 
for example, 
the 
input to instruction 
6 


meets 
the value 
stored 
in instruction 
6's Limit 
112 register, 
Bit 14 in the Limit Status 
register 
will be set to a "1". 


2.7 TIMER 


The 
LM12L454/8 
have 
an on-board 
16-bit 
timer 
that 
in- 


cludes 
a 5-bit pre-scaler. 
It uses the clock 
signal applied 
to 


pin 
23 
as 
its 
input. 
It can 
generate 
time 
intervals 
of 
0 


through 
221 clock 
cycles 
in steps 
of 25. This time 
interval 


can 
be used 
to delay 
the execution 
of instructions. 
It can 


also 
be used to slow 
the conversion 
rate when 
converting 


slowly 
changing 
signals. 
This can reduce 
the amount 
of re- 
dundant 
data stored 
in the FIFO and retrieved 
by the con- 
troller. 


The user-defined 
timing value used by the Timer 
is stored 
in 


the 
16-bit 
READ/WRITE 
Timer 
register 
at 
location 
1011 


(A4-A 
1, BW = 0) or 1011x 
(A4-AO, 
BW = 1) and is pre- 
loaded 
automatically. 
Bits 0-7 
hold the preset 
value's 
low 


byte and Bits 8-15 
hold the high byte. The Timer 
is activat- 
ed by the Sequencer 
only if the current 
instruction's 
Bit 9 is 


set 
("1 "). 
If 
the 
equivalent 
decimal 
value 
"N" 
(0 s N S 216 - 
1) is written 
inside the 16-bit Timer register 
and the Timer is enabled 
by setting 
an instruction's 
bit 9 to a 


"1", 
the Sequencer 
will delay the same instruction's 
execu- 


tion 
by halting 
at state 
3 (S3), as shown 
in Figure 
11, for 


32 
x 
N + 2 clock 
cycles. 


2.8DMA 


The DMA works 
in tandem 
with Interrupt 
2. An active 
DMA 
Request 
on pin 32 (DMARa) 
requires 
that 
the FIFO 
inter- 
rupt be enabled. 
The voltage 
on the DMARa 
pin goes high 


when 
the 
number 
of conversions 
in the 
FIFO 
equals 
the 


5-bit value 
stored 
in the Interrupt 
Enable 
register 
(bits 11- 


15). The voltage 
on the INT pin goes low at the same time 
as the voltage 
on the DMARa 
pin goes high. The voltage 
on 


the 
DMARa 
pin goes 
low when 
the 
FIFO 
is emptied. 
The 


Interrupt 
Status 
register 
must be read to clear the FIFO in- 


terrupt 
flag in order to enable 
the next DMA request. 


DMA 
operation 
is optimized 
through 
the 
use of the 
16-bit 


databus 
connection 
(a logic "0" 
applied 
to the BW pin). Us- 


ing this 
bus width 
allows 
DMA controllers 
that 
have 
single 


address 
Read/Write 
capability 
to easily 
unload 
the 
FIFO. 


Using 
DMA 
on an 8-bit databus 
is more 
difficult. 
Two 
read 


operations 
(low byte, high byte) are needed 
to retrieve 
each 


The result of each conversion 
stored 
in an internal 
read-only 


FIFO (First-In, 
First-Out) 
register. 
It is located 
at 1100 (A4- 


A 1, BW = 0) or 11OOx (A4-AO, 
BW = 1). This register 
has 
32 
16-bit 
wide 
locations. 
Each 
location 
holds 
13-bit 
data. 


Bits 0-3 
hold the four LSB's 
in the 12 bits + sign mode 
or 
"1110" 
in the 8 bits + sign mode. 
Bits 4-11 
hold the eight 


MSB's 
and 
Bit 12 holds 
the sign 
bit. Bits 
13-15 
can hold 
either 
the 
sign 
bit, extending 
the 
register's 
two's 
comple- 


ment data format 
to a full sixteen 
bits or the instruction 
ad- 


dress that generated 
the conversion 
and the resulting 
data. 


These 
modes 
are selected 
according 
to the 
logic 
state 
of 


the Configuration 
register's 
Bit 5. 


The FIFO status should 
be read in the Interrupt 
Status 
regis- 


ter (Bits 11 -15) 
to determine 
the number 
of conversion 
re- 


sults that are held in the FIFO before 
retrieving 
them. 
This 


will help prevent 
conversion 
data 
corruption 
that 
may take 


place if the number 
of reads are greater 
than the number 
of 


conversion 
results 
contained 
in the FIFO. Trying to read the 


FIFO when 
it is empty 
may corrupt 
new data 
being written 
into the FIFO. Writing 
more than 32 conversion 
data into the 


FIFO by the ADC results 
in loss of the first conversion 
data. 
Therefore, 
to prevent 
data loss, it is recommended 
that the 


LM12L454/8's 
interrupt 
capability 
be 
used 
to 
inform 
the 


system 
controller 
that the FIFO is full. 


The 
lower 
portion 
(AO = 0) of the 
data 
word 
(Bits 
0-7) 


should 
be read first followed 
by a read of the upper 
portion 


(AO = 1) when using the 8-bit bus width (BW = 1). Reading 
the upper 
portion 
first causes 
the data to shift down, 
which 


results 
in loss of the lower byte. 


Bits 
0-12 
hold 12-bit + sign conversion 
data. Bits 
0-3 
will 


be 111 0 (LSB) when 
using 8-bit plus sign resolution. 


Bits 
13-15 
hold 
either 
the 
instruction 
responsible 
for the 
associated 
conversion 
data 
or the sign bit. Either 
mode 
is 
selected 
with Bit 5 in the Configuration 
register. 


Using the FIFO's 
full depth 
is achieved 
as follows. 
Set the 
value of the Interrupt 
Enable 
registers's 
Bits 11-15 
to 1111 
and the Interrupt 
Enable 
register's 
Bit 2 to a "1". 
This gen- 
erates 
an external 
interrupt 
when 
the 
31 st conversion 
is 
stored 
in the FIFO. This gives the host processor 
a chance 
to send a "0" 
to the LM12L454/8's 
Start 
bit (Configuration 


register) 
and 
halt 
the 
ADC 
before 
it completes 
the 
32nd 
conversion. 
The Sequencer 
halts after the current 
(32) con- 
version 
is completed. 
The 
conversion 
data 
is then 
trans- 


ferred 
to the 
FIFO 
and 
occupies 
the 
32nd 
location. 
FIFO 
overflow 
is avoided 
if the 
Sequencer 
is halted 
before 
the 


start of the 32nd conversion 
by placing 
a "0" 
in the Start bit 
(Configuration 
register). 
It is important 
to remember 
that the 


Sequencer 
continues 
to operate 
even 
If a FIFO Interrupt 


(INT 
2) Is Internally 
or 
externally 
generated. 
The 
only 


mechanisms 
that stop the Sequencer 
are an instruction 
with 


the 
PAUSE 
bit set to "1" 
(halts 
before 
instruction 
execu- 
tion), 
placing 
a "0" 
in the 
Configuration 
register's 
START 


bit, or placing 
a "1" 
in the Configuration 
register's 
RESET 


bit. 


is reset 
to 000 during 
chip reset 
or if the current 
executed 
instruction 
has its 
Loop 
bit (Bit 
1 in any 
Instruction 
RAM 
"00") 
set high (" 1"). It increments 
at the end of the currently 
executed 
instruction 
and points to the next instruction. 
It will 
continue 
to 
increment 
up 
to 
111 
unless 
an 
instruction's 
Loop 
bit is set. If this bit is set, the counter 
resets 
to "000" 
and 
execution 
begins 
again 
with 
the first 
instruction. 
If all 
instructions 
have their 
Loop bit reset to "0", 
the Sequencer 
will execute 
all eight instructions 
continuously. 
Therefore, 
it 
is important 
to realize 
that if less than eight instructions 
are 
programmed, 
the 
Loop 
bit on the 
last 
instruction 
must 
be 
set. 
Leaving 
this 
bit reset 
to "0" 
allows 
the Sequencer 
to 
execute 
"unprogrammed" 
instructions, 
the results 
of which 
may be unpredictable. 


The 
Sequencer's 
Instruction 
Pointer 
value 
is readable 
at 
any time 
and 
is found 
in the 
Status 
register 
at Bits 8-10. 
The Sequencer 
can go through 
eight 
states 
during 
instruc- 
tion execution: 


State 
0: The 
current 
instruction's 
first 
16 bits 
are read 
from the Instruction 
RAM "00". 
This state is one clock 
cycle 
long. 


State 
1: Checks 
the state of the Calibration 
and Start bits. 
This is the "rest" 
state whenever 
the Sequencer 
is stopped 
using the reset, 
a Pause 
command, 
or the Start 
bit is reset 
low ("0"). 
When the Start bit is set to a "1", 
this state is one 
clock 
cycle 
long. 


State 
2: Perform 
calibration. 
If bit 2 or bit 6 of the Configu- 
ration register 
is set to a "1", 
state 2 is 76 clock cycles 
long. 


If the Configuration 
register's 
bit 3 is set to a "1", 
state 2 is 
4944 
clock 
cycles 
long. 


louna 
oy uSing me expression 
oelow 


32T + 2 


where 
0,;;; T,;;; 
216-1. 


State 
7: Run the 
acquisition 
delay 
and 
read 
Limit 
# 1's 
value 
if needed. 
The 
number 
of clock 
cycles 
for 
12-bit + 
sign mode varies 
according 
to 
9 + 20 


where 
0 is the user-programmable 
4-bit value 
stored 
in bits 
12-15 
of Instruction 
RAM 
"00" 
and is limited 
to 0 ,;;; 0 
,;;; 


15. 


The number 
of clock 
cycles 
for 8-bit + sign or "watchdog" 


mode varies 
according 
to 
2 + 20 


where 
0 is the user-programmable 
4-bit value stored 
in bits 
12-15 
of Instruction 
RAM 
"00" 
and is limited 
to 0 ,;;; 0 
,;;; 


15. 


State 
6: Perform 
first 
comparison. 
This 
state 
is 5 clock 
cycles 
long. 


State 
4: Read Limit 
#2. 
This state is 1 clock 
cycle 
long. 


State 
5: Perform 
a conversion 
or second 
comparison. 


This state 
takes 
44 clock 
cycles 
when 
using 
the 
12-bit + 
sign mode 
or 21 clock 
cycles 
when 
using the 8-bit + sign 
mode. 
The "watchdog" 
mode takes 
5 clock 
cycles. 


• 


I 
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5.0 Analog Considerations 


5.1 REFERENCE 
VOLTAGE 


The difference in the voltages applied to the VREF+ and 
VREF- 
defines the analog input voltage span (the differ- 
ence between the voltages applied between two multiplexer 
inputs or the voltage applied to one of the multiplexer inputs 
and analog ground), over which 4095 positive and 4096 
negative codes exist. The voltage sources driving VREF+ or 
VREF- must have very low output impedance and noise. 
The circuit in Figure 
12 is an example of a very stable refer- 


ence appropriate for use with the LM12L454/8. 
The ADC can be used in either ratiometric or absolute refer- 
ence applications. In ratiometric systems, the analog input 
voltage is proportional to the voltage used for the ADC's 
reference voltage. When this voltage is the system power 
supply, the VREF+ pin is connected to VA+ and VREF_ is 
connected to GND. This technique relaxes the system refer- 
ence stability requirements because the analog input volt- 
age and the ADC reference voltage move together. This 
maintains the same output code for given input conditions. 


For absolute accuracy, where the analog input voltage var- 
ies between very specific voltage limits, a time and tempera- 
ture stable voltage source can be connected to the refer- 
ence inputs. Typically, the reference voltage's magnitude 
will require an initial adjustment to null reference voltage 
induced full-scale errors. 


5.2 INPUT 
RANGE 


The LM12L454/8's fully differential ADC and reference volt- 
age inputs generate a two's-complement 
output that is 


found by using the equation below. 


output code = V VIN+ - ~IN- 
(4096) - V. 
(12-bit) 


REF+ - 
REF- 


output code = V VIN+ - VIN- 
(256) - V. 
(8-bit) 
REF+ - VREF- 
Round up to the next integer value between -4096 
to 4095 


for 12-bil resolution and between - 256 to 255 for 8-bit res- 
olution if the result of the above equation is not a whole 
number. As an example, VREF+ = 2.5V, VREF- = tV, 
VIN+ = 1.5V and VIN- = GND. The 12-bit + sign output 
code is positive full-scale, or 0,1111,1111,1111. If VREF+ 
= 3.3V, VREF- = tV, VIN+ = 3V, and VIN- = GND, the 
12-bit + sign output code is 0,1100,0000,0000. 


5.3 INPUT CURRENT 
A charging current flows into or out of (depending on the 
input voltage polarity) the analog input pins, INO-IN7 at the 
start of the analog input acquisition time (tACO)'This cur- 
rent's peak value will depend on the actual input voltage 
applied. 


5.4 INPUT SOURCE 
RESISTANCE 
For low impedance voltage sources « 
800 for 6 MHz oper- 


ation) the input charging current will decay, before the end 
of the s/H's acquisition time, to a value that will not intro- 
duce any conversion errors. For higher source impedances, 
the s/H's 
acquisition time can be increased. As an exam- 


ple, operating with a 6 MHz clock frequency and maximum 
acquisition time, the LM12L454/8's analog inputs can han- 
dle source impedance as high as 5.56 kO. Refer to Section 
2.1, Instruction RAM "00", Bits 12-15 for further informa- 
tion. 


5.5 INPUT BYPASS 
CAPACITANCE 
External capacitors (0.01 I-'F-0.1 I-'F)can be connected be- 
tween the analog input pins, INO-IN7, and analog ground to 
filter any noise caused by inductive pickup associated with 
long input leads. It will not degrade the conversion accura- 
cy. 


5.6 NOISE 
The leads to each of the analog multiplexer input pins 
should be kept as short as possible. This will minimize input 
noise and clock frequency coupling that can cause conver- 
sion errors. Input filtering can be used to reduce the effects 
of the noise sources. 


5.7 POWER 
SUPPLIES 


Noise spikes on the VA+ and Vo + supply lines can cause 
conversion errors; the comparator will respond to the noise. 
The ADC is especially sensitive to any power supply spikes 
that occur during the auto-zero or linearity correction. Low 
inductance tantalum capacitors of 10 I-'F or greater paral- 
leled with 0.1 I-'F monolithic ceramic capacitors are recom- • 


5.0 Analog Considerations 
(Continued) 


mended for supply bypassing. Separate bypass capacitors 
should be used for the VA+ and Vo + supplies and placed 
as close as possible to these pins. 


5.8 GROUNDING 
The LM12L454/8's 
nominal high resolution performance 


can be maximized through proper grounding techniques. 
These include the use of separate analog and digital ground 
planes. The digital ground plane is placed under all compo- 
nents that handle digital signals, while the analog ground 
plane is placed under all analog signal handling circuitry. 
The digital and analog ground planes are connected at only 
one point, the power supply ground. This greatly reduces 
the occurrence of ground loops and noise. 
It is recommended that stray capacitance between the ana- 
log inputs or outputs (LM12L454: INO-IN3, MUXOUT+, 
MUXOUT-, 
S/H 
IN+, 
S/H 
IN-; 
LM12L45S: INO-IN7, 
VREF+, and VREF-) be reduced by increasing the clear- 
ance (+ 'A.th inch) between the analog signal and refer- 
ence pins and the ground plane. 


5.9 CLOCK SIGNAL LINE ISOLATION 
The LM12L454/S's performance is optimized by routing the 
analog input! output and reference signal conductors (pins 
34-44) 
as far as possible from the conductor that carries 


the clock signal to pin 23. Ground traces parallel to the 
clock signal trace can be used on printed circuit boards to 
reduce clock signal interference on the analog input! output 
pins. 


6.0 Application 
Circuits 


6.1 PC EVALUATION/INTERFACE BOARD 


Figure 
13 is the schematic of an evaluation/interface board 


designed to interface the LM12(H)454 or LM12(H)45S with 
an XT or AT style computer. The LM12(H)454/S is the 5V 
version of the Data Acquisition System. It is functionally 
equivalent to the LM12L454/S. See the LM12(H)454/S da- 
tasheet for further information. The board can be used to 
develop both software and hardware for applications using 
the LM12L454/S. The board hardwires the BW (Bus Width) 
pin to a logic high, selecting an S-bit wide databus. There- 
fore, it is designed for an S-bit expansion slot on the com- 
puter's motherboard. 
The circuit operates on a single + 5V supply derived from 
the computer's 
+ 12V supply using an LM340 regulator. 


This greatly attenuates noise that may be present on the 
computer's power supply lines. However, your application 
may only need an LC filter. 


Figure 
13 also shows the recommended supply (VA+ and 


Vo+) 
and reference input (VREF+ and VREF-) bypassing. 
The digital and analog supply pins can be connected to- 
gether to the same supply voltage. However, they need sep- 
arate, multiple bypass capacitors. Multiple capacitors on the 
supply pins and the reference inputs ensures a low imped- 
ance bypass path over a wide frequency range. 
All digital interface control signals (lOR, lOW, and AEN), 
data lines (DBO-DB7), address lines (AO-A9), and IRO (in- 
terrupt request) lines (IR02, IR03, and IR05) connections 
are made through the motherboard slot connector. All ana- 
log signals applied to, or received by, the inpu1multiplexer 
(INO-IN7 for the LM12(H)45S and INO-IN3, MUXOUT+, 
MUXOUT-, 
S/H IN+ and S/H IN- 
for the LM12(H)454), 
VREF+, VREF-, VREFOUT,and the SYNC signal input! 


output are applied through a DB-37 connector on the rear 
side of the board. Figure 
13 shows that there are numerous 


analog ground connections available on the DB-37 connec- 
tor. 
The voltage applied to VREF_ and VREF+ is selected using 
two jumpers, JP1 and JP2. JP1 selects between the voltage 
applied to the DB-37's pin 24 or GND and applies it to the 
LM12(H)454/S's VREF- input. JP2 selects between the 
LM12(H)454/S's internal reference output, VREFOUT,and 
the voltage applied to the DB-37's pin 22 and applies it to 
the LM12(H)454/S's VREF+ input. 


TABLE III. LM12(H)454/8 Evaluation/Interface 


Board SW DIP-8 Switch Settings 


for Available I/O Memory Locations 


Hexldeclmal 
SWDlp·8 
I/O Memory 
Base Address 
SW1 
SW2 
SW3 
SW4 


(SELO) 
(SEL1) 
(SEL2) 
(SEL3) 


100 
ON 
ON 
ON 
ON 


120 
OFF 
ON 
ON 
ON 


140 
ON 
OFF 
ON 
ON 


160 
OFF 
OFF 
ON 
ON 


1S0 
ON 
ON 
OFF 
ON 


1AO 
OFF 
ON 
OFF 
ON 


1CO 
ON 
OFF 
OFF 
ON 


300 
OFF 
OFF 
OFF 
ON 


340 
ON 
ON 
ON 
OFF 


2S0 
OFF 
ON 
ON 
OFF 


2AO 
ON 
OFF 
ON 
OFF 


The board allows the use of one of three Interrupt Request 
(IRO) lines IR02, IR03, and IR05. The individual IRO line 
can be selected using switches 5, 6, and 7 of SW DIP-S. 
When using any of these three IROs, the user needs to 
ensure that there are no conflicts between the evaluation 
board and any other boards attached to the computer's 
motherboard. 
Switches 1-4, along with address lines A5-A9 are used as 
inputs to GAL16VSProgrammable Gate Array (U2). This de- 
vice forms the interface between the computer's control 
and address lines and generates the control signals used by 
the LM12(H)454/S for~, 
vm, and Fill. It also generates 


the signal that controls the data buffers. Several address 
ranges within the computer's I/O memory map are avail- 
able. Refer to Table III for the switch settings that gives the 
desired I/O memory address range. Selection of an address 
range must be done so that there are no conflicts between 
the evaluation board and any other boards attached to the 
computer's motherboard. The GAL equations are shown in 
Figure 
14. The GAL functional block diagram is shown in 


Figure 
15. 


Figures 
16-19 show the layout of each layer in the 3-layer 


evaluation/interface board plus the silk-screen layout show- 
ing parts placement. Figure 17is the top or component side, 
Figure 
18 is the middle or ground plane layer, Figure 
19 is 


the circuit side, and Figure 
16 is the parts layout. 
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Definition Of Terms 
AID Converters 


Conversion 
Time: 
The time 
required 
for a complete 
mea- 
surement 
by an analog-to-digital 
converter. 
Since 
the Con- 
version 
Time 
does 
not include 
acquisition 
time, 
multiplexer 
set 
up time, 
or other 
elements 
of a complete 
conversion 
cycle, 
the conversion 
time may be less than the Throughput 
Time. 


DC 
Common-Mode 
Error: 
This 
specification 
applies 
to 
ADCs with differential 
inputs. 
It is the change 
in the output 
code 
that 
occurs 
when 
the analog 
voltages 
on the two in- 
puts 
are changed 
by an equal 
amount. 
It is expressed 
in 
LSBs. 


Differential 
Nonlinearity 
(DNL): 
Differential 
non-linearity 
is 
a measure 
of the worst 
case deviation 
from the ideal 1 LSB 
input voltage 
span that is associated 
with each output 
code. 


Differential 
non-linearity 
may be expressed 
in fractional 
bits 
or as a percentage 
of full scale. 
A differential 
non-linearity 
greater 
than 
1 LSB will lead to missing 
codes 
in an ADC. 


Dynamic 
Specifications: 
The specifications 
of an ADC per- 
taining 
to an AC input signal. These 
include SIN ratio, SNR, 
SINAD, 
S/(N 
+ D), ENOB, 
THD, 
IMD, FPBW, and SSBW. 


Effective 
Number 
of Bits (ENOB): 
The ENOB of an ADC is 
determined 
from 
a measurement 
of its SINAD 
and the fol- 
lowing 
equation: 
ENOB = (SINAD 
- 
1.76)/6.02. 
This spec- 


ification 
combines 
the effects 
of many of the other 
dynamic 
specifications; 
errors 
resulting 
from dynamic 
differential 
and 
integral 
nonlinearity, 
missing 
codes, 
THD, and aperture 
jitter 
show 
up in ENOB. 


Full 
Power 
Bandwidth 
(FPBW): 
The 
frequency 
at which 
the SIN ratio 
has dropped 
by 3 dB (relative 
to its low fre- 
quency 
level) for an input signal that is at or near full-scale. 


This corresponds 
to a drop in ENOB 
by '12 bit relative 
to its 
low frequency 
level. 


Gain 
Error 
(Full 
Scale 
Error): 
The difference 
(usually 
ex- 
pressed 
in LSBs) 
between 
the 
input 
voltage 
that 
should 
ideally 
produce 
a full scale output 
code and the actual 
input 
voltage 
that produces 
that code. 


Gain 
Temperature 
Coefficient 
(Full 
Scale 
Temperature 
Coefficient): 
Change 
in gain 
error 
divided 
by change 
in 
temperature. 
Usually 
expressed 
in parts 
per million 
per de- 
gree Celsius 
(ppm/"C). 


Integral 
Nonlinearity 
(linearity 
Error): 
Worst 
case devia- 
tion of an ADC transfer 
function 
from 
the line between 
the 
ADC's 
measured 
endpoints 
(zero 
and 
full 
scale). 
Can 
be 
expressed 
as a percentage 
of full scale or in fractions 
of an 
LSB. This 
specification 
is commonly 
referred 
to as INL or 
ILE. 


Intermodulatlon 
Distortion 
(IMD): 
Two 
nearby 
frequency 
components 
in a signal 
will interact 
through 
the nonlineari- 
ties in an ADC to produce 
signal 
at additional 
frequencies. 


IMD is commonly 
defined 
as the ratio of the rms sum of the 
distortion 
product 
amplitudes 
to the 
rms sum of the 
input 
frequency 
amplitudes. 


LSB (Least-Significant 
Bit): 
In a binary coded 
system 
this 
is the bit that carries 
the smallest 
value 
or weight. 
its value 
is the full scale voltage 
(or current) 
divided 
by 2", where 
n is 
the resolution 
of the converter. 


Missing 
Codes: 
When an incremental 
increase 
or decrease 
in input voltage 
causes 
the converter 
to increment 
or decre- 
ment its numeric 
output 
by more than one LSB the convert- 


er is said to exhibit 
"missing 
codes". 
If there 
are missing 
codes, 
there 
are digital codes 
which 
cannot 
be reached 
by 
any input voltage 
value. 


MSB (Most 
Significant 
Bit): 
In a binary 
coded 
system 
this 
is the bit that has the largest value or weight. 
Its value is one 
half of full scale. 


Offset 
Error 
(Zero 
Error): 
This is the difference 
between 
the ideal input voltage 
('12 LSB) and the actual 
input voltage 
that is needed 
to make the transition 
from zero to 1 LSB. All 
the digital codes 
in the transfer 
curve are offset 
by the same 
value. 
Offset 
error is usually 
expressed 
in LSBs. 


Peak 
Harmonic: 
The amplitude, 
relative 
to the fundamen- 
tal, of the largest 
harmonic 
resulting 
from 
the AID 
conver- 
sion of an AC signal. 


Power 
Supply 
Sensitivity: 
The sensitivity 
of a converter 
to 
changes 
in the de power 
supply voltages. 


Quantization 
Error: 
The error 
inherent 
in all AID 
conver- 
sions. Since even an "ideal" 
converter 
has finite resolution, 


any analog 
voltage 
that falls 
between 
two adjacent 
output 
codes will result in an output code that is inaccurate 
by up to 
'12 LSB. 


Ratlometrlc 
Operation: 
Many 
AID 
applications 
require 
a 
stable 
and accurate 
reference 
voltage 
against 
which 
the in- 
put voltage 
is compared. 
This approach 
results 
in an abso- 
lute 
conversion. 
Some 
applications, 
however, 
use trans- 
ducers 
or other 
signal 
sources 
whose 
output 
voltages 
are 
proportional 
to some ex1erl')al reference. 
In these 
ratlomet- 
rlc applications, 
the reference 
for the signal 
source 
should 
be connected 
to the reference 
input of the converter. 
Thus, 
any 
variations 
in the 
source 
reference 
voltage 
will 
also 
change 
the converter 
reference 
voltage 
and produce 
an ac- 
curate 
conversion. 


Resolution: 
The smallest 
analog 
increment 
corresponding 
to a 1 LSB converter 
code 
change. 
For converters, 
resolu- 
tion is normally 
expressed 
in bits, where the number 
of digi- 
tal codes 
is equal to 2". As an example, 
a 12-bit converter 
maps the analog 
signal 
into 212 = 4096 
digital 
codes. 


Signal-to-Noise 
Ratio 
(SIN 
or SNR): The ratio of the sig- 
nal 
amplitude 
to 
the 
background 
noise 
level. 
The 
back- 
ground 
noise is determined 
by integrating 
the noise spectral 
density 
over the bandwidth 
of interest. 


SINAD 
(Signal-to-Nolse 
+ 
Distortion 
Ratio): 
Similar 
to 
the SIN ratio, the SINAD 
includes 
harmonic 
distortion 
com- 
ponents 
as part of the noise. 
(See S/(N+D) 


S/N+D 
(Slgnal-to-Nolse + Distortion Ratio): Similar to 


the SIN 
ratio. the SIN + D includes harmonic distortion 


components as part of the noise. (See SINAD) 
Small Signal Bandwidth (SSBW): The frequency at which 
the SIN ratio has dropped by 3 dB (relative to its low fre- 
quency level) for an input signal that is much smaller than 
the full-scale input (20 dB or 40 dB below full-scale. for ex- 
ample). 
Static Specifications: The specifications of an ADC per- 
taining to a DC signal input. These include gain error. offset 
error. and differential and integral linearity errors. 


Total Harmonic Distortion (THD): Due to inherent nonlin- 
earities even in an ideal ADC transfer function, ADC's will 
produce harmonics of the input signal frequency. THD is 
defined as the ratio of the rms sum of the harmonic distor- 
tion product amplitudes to the input signal amplitude. 


Throughput Rate: The maximum continuous conversion 
rate of the ADC. 


Throughput Time: The inverse of the Throughput Rate. 
Total Unadjusted Error (TUE): The maximum deviation of 
the voltage corresponding to the center of a digital code's 
associated input voltage span from the ideal case. Total 
unadjusted error includes offset error, gain error. and differ- 
ential and integral nonlinearity errors. 


• 


Part 
I/O 
Res' 
Conversion 
Accuracy 
# MUX 
S/H 
On-Board 
Supply 
Temp 
Power 
Packages 
Comments 
No. 
Type 
(Bits) 
Time (Max) 
(Max) 
Inputs 
Reference 
Voltage 
Range 
(mWMax) 


ADC0801 
Parallel 
8 
110/LS 
± Y. LSB 
1 
N 
N 
+SV 
I,M 
9mW 
J, N 
Differential Input 


ADC0802 
Parallel 
8 
110/LS 
±%LSB 
1 
N 
N 
+SV 
C,I,M 
9mW 
J, N, M, V 
Differential Input 


ADC0803 
Parallel 
8 
110/Ls 
±% 
LSB 
1 
N 
N 
+SV 
C,I,M 
9mW 
J, N,M, V 
Differential Input 


ADC0804 
Parallel 
8 
110/Ls 
±1 LSB 
1 
N 
N 
+SV 
C,I 
12.SmW 
J, N, M, V 
Differential Input 


ADC080S 
Parallel 
8 
110/Ls 
±1 LSB 
1 
N 
N 
+SV 
I 
9mW 
N 
Ratiometric Operation 


ADC0808 
Parallel 
8 
100/Ls 
±'12 LSB 
8 
N 
N 
+SV 
I,M 
lSmW 
J, N, V 


ADC0809 
Parallel 
8 
100/Ls 
±1 LSB 
8 
N 
N 
+SV 
I 
lSmW 
N,V 


ADC0816 
Parallel 
8 
1(') 
/Ls 
±% 
LSB 
16 
N 
N 
+SV 
I 
lSmW 
J, N 


ADC0817 
Parallel 
8 
100/Ls 
±1 LSB 
16 
N 
N 
+SV 
I 
lSmW 
N 


ADC0800 
Parallel 
8 
SO/Ls 
±2 LSB 
1 
N 
N 
+SV, -12V 
C,M 
100mW 
J 


ADC0841B 
Parallel 
8 
40/LS 
±'12 LSB 
1 
N 
N 
+SV 
C, I 
13mW 
N,V 


ADC0841C 
Parallel 
8 
40/LS 
±1 LSB 
1 
N 
N 
+SV 
C,I 
13mW 
N,V 


ADC0844B 
Parallel 
8 
40/LS 
±'12 LSB 
.4 
N 
N 
+SV 
C,I 
13mW 
J, N 


ADC0844C 
Parallel 
8 
40/LS 
±1 LSB 
4 
N 
N 
+SV 
C,I 
13mW 
J, N 


ADC0848B 
Parallel 
8 
40/Ls 
±% 
LSB 
8 
N 
N 
+SV 
C,I 
13mW 
J, N, V 


ADC0848C 
Parallel 
8 
40/Ls 
±1 LSB 
8 
N 
N 
+SV 
C,I 
13mW 
J, N, V 


ADC08llB 
Serial 
8 
32/Ls 
±%LSB 
11 
N 
N 
+SV 
I,C 
lSmW 
N,V 


ADC08llC 
Serial 
8 
32/Ls 
±1 LSB 
11 
N 
N 
+SV 
I,C 
lSmW 
J, N, V 


ADC0831B 
Serial 
8 
32/Ls 
±% 
LSB 
1 
N 
N 
+SV 
C 
lSmW 
J, N 


ADC0831C 
Serial 
8 
32/LS 
±1 LSB 
1 
N 
N 
+SV 
C,I 
lSmW 
J, N,M 


ADC0832B 
Serial 
8 
32/LS 
±% 
LSB 
2 
N 
N 
+SV 
C,I 
32mW 
N,M 


ADC0832C 
Serial 
8 
32/Ls 
±1 LSB 
2 
N 
N 
+SV 
C,I 
32mW 
N,M 


ADC0833B 
Serial 
8 
32/Ls 
±%LSB 
4 
N 
N 
+SV 
C 
lSmW 
N 


ADC0833C 
Serial 
8 
32/Ls 
±1 LSB 
4 
N 
N 
+SV 
C,I 
lSmW 
J, N 


ADC0834B 
Serial 
8 
32/Ls 
±%LSB 
4 
N 
N 
+SV 
C 
lSmW 
N 


ADC0834C 
Serial 
8 
32/Ls 
±1 LSB 
4 
N 
N 
+SV 
C,I 
lSmW 
J,N, M 


ADC0838B 
Serial 
8 
32/Ls 
±'12 LSB 
8 
N 
N 
+SV 
C,I 
lSmW 
J, N, V 


ADC0838C 
Serial 
8 
32/Ls 
±1 LSB 
8 
N 
N 
+SV 
C,I 
lSmW 
J, N,M, V 


ADC0819B 
Serial 
8 
16/Ls 
±% 
LSB 
19 
N 
N 
+SV 
C 
lSmW 
N,V 


ADC0819C 
Serial 
8 
16/Ls 
±1 LSB 
19 
N 
N 
+SV 
C,I 
lSmW 
N,V 


ADC08031B 
Serial 
8 
8/Ls 
±% 
LSB 
1 
Y 
Y 
+SV 
I 
20mW 
N,M 


Package Codes: 
J 
H 
N 
M 


PLCC 
SSOP 
PQFP 


O'Cto +70'C 


-2S'C 
to +8S'C 
or -40'C 
to +8S'C 


-SS'C 
to + 12S'C 


Cerdip 
Metal Can 
Plastic Dip 
Small Outline 
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Part 
I/O 
Res' 
Conversion 
Accuracy 
# MUX S/H 
On-Board 
Supply 
Temp 
Power 
Packages 
Comments 
No. 
Type 
(Bits) 
Time (Max) 
(Max) 
Inputs 
Reference 
Voltage 
Range (mWMax) 


ADC08031C 
Serial 
8 
8/Ls 
±1 LSB 
1 
Y 
Y 
+SV 
C,I,M 
20mW 
J,N, M 


ADC08032B 
Serial 
8 
8/Ls 
±%LSB 
2 
Y 
Y 
+SV 
I 
20mW 
N,M 


ADC08032C 
Serial 
8 
8/Ls 
±1 LSB 
2 
Y 
Y 
+SV 
I 
20mW 
N,M 


ADC08034B 
Serial 
8 
8/Ls 
±%LSB 
4 
Y 
Y 
+SV 
I 
20mW 
N,M 
- 


ADC08034C 
Serial 
8 
8/Ls 
±1 LSB 
4 
Y 
Y 
+SV 
I 
20mW 
N,M 


ADC08038B 
Serial 
8 
8/Ls 
±% 
LSB 
8 
Y 
Y 
+SV 
I 
20mW 
N,M 


ADC08038C 
Serial 
8 
8/Ls 
±1 LSB 
8 
Y 
Y 
+SV 
I,M 
20mW 
J,N,M 


ADC08131B 
Serial 
8 
8/Ls 
±%LSB 
1 
Y 
Y 
+SV 
I 
20mW 
N 
Guaranteed Reference O/P 


ADC08131C 
Serial 
8 
8/LS 
±1 LSB 
1 
Y 
y 
+SV 
I 
20mW 
N 
Guaranteed Reference O/P 


ADC08134B 
Serial 
8 
8/LS 
±%LSB 
4 
Y 
Y 
+SV 
I 
20mW 
N,M 
Guaranteed Reference O/P 


ADC08134C 
Serial 
8 
8/LS 
±1 LSB 
4 
Y 
Y 
+SV 
I 
20mW 
N,M 
Guaranteed Reference O/P 


ADC08138B 
Serial 
8 
8/Ls 
±%LSB 
8 
Y 
Y 
+SV 
I 
20mW 
N,M 
Guaranteed Reference O/P 


ADC08138C 
Serial 
8 
8/Ls 
±1 LSB 
8 
Y 
Y 
+SV 
I 
20mW 
N,M 
Guaranteed Reference O/P 


ADC08231B 
Serial 
8 
2/Ls 
±%LSB 
8 
Y 
Y 
+SV 
I 
20mW 
N,M 


ADC08231C 
Serial 
8 
2/Ls 
±1 LSB 
8 
Y 
Y 
+SV 
I 
20mW 
N,M 


ADC08234B 
Serial 
8 
2/Ls 
±%LSB 
8 
Y 
Y 
+SV 
I 
20mW 
N,M 


ADC08234C 
Serial 
8 
2/LS 
±1 LSB 
8 
Y 
Y 
+SV 
I 
20mW 
N,M 
., 


ADC08238B 
Serial 
8 
2/Ls 
±%LSB 
8 
Y 
Y 
+SV 
I 
20mW 
N,M 


ADC08238C 
Serial 
8 
2/Ls 
±1 LSB 
8 
Y 
Y 
+SV 
I,M 
20mW 
J,N,M 
" c, 


ADC0820B 
Parallel 
8 
1.2/Ls 
±%LSB 
1 
Y 
N 
+SV 
C,I 
7SmW 
N,M,V 


ADC0820C 
Parallel 
8 
1.2/Ls 
±1 LSB 
1 
Y 
N 
+SV 
C,I 
7SmW 
J, N, M, V, MS 


ADC08061B 
Parallel 
8 
560 ns 
±% 
LSB 
1 
Y 
N 
+SV 
I 
100mW 
N,M 
High Speed Upgrade for ADC0820 


ADC08061C 
Parallel 
8 
560 ns 
±1 LSB 
1 
Y 
N 
+SV 
I,M 
100mW 
J,N,M 
High Speed Upgrade for ADC0820 


ADC08062B 
Parallel 
8 
560 ns 
±% 
LSB 
2 
Y 
N 
+SV 
I 
100mW 
N,M 


ADC08062C 
Parallel 
8 
560 ns 
±1 LSB 
2 
Y 
N 
+SV 
I 
100mW 
N,M 


ADC08161B 
Parallel 
8 
560 ns 
±% 
LSB 
1 
Y 
N 
+SV 
I 
100mW 
N,M 
ADC08061 with On-Board Reference 


ADC08161C 
Parallel 
8 
560 ns 
±1 LSB 
1 
Y 
N 
+SV 
I 
100mW 
N,M 
ADC08061 with On-Board Reference 


ADC1021C 
Parallel 
10 
200/Ls 
±1 LSB 
1 
N 
N 
+SV 
C,I 
2SmW 
J, V 


ADC1001 
Byte-Wide 
10 
SO/LS 
±1 LSB 
1 
N 
N 
+SV 
C,I 
2SmW 
J 
r. 


ADC100SB 
Byte-Wide 
10 
SO/Ls 
±% 
LSB 
1 
N 
N 
+SV 
C,I 
1SmW 
J 
, 


ADC100SC 
Byte-Wide 
10 
SO/LS 
±1 LSB 
1 
N 
N 
+SV 
C,I 
1SmW 
J, V 


Package Codes: 
J 
H 
N 
M 


Cerdip 
Metal Can 
Plastic Dip 


Small Outline 


PLCC 
SSOP 
PQFP 


O·Cto +70·C 
- 2S·C to + 8S·C 
or - 40·C to + 8S·C 


- SS·C to + 12S·C 
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Part 
110 
Res' 
Conversion 
Accuracy 
•••MUX S/H 
On-Board 
Supply 
Temp 
Power 
Packages 
Comments 
No. 
Type 
(Bits) 
Time (Max) 
(Max) 
Inputs 
Reference 
Voltage 
Range (mWMax) 
» 
•..... 


ADC1031 
Serial 
10 
13.7,.s 
±1 LSB 
1 
Y 
N 
+5V 
I 
15mW 
N 
C 
ADC1034 
Serial 
10 
13.7,.s 
±1 LSB 
4 
Y 
N 
+5V 
I,M 
15mW 
J,N, M 
0 
ADC1038 
Serial 
10 
13.7,.s 
±1 LSB 
8 
Y 
N 
+5V 
I,M 
15mW 
J,N, M 
0~ 
ADC1061 
Parallel 
10 
1.8,.s 
±2 LSB 
1 
Y 
N 
+5V 
I,M 
235mW 
J,N, M 
< 


ADC10061 
1 MS/s Throughput 
(1) 
Parallel 
10 
900 ns 
±1 LSB 
1 
Y 
N 
+5V 
I,M 
235mW 
J,N,M 
...- 
ADC10062 
Parallel 
10 
900 ns 
±1 LSB 
2 
Y 
N 
+5V 
I,M 
235mW 
J,N, M 
1 MS/s Throughput 
(1)... 
ADC10064 
Parallel 
10 
900 ns 
±1 LSB 
4 
Y 
N 
+5V 
I,M 
235 mW 
J,N, M 
1 MS/s Throughput 
en 
ADC10461 
Parallel 
10 
900 ns 
±1 LSB 
1 
Y 
N 
+5V 
I 
235mW 
N,M 
AC Tested Version of ADC10061 
(1) 


ADC10462 
Parallel 
10 
900 ns 
±1 LSB 
2 
Y 
N 
+5V 
I 
235mW 
N,M 
AC Tested Version of ADC10062 
CDn- 
ADC10464 
Parallel 
10 
900 ns 
±1 LSB 
4 
Y 
N 
+5V 
I 
235mW 
N,M 
AC Tested Version of ADC10064 
O· 
ADC10664 
Parallel 
10 
466 ns 
± 1.5 LSB 
4 
Y 
N 
+5V 
I 
235mW 
N,M 
AC Tested, 2 MS/s Throughput 
~ 


ADC10662 
Parallel 
10 
466 ns 
±1.5 LSB 
2 
Y 
N 
+5V 
I 
235mW 
N,M 
AC Tested, 2 MS/s Throughput 
G) 


ADC10731 
Serial 
10 + Sign 
±1 LSB 
Y 
Y 
+5V 
I 
37mW 
N,M 
Software Power-Down to 18 ,.W 
C 
5,.s 
1 
a: 
ADC10732 
Serial 
10 + Sign 
5,.s 
±1 LSB 
2 
Y 
Y 
+5V 
I 
37mW 
N,M 
Software Power-Down to 18,.W 
(1) 


ADC10734 
Serial 
10 + Sign 
5,.s 
±1 LSB 
4 
Y 
Y 
+5V 
I 
37mW 
N,M 
Software Power-Down to 18 ,.W 
'0 
0 
ADC10738 
Serial 
10 + Sign 
5,.s 
±1 LSB 
8 
Y 
Y 
+5V 
I 
37mW 
N,M 
Software Power-Down to 18 ,.W 
:Jg 
ADC10831 
Serial 
10 + Sign 
5,.s 
±1 LSB 
1 
Y 
Y 
±5V 
I 
59mW 
N,M 
Software Power-Down to 33 ,.W 
c 
CD 


ADC10832 
Serial 
10 + Sign 
5,.s 
±1 LSB 
2 
Y 
Y 
±5V 
I 
59mW 
N,M 
Software Power-Down to 33 ,.W 


.90 


ADC10834 
Serial 
10 + Sign 
5,.s 
±1 LSB 
4 
Y 
Y 
±5V 
I 
59mW 
N,M 
Software Power-Down to 33 ,.W 


ADC10838 
Serial 
10 + Sign 
5,.s 
±1 LSB 
8 
Y 
Y 
±5V 
I 
59mW 
N,M 
Software Power-Down to 33 ,.W 


ADC10154 
Byte-Wide 
10 + Sign 
4.4 ,.s 
±1 LSB 
4 
Y 
y 
+5V, 
±5V 
I 
33mW 
N,M 


ADC10158 
Byte-Wide 
10 + Sign 
4.4 ,.s 
±1 LSB 
8 
Y 
Y 
+5V, 
±5V 
I 
33mW 
N,M 


ADC12062B 
Parallel 
12 
980 ns 
±1 LSB 
2 
Y 
N 
+5V 
I 
75mW 
V,VF 
- 


ADC12062C 
Parallel 
12 
980 ns 
±l'!2LSB 
2 
y 
N 
+5V 
I 
75mW 
V, VF 


ADC12662 
Parallel 
12 
660 ns 
±l'!2LSB 
2 
Y 
N 
+5V 
I 
200mW 
V,VF 


ADC1205C 
Parallel 
12 + Sign 
100,.s 
±1 LSB 
1 
N 
N 
+5V, 
±5V 
C,I 
235mW 
J 


ADC1225 
Parallel 
12 + Sign 
100 ,.s 
±1 LSB 
1 
N 
N 
+5V, 
±5V 
C,I 
235mW 
J 


ADC1241B 
Parallel 
12 + Sign 
13.8,.s 
±'!2LSB 
1 
Y 
N 
+5V, 
±5V 
I 
70mW 
J 
Self Calibrating 


ADC1241C 
Parallel 
12 + Sign 
13.8,.s 
±1 LSB 
1 
Y 
N 
+5V, 
±5V 
I,M 
70mW 
J 
Self Calibrating 


ADC12441 
Parallel 
12 + Sign 
13.8,.s 
±1 LSB 
1 
Y 
N 
+5V, 
±5V 
I 
70mW 
J 
ACTested 


ADC12030 
Serial 
12 + Sign 
8.8,.s 
±1 LSB 
2 
Y 
N 
+5V 
I 
33mW 
N,M 
Software Power-Down to 1OO,.W 


Package Codes: 
J 
Gerdip 
V 
PLCC 
Temperatures: 
C 
O'Cto +70'C 


H 
Metal Can 
MS 
SSOP 
I 
- 25'C to + 85'C 


N 
PlaslicDip 
VF 
POFP 
or -40'Cto 
+ 85'C 
M Small Outline 
M 
- 55'C to + 125'C 


Part 
1/0 
Res' 
Conversion 
Accuracy 
•••MUX SIH On-Board 
Supply 
Temp 
Power 
Packages 
Comments 
No. 
Type 
(Bits) 
Time (Max) 
(Max) 
Inputs 
Reference 
Voltage 
Range (mWMax) 
» 


Software Power-Down to 100 fLW 
..••.. 


ADC12032 
Serial 
12 + Sign 
8.8 fLs 
±1 LSB 
2 
Y 
N 
+5V 
I 
33mW 
N,M 
C 
ADC12034 
Serial 
12 + Sign 
8.8 fLs 
±1 LSB 
4 
Y 
N 
+5V 
I 
33mW 
N,M 
Software Power-Down to 100 fLW 
0 
ADC12038 
Serial 
12 + Sign 
8.8 fLs 
±1 LSB 
8 
Y 
N 
+5V 
I 
33mW 
N,M 
Software Power-Down to 100 fLW 
0:;, 
ADC12L030 
Serial 
12 + Sign 
8.8 fLs 
±1 LSB 
2 
Y 
N 
+5V 
I 
15mW 
N,M 
3V Guaranteed Operation 
< 


ADC12L032 
Serial 
12 + Sign 
3V Guaranteed Operation 
CD 
8.8 fLs 
±1 LSB 
2 
Y 
N 
+5V 
I 
15mW 
N,M 
~- 
ADC12L034 
Serial 
12 + Sign 
8.8 fLs 
±1 LSB 
4 
Y 
N 
+5V 
I 
15mW 
N,M 
3V Guaranteed Operation 
CD~ 
ADC12L038 
Serial 
12 + Sign 
8.8 fLs 
±1 LSB 
8 
Y 
N 
+5V 
I 
15mW 
N,M 
3V Guaranteed Operation 
en 


ADC1251B 
Byte-Wide 12 + Sign 
7.7 fLs 
±Y.LSB 
1 
Y 
N 
+5V, 
±5V 
I 
113mW 
J 
Self Calibrating 
CD 


ADC1251C 
Byte-Wide 12 + Sign 
7.7 fLs 
±1 LSB 
1 
Y 
N 
+5V, 
±5V 
I,M 
113mW 
J 
Self Calibrating 
CDn 
12 + Sign 
- 
ADC12451 
Byte-Wide 
7.7 fLs 
±1 LSB 
1 
Y 
N 
+5V, 
±5V 
I 
113mW 
J 
AC Tested 
O· 
ADC12H030 
Serial 
12 + Sign 
5.5 fLs 
±1 LSB 
2 
Y 
N 
+5V 
I 
36mW 
N,M 
Software Power-Down to 100 fL"" 
:;, 


ADC12H032 
Serial 
12 + Sign 
5.5 fLs 
±1 LSB 
2 
Y 
N 
+5V 
I 
36mW 
N,M 
Software Power-Down to 100 fL"" 
C) 


ADC12H034 
Serial 
12 + Sign 
5.5 fLs 
±1 LSB 
4 
Y 
N 
+5V 
I 
36mW 
N,M 
Software Power-Down to 100 fL"" 
c:c: 
ADC12H038 
Serial 
12 + Sign 
5.5 fLs 
±1 LSB 
8 
Y 
N 
+5V 
I 
36mW 
N,M 
Software Power-Down to 100 fL"" 
CD 


ADC16071 
Serial 
16 
192 kS/s 
SINAD: 72 dB 
1 
Y 
N 
+5V 
I 
500 mW 
N,M 
Delta Sigma Architecture 
0 
0 
ADC16471 
Serial 
16 
192 kS/s 
SINAD:72dB 
1 
Y 
Y 
+5V 
I 
500mW 
N,M 
Delta Sigma Architecture 
:Jg 
LM131 
Frequency 
V-F 
N/A 
0.01% 
1 
N/A 
N 
+5Vto 
+40V 
C,I,M 
30mW 
N,M,H 
V to F Converter, 100 kHz Max 
c: 
Cl> 
So 


Package Codes: 
J 
Cerdip 
V 
PLCC 
Temperatures: 
C 
O·Cto +70·C 


H 
Metal Can 
MS 
SSOP 
I 
-25·C 
to +85·C 
N 
Plastic Dip 
VF 
PQFP 
or -40·Cto 
+85·C 
M Small Outline 
M 
-55·C 
to + 125·C 


II 


oo 
~ f}1National 
Semiconductor 


General Description 


The ADC0800 
is an 8-bit monolithic 
AID 
converter 
using P- 


channel 
ion-implanted 
MOS technology. 
It contains 
a high 


input impedance 
comparator, 
256 series 
resistors 
and ana- 


log switches, 
control 
logic and output 
latches. 
Conversion 
is 


performed 
using 
a 
successive 
approximation 
technique 


where 
the unknown 
analog 
voltage 
is compared 
to the re- 


sistor 
tie points 
using analog 
switches. 
When 
the appropri- 


ate tie point voltage 
matches 
the unknown 
voltage, 
conver- 
sion 
is complete 
and 
the 
digital 
outputs 
contain 
an 8-bit 


complementary 
binary word corresponding 
to the unknown. 
The binary output 
is TRI-STATE@ 
to permit bussing 
on com- 


mon data lines. 


The ADC0800PD 
is specified 
over 
- 55'C 
to + 125'C 
and 


the ADC0800PCD 
is specified 
over O'C to 70'C. 


Features 


• 
Low cost 
• 
±5V, 
10V input ranges 


• 
No missing 
codes 


• 
Ratiometric 
conversion 


• 
TRI-STATE 
outputs 


• 
Fast 
• 
Contains 
output 
latches 


• 
TTL compatible 


• 
Supply 
voltages 


• 
Resolution 


• 
Linearity 


• 
Conversion 
speed 


• 
Clock 
range 


5 Voc 
and 
-12 
Voc 


8 bits 
±1 LSB 


40 clock 
periods 


50 to 800 kHz 


R·NETWORK 
TOP 


15 
,- 
I 
I 


1 
I 


1 
I 
I 
I 
I 
I 
I 
L 


~~"'~;1d- 


1 
ANALOG 
I 
SWITCHES 
...J _ 


VIN 
ANALOG 
INPUT 


Vss 
(PMOS 
BOOYI 


10 
11 
CLOCK 
I 
I 


16 
START 
CONVERSION 


SelECTION 
AND 
CONTROL 
LOGIC 


END OF 
CONVERSION 
(EoC) 


..J 


4 
3 
2 
1 
17 16 
14 
13 


MSB 
LSB 


COMPLEMENTARY 
DIGITAL OUTPUT 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Power Dissipation 
(Note 3) 
87SmW 


please 
contact 
the 
National 
Semiconductor 
Sales 
ESD Susceptibility 
(Note 4) 
SOOV 
Office/Distributors 
for 
availability 
and specifications. 
Storage 
Temperature 
1S0°C 
Supply Voltage 
(Voo) 
Vss-22V 
Lead Temperature 
(Soldering, 
10 sec.) 
300"C 
Supply Voltage 
(VGG) 
Vss-22V 


Voltage 
at Any Input 
VsS+0.3Vto 
Vss-22V 
Operating Ratings 
(Note 1) 


Input Current 
at Any Pin (Note 2) 
SmA 
Temperature 
Range 
TMIN S; TA S; TMAX 


Package 
Input Current 
(Note 2) 
20mA 
ADC0800PD 
-SsoC 
S; TA S; + 12SoC 


ADC0800PCD 
O°C S; TA S; + 70"C 
Electrical Characteristics 


These 
specifications 
apply for Vss=S.O 
Voc, 
VGG;" 
-12.0 
Voc. 
Voo=O 
Voc, 
a reference 
voltage 
of 10.000 
Voc 
across 
the 
on-ehip 
R-network 
(VR-NETWORK TOP=S,OOO Voc 
and VR-NETWORK BOnOM= 
-S.OOO Voc). 
and a clock 
frequency 
of 800 
kHz. 
For all tests, 
a 47So. resistor 
is used from 
pin S to VR-NETWORK BonOM 
= 
-S 
Voc. 
Unless 
otherwise 
noted, 
these 
specifications 
apply 
over an ambient 
temperature 
range 
of - SsoC to + 12SoC for the ADC0800PD 
and O"C to 
+ 70"C for the 
ADC0800PCD. 


Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Non-Linearity 
TA = 2SoC, (Note 8) 
±1 
LSB 


Over Temperature, 
(Note 8) 
±2 
LSB 


Differential 
Non- Linearity 
±% 
LSB 


Zero Error 
±2 
LSB 


Zero Error Temperature 
Coefficient 
(Note 9) 
0.01 
%rC 


Full-Scale 
Error 
±2 
LSB 


Full-Scale 
Error Temperature 
Coefficient 
(Note 9) 
0.01 
%rC 


Input Leakage 
1 
p.A 


Logical 
"1" 
InpU1 Voltage 
All Inputs 
Vss-1.0 
Vss 
V 


Logical 
"0" 
Input Voltage 
All Inputs 
VGG 
Vss-4.2 
V 


Logical 
Input Leakage 
TA = 2SoC. All Inputs, VIL = 
1 
p.A 


Vss-10V 


Logical 
"1" 
Output 
Voltage 
All Outputs, 
IOH= 100 p.A 
2.4 
V 


Logical 
"0" 
Output 
Voltage 
All Outputs, 
IOL= 1.6 mA 
0.4 
V 


Disabled 
Output 
Leakage 
TA = 2SoC, All Outputs. 
VOL = 
2 
p.A 


Vss@10V 


Clock 
Frequency 
O"CS;TAS; + 70"C 
SO 
800 
kHz 
-SsoCS;TAS; 
+ 12SoC 
100 
SOO 
kHz 


Clock 
Pulse Duty Cycle 
40 
60 
% 


TRI-STATE 
Enable/Disable 
Time 
1 
P.s 


Start Conversion 
Pulse 
(Note 10) 
1 
3% 
Clock 
Periods 


Power Supply Current 
TA=2SoC 
20 
mA 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specified operating 
conditions. 
Note 2:Whenthe inputvoltage(VIN) at anypinexceedsthe powersupplyrails (VIN < Y- or YIN > Y+) the absolutevalueof currentat that pinshouldbe Iimrted 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries 
with a 5 mA current limit to four. 


Note 3: The maximum power dissipation must be derated at elevated temperatures 
and is dictated by TJMAX. 8JA. and the ambient temperature, 
TA. The maximum 
allowable 
power dissipatton 
at any temperature 
is Po = (TJMAX - 
TJJ/8JA or the number given in the Absolute 
Maximum Ratings, whichever 
is lower. For this 
device,TJMAX- 
12SOC,andthe typicaljunction-to-ambientthermalresistanceof the ADCOBOOPO 
and ADC08ooPCOwhenboardmountedis WC/W. 


Note 4: Humanbody model.100pF dischargedthrougha 1.5 kG resistor. 
Note 5: Typicalsare at 25·Cand representmost likelyparametricnorm. 
Note 6: Testedlimitsare guaranteedto National'sAOOL(AverageOutgoingQualrtyLevel). 
Note 7: Designlimrtsare guaranteedbut not 100% tested.TheseIimrtsare not usedto calculateoutgoingqualrtylevels. 


Note I: Non-linearity 
specifications 
are based on best straight line. 
Note I: Guaranteedby designonly. 


Note 10: Start conversion 
pulse duration greater than 3V, clock periods will cause conversion 
errors. 


+iVJlJlJU 
ov 
' 
+iV-n, 
OV-.J 
L-- ..,---------------- 
+iV, 
•• 
\~.----40X 
11/f1-----J 


. 
l? 
• 


OV 
- 
- 
- 
- 
- 
Ii'ATsrArEi 
- 
- 
- 
- 
~ 


ENABLE 
DElAY- 


Application 
Hints 


OPERATION 
The ADC0800 contains a network with 256-300.0 resistors 
in series. Analog switch taps are made at the junction of 
each resistor and at each end of the network. In operation, 
a reference (10.00V) is applied across this network of 256 
resistors. An analog input (VIN)is first compared to the cen- 
ter point of the ladder via the appropriate switch. If VIN is 
larger than VREF/2, the internal logic changes the switch 
points and now compares VIN and % VREF.This process, 
known as successive approximation, continues until the 
best match of VIN and VREF/N is made. N now defines a 
specific tap on the resistor network. When the conversion is 
complete, the logic loads a binary word corresponding to 
this tap into the output latch and an end of conversion 
(EOG) logic level appears. The output latches hold this data 
valid until a new conversion is completed and new data is 
loaded into the latches. The data transfer occurs in about 
200 ns so that valid data is present virtually all the time in 
the latches. The data outputs are activated when the Output 
Enable is high, and in TRI-STATE when Output Enable is 
low. The Enable Delay time is approximately 200 ns. Each 
conversion requires 40 clock periods. The device may be 
operated in the free running mode by connecting the Start 
Conversion line to the End of Conversion line. However, to 
ensure start-up under all possible conditions, an external 
Start Conversion pulse is required during power up condi- 
tions. 


REFERENCE 
The reference applied across the 256 resistor network de- 
termines the analog input range. VREF= 10.00V with the top 
of the R-network connected to 5V and the bottom connect- 
ed to - 5V gives a ± 5V range. The reference can be level 
shifted between Vss and VGG. However, the voltage, ap- 
plied to the top of the R-network (pin 15), must not exceed 
Vss, to prevent forward biasing the on-chip parasitic silicon 
diodes that exist between the P-diffused resistors (pin 15) 
and the N-type body (pin 10, Vss). Use of a standard logic 
power supply for Vss can cause problems, both due to initial 
voltage tolerance and changes over temperature. A solution 
is to power the Vss line (15 mA max drain) from the output 
of the 
op amp that 
is used to bias the top of the 


R-network (pin 15). The analog input voltage and the volt- 
age that is applied to the bottom of the R-network (pin 5) 
must be at least 7V above the -VGG supply voltage to 
ensure adequate voltage drive to the analog switches. 
Other reference voltages may be used (such as 10.24V). If a 
5V reference is used, the analog range will be 5V and accu- 
racy will be reduced by a factor of 2. Thus, for maximum 
accuracy, it is desirable to operate with at least a 10V refer- 
ence. For TIL logic levels, this requires 5V and - 5V for the 
R-network. CMOS can operate at the 10 Voc VSSlevel and 
a single 10 VOCreference can be used. All digital voltage 
levels for both inputs and outputs will be from ground to 
Vss· 


ANALOG 
INPUT AND SOURCE 
RESISTANCE 
CONSIDERATIONS 
The lead to the analog input (pin 12) should be kept as short 
as possible. Both noise and digital clock coupling to this 
input can cause conversion errors. To minimize any input 
errors, the 
following 
source 
resistance 
considerations 
should be noted: 
For Rs,;;5k 
No analog input bypass capacitor re- 
quired, although a 0.1 fJ-Finput bypass 
capacitor will prevent pickup due to un- 
avoidable series lead inductance. 


For5k<Rs';;20k 
A 0.1 fJ-Fcapacitor from the input (pin 
12) to ground should be used. 


For Rs> 20k 
Input buffering is necessary. 
If the overall converter system requires lowpass filtering of 
the analog input signal, use a 20 k.o or less series resistor 
for a passive RC section or add an op amp RC active low- 
pass filter (with its inherent low output resistance) to ensure 
accurate conversions. 


CLOCK 
COUPLING 
The clock lead should be kept away from the analog input 
line to reduce coupling. 


LOGIC INPUTS 
The logical "1" input voltage swing for the Clock, Start Con- 
version and Output Enable should be (Vss -1.0V). 


snould be used for I I L logiCInputs. 


RE-START 
AND DATA VALID 
AFTER 
EOC 
Tne EOC line (pin 9) will be in tne low state for a maximum 
of 40 clock periods to indicate "busy". A START pulse that 
occurs while the AID is BUSY will reset the SAR and start a 
new conversion with the EOC signal remaining in the low 
state until the end of this new conversion. When the conver- 
sion is complete, the EOC line will go to the high voltage 
state. An additional 4 clock periods must be allowed to 
elapse after EOC goes high, before a new conversion cycle 
is requested. Start Conversion pulses that occur during this 
last 4 clock period interval may be ignored (see Figure 1and 
2 for high speed operation). This is a problem only for high 
conversion rates and keeping the number of conversions 
per second less than fClOCK/44 automatically guarantees 
proper operation. For example, for an 800 kHz clock, ap- 
proximately 18,000 conversions per second are allowed. 
The transfer of the new digital data to the output is initiated 
wnen EOC goes to the high voltage state. 


POWER 
SUPPLIES 


Standard 
supplies 
are 
Vss= +SV, 
VGG= -12V 
and 
Voo=OV. Device accuracy is dependent on stability of the 
reference voltage and has slight sensitivity to VSS-VGG. 
Voo has no effect on accuracy. Noise spikes on the Vss 
and VGG supplies can cause improper conversion; there- 
fore, filtering each supply with a 4.7 ,..Ftantalum capacitor is 
recommended. 


Simply tying the EOC output to the Start Conversion input 
will allow continuous conversions, but an oscillation on this 
line will exist during the first 4 clock periods after EOC goes 
high. Adding a 0 flip-flop between EOC (0 input) to Start 
Conversion (Q output) will prevent the oscillation and will 
allow a stop/continuous control via the "clear" input. 


To prevent missing a start pulse that may occur after EOC 
goes high and prior to the required 4 clock period time inter- 
val, the circuit of Figure 
1can be used. The RS latch can be 
set at any time and the 4-stage shift register delays the 
application of the start pulse to the AID by 4 clock periods. 
The RS latch is reset 1 clock period after the AID EOC 
signal goes to the low voltage state. This circuit also pro- 
vides a Start Conversion pulse to the AID which is 1 clock 
period wide. 
A second control logic application circuit is shown in Figure 
2. This allows an asynchronous start pulse of arbitrary 
length less than TC, to continuously convert for a fixed high 
level and prOVidesa single clock period start pulse to the 
AID. The binary counter is loaded with a count of 11 when 
the start pulse to the AID appears. Counting is inhibited 
until the EOC signal from the AID goes high. A carry pulse 
is then generated 4 clock periods after EOC goes high and 
is used to reset the input RS latch. This carry pulse can be 
used to indicate that the conversion is complete, the data 
has transferred to the output buffers and the system is 
ready for a new conversion cycle. 


JL"= 
START 
CONVERSION 


JL 


ITAIIT 
CO.VUIIO. 


Zero Adjustment: 
This is the offset voltage required at the 


bottom of the R-network (pin 5) to make the 11111111 to 
11111110 transition when the input voltage is % LSB (20 
mV for a 10.24V scale). In most cases, this can be accom- 
plished by having a 1 kO pot on pin 5. A resistor of 4750 
can be used as a non-adjustable best approximation from 
pin 5 to ground. 


General 
Connection 


DV 
-llV 
CLOCK 


OUTPUT 
ENABLE 
sc 


EoC 


at me tOP01 me H-network (pin 1:» to make me UOUUOOOl 
to 00000000 transition when the input voltage is 1 % LSB 
from full-scale (60 mV less than full-scale for a 10.24V 
scale). This voltage is guaranteed to be within ±2 LSB for 
the ADC0800 without adjustment. In most cases, adjust- 
ment can be accomplished by having a 1 kO pot on pin 15. 


OV to 10V V,N range 


OV to 10V output levels 


·See 
application 
hints 


A I and A2 ~ LM358N dual op amp 


• Permits TTL compatible 
outputs with 
OY to IOY input range (OY to -IOY 
input range achieved 
by reversing 
polarity of zener diodes and returning 
the 6.8k resistor to V-). 


Typical Applications 
(Continued) 


TESTING 
THE AID CONVERTER 


There are many degrees of complexity associated with test- 
ing an AID converter. One of the simplest tests is to apply a 
known analog input voltage to the converter and use LEOs 
to display the resulting digital output code as shown in Fig- 
ure 3. Note that the LED drivers invert the digital output of 
the AID converter to provide a binary display. A lab DVM 
can be used if a precision voltage source is not available. 
After adjusting the zero and full-scale, any number of points 
can be checked, as desired. 


For ease of testing, a 10.24 Voc reference is recommended 
for the AID converter. This provides an LSB of 40 mV 
(10.240/256). To adjust the zero of the AID, an analog input 
voltage of '12 LSB or 20 mV should be applied and the 


IIo 


zero adjust potentiometer should be set to provide a flicker 
on the LSB LED readout with all the other display LEOs 
OFF. 
To adjust the full-scale adjust potentiometer, an analog in- 
put that is 1'12LSB less than the reference (10.240-0.060 
or 10.180 VDC)should be applied to the analog input and 
the full-scale adjusted for a flicker on the LSB LED, but this 
time with all the other LEOs ON. 
A complete circuit for a simple AID tester is shown in Figure 
4. Note that the clock input voltage swing and the digital 
output 
voltage 
swings 
are 
from 
OV to 
10.24V. The 


MM74C901 provides a voltage translation to 5V operation 
and also the logic inversion so the readout LEOsare in bina- 
ry. 


It 
FULL-SCALE 


ADJUST 


10.24V=n..r 
11 
~ 
C~ 


,,. 
100kHz 


+-r 


'DPF 


10 


Vss 


......•. "~ 
..•..-.... 
, ..._.- 
. _ .._ ..- 
_..- . --- - 
-- 


these 
two 
8-bit 
groups. 
By adding 
the 
decoded 
voltages 
which 
are obtained 
from 
the column: 
"Input 
Voltage 
Value 
with 
a 10.240 
VREF" 
of both 
the 
MS and 
LS groups, 
the 
value of the digital display 
can be determined. 
For example, 
for an output 
LED display 
of "10110110" 
or "B6" 
(in hex) 
the 
voltage 
values 
from 
the 
table 
are 
7.04 
+ 
0.24 
or 


ty" of an AID, to obtain 
an output 
digital 
code change. 
The 
effects 
of this quantization 
error have to be accounted 
for in 
the 
interpretation 
of the test 
results. 
A plot of this 
natural 
error source 
is shown 
in Figure 5 where, 
for clarity, 
both the 
analog 
input voltage 
and the error voltage 
are normalized 
to 
LSBs. 


INPUT VOLTAGE 


FRACTIONAL 
BINARY 
VALUE 
FOR 
VALUE 
WITH 


HEX 
BINARY 
10.24 VREF 


MSGROUP 
LSGROUP 
MSGROUP 
LSGROUP 


F 
1 
1 
1 
1 
15/16 
15/256 
9.600 
0.600 


E 
1 
1 
1 
0 
7/8 
7/128 
8.960 
0.560 
D 
1 
1 
0 
1 
13/16 
13/256 
8.320 
0.520 


C 
1 
1 
0 
0 
3/4 
3/64 
7.680 
0.480 


B 
1 
0 
1 
1 
11/16 
11/256 
7.040 
0.440 


A 
1 
0 
1 
0 
5/8 
5/128 
6.400 
0.400 


9 
1 
0 
0 
1 
9/16 
9/256 
5.760 
0.360 


8 
1 
0 
0 
0 
1/2 
1/32 
5.120 
0.320 


7 
0 
1 
1 
1 
7/16 
7/256 
4.480 
0.280 


6 
0 
1 
1 
0 
3/8 
3/128 
3.840 
0.240 


5 
0 
1 
0 
1 
5/16 
5/256 
3.200 
0.200 


4 
0 
1 
0 
0 
1/4 
1/64 
2.560 
0.160 


3 
0 
0 
1 
1 
3/16 
3/256 
1.920 
0.120 


2 
0 
0 
1 
0 
1/8 
1/128 
1.280 
0.080 


1 
0 
0 
0 
1 
1/16 
1/256 
0.640 
0.040 


0 
0 
0 
0 
0 
0 
0 


;;~ 


~ 
1/2 
~ 
co 
~ 
C>> 
a: 
C> 
ffi 
-1/2 


~ 
-1 


Typical Applications 
(Continued) 


A low speed 
ramp generator 
can also be used to sweep the 


analog 
input voltage 
and the LED outputs 
will provide 
a bi- 


nary counting 
sequence 
from zero to full-scale. 


The 
techniques 
described 
so far are suitable 
for an engi- 


neering 
evaluation 
or a quick check 
on performance. 
For a 


higher speed test system, 
or to obtain 
plotted 
data, a digital- 


to-analog 
converter 
is needed 
for the test set-up. 
An accu- 


rate 
10-bit 
DAC can serve 
as the precision 
voltage 
source 


for the AID. 
Errors of the AID 
under test can be provided 
as 


either 
analog 
voltages 
or differences 
in two digital 
words. 


A basic AID 
tester which uses a DAC and provides 
the error 


as an analog 
output 
voltage 
is shown 
in Figure 
6. The 2 op 


amps can be eliminated 
if a lab DVM with a numerical 
sub- 


traction 
feature 
is available 
to directly 
readout 
the difference 


voltage, 
"A-C". 


For operation 
with 
a microprocessor 
or a computer-based 


test system, 
it is more convenient 
to present 
the errors digi- 


tally. This can be done with the circuit of Figure 
7where 
the 


output code transitions 
can be detected 
as the 10-bit DAC is 


incremented. 
This provides 
V. LSB steps 
for the 8-bit AID 


under test. If the results of this test are automatically 
plotted 


with the analog 
input on the X axis and the error 
(in LSB's) 


as the Y axis, a useful 
transfer 
function 
of the AID 
under 


test 
results. 
For acceptance 
testing, 
the plot 
is not neces- 


sary and the testing 
speed can be increased 
by establishing 


internal 
limits on the allowed 
error for each code. 
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Top View 


Order 
Number 
AOC0800PO 
or AOC0800PCO 
See NS Package 
Number 
018A 


f}1National 
Semiconductor 


ADC080 11ADC08021 ADC08031 ADC08041 ADC0805 
8-Bit JLP Compatible 
AID Converters 


General Description 
The 
ADC0801, 
ADC0802, 
ADC0803, 
ADC0804 
and 


ADC0805 are CMOS 8-bit successive approximation AID 
converters that use a differential potentiometric ladder- 
similar to the 256R products. These converters are de- 
signed to allow operation with the NSC800 and INS8080A 
derivative control bus with TRI-STATEiI>output latches di- 
rectly driving the data bus. These AIDs appear like memory 
locations or 1/0 ports to the microprocessor and no inter- 
facing logic is needed. 
Differential analog voltage inputs allow increasing the com- 
mon-mode rejection and offsetting the analog zero input 
voltage value. In addition, the voltage reference input can 
be adjusted to allow encoding any smaller analog voltage 
span to the full 8 bits of resolution. 


Features 
• 
Compatible with 8080 ,...P derivatives-no 
interfacing 


logic needed - access time - 135 ns 


• 
Easy interface 
to 
all 
microprocessors, 
or 
operates 


"stand alone" 


• 
Differential analog voltage inputs 
• 
Logic inputs and outputs meet both MOS and TIL volt- 
age level specifications 
• 
Works with 2.5V (LM336) voltage reference 
• 
On-chip clock generator 
• 
OVto 5V analog input voltage range with single 5V 
supply 
• 
No zero adjust required 
• 
0.3" standard width 20-pin DIP package 
• 
20-pin molded chip carrier or small outline package 


• 
Operates ratiometrically or with 5 Voc, 2.5 Voc, or ana- 
log span adjusted voltage reference 


Key Specifications 
• 
Resolution 
• 
Total error 
• 
Conversion time 


8 bits 


± '14 LSB, ± % LSB and ± 1 LSB 
100 ,...S 
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Error Specification 
(Includes 
Full-scale, 


Zero Error, and Non-Linearity) 


Part 
Full- 
VREF/2 = 2.500 Voc 
VREF/2 = No Connection 
SCale 
Number 
Adjusted 
(No Adjustments) 
(No Adjustments) 


ADC0801 
±'I4 LSB 


ADC0802 
±%LSB 


ADC0803 
±%LSB 


ADC0804 
±1 LSB 


ADC0805 
±1 LSB 


Absolute Maximum Ratings 
(Notes 
1 & 2) 


If 
Mllltary/Aerospace 
specified 
devices 
are 
required, 
Storage 
Temperature 
Range 
- 65'C to + 150'C 


please 
contact 
the 
National 
Semiconductor 
sales 
Package 
Dissipation 
at TA = 25'C 
875mW 
Offlce/Dlstrlbutors 
for 
availability 
and specifications. 
ESD Susceptibility 
(Note 10) 
800V 
Supply Voltage 
(Vccl 
(Note 3) 
6.5V 
Voltage 
Operating Ratings 
(Notes 
1 & 2) 
Logic Control 
Inputs 
-0.3Vto 
+18V 
At Other Input and Outputs 
-0.3Vto 
(Vcc+0.3V) 
Temperature 
Range 
TMIN:S:TA:S:TMAX 


Lead Temp. 
(Soldering, 
10 seconds) 
ADC0801/02LJ, 
ADC0802LJ/883 
- 55'C:S:T A:S:+ 125'C 


Dual-In-Line 
Package 
(plastic) 
260'C 
ADC0801/02/03/04LCJ 
-40'C:S:TA:S: 
+ 85'C 


Dual-In-Line 
Package 
(ceramic) 
300'C 
ADC0801/02/03/05LCN 
-40'C:S:TA:S: 
+85'C 


Surface 
Mount 
Package 
ADC0804LCN 
O'C:S:TA:S:+ 70'C 
ADC0802/03/04LCV 
O'C:S:TA:S:+70'C 
Vapor Phase (60 seconds) 
215'C 
ADC0802/03/04LCWM 
O'C:S:TA:S:+ 70'C 
Infrared 
(15 seconds) 
220'C 
RangeofVcc 
4.5 VOC to 6.3 voc 
Electrical Characteristics 


The following 
specifications 
apply for Vcc=5 
VOC, TMIN:S:TA:S:TMAX and fCLK=640 
kHz unless 
otherwise 
specified. 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


ADC0801: 
Total Adjusted 
Error (Note 8) 
With Full-Scale 
Adj. 
±'14 
LSB 
(See Section 
2.5.2) 


ADC0802: 
Total Unadjusted 
Error (Note 8) 
VAEF/2 = 2.500 VOC 
. 


±% 
LSB 


ADC0803: 
Total Adjusted 
Error (Note 8) 
With Full-Scale 
Adj. 
±% 
LSB 
(See Section 
2.5.2) 


ADC0804: 
Total Unadjusted 
Error (Note 8) 
VAEF/2=2.500 
VOC 
±1 
LSB 


ADC0805: 
Total Unadjusted 
Error (Note 8) 
VAEF/2-No 
Connection 
±1 
LSB 


VAEF/2 
Input Resistance 
(Pin 9) 
ADC0801/02/03/05 
2.5 
8.0 
kfi 
ADC0804 
(Note 9) 
0.75 
1.1 
kfi 


Analog 
Input Voltage 
Range 
(Note 4) V( +) or V( -) 
Gnd-0.05 
Vcc+0.05 
Voc 


DC Common-Mode 
Error 
Over Analog 
Input Voltage 
±'I,. 
±'/e 
LSB 
Range 


Power Supply Sensitivity 
Vcc=5 
VOC ±10% 
Over 
±'I,. 
±'/e 
LSB 
Allowed 
VIN( +) 
and VIN( -) 
Voltage 
Range (Note 4) 


AC Electrical Characteristics 


The following 
specifications 
apply for Vcc = 5 VOC and TA = 25'C 
unless 
otherwise 
specified. 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Tc 
Conversion 
Time 
fCLK = 640 kHz (Note 6) 
103 
114 
!'os 


Tc 
Conversion 
Time 
(Note 5, 6) 
66 
73 
l/fCLK 


fCLK 
Clock Frequency 
Vcc=5V, 
(Note 5) 
100 
640 
1460 
kHz 
Clock Duty Cycle 
(Note 5) 
40 
60 
% 


CR 
Conversion 
Rate in Free-Running 
INTR tied to WR with 
8770 
9708 
conv/s 
Mode 
CS = 0 VOC, fCLK = 640 kHz 


tWcWR'IL 
Width of WR Input (Start Pulse Width) 
CS=O 
VOC (Note 7) 
100 
ns 


tACC 
Access 
Time (Delay from Falling 
CL =100pF 
135 
200 
ns 
Edge of RD to Output 
Data Valid) 


t1H,IoH 
TRI-STATE 
Control 
(Delay 
CL = 10 pF, RL = 10k 
125 
200 
ns 
from Rising Edge of RD to 
(See TRI-STATE 
Test 
Hi-ZState) 
Circuits) 


tWI, tAl 
Delay from Falling Edge __ 
300 
450 
ns 
of WR or RD to Reset of INTR 


CIN 
Input Capacitance 
of Logic 
5 
7.5 
pF 
Control 
Inputs 


COUT 
TRI-ST ATE Output 
5 
7.5 
pF 
Capacitance 
(Data Buffers) 


CONTROL 
INPUTS 
[Note: 
CLK IN (Pin 4) is the input of a Schmitt 
trigger circuit and is therefore 
specified 
separately] 


YIN(l) 
Logical 
"1" 
Input Voltage 
Ycc=5.25Yoc 
2.0 
15 
Yoc 
(Except 
Pin 4 CLK IN) 


AC Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for Vcc 
= 
5Voc 
and TMIN ,;; TA ,;; TMAX, unless 
otherwise 
specified. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


CONTROL 
INPUTS 
[Note: 
CLK IN (Pin 4) is the input of a Schmitt 
trigger circuit and is therefore 
specified 
separately) 


VIN(O) 
Logical 
"0" 
Input Voltage 
Vcc=4.75Voc 
0.8 
Voc 
(Except 
Pin 4 CLK IN) 


IIN(1) 
Logical 
"1" 
Input Current 
VIN=5VOC 
0.005 
1 
,.,.Aoc 


(All Inputs) 


IIN (0) 
Logical 
"0" 
Input Current 
VIN=OVOC 
-1 
-0.005 
,.,.Aoc 


(All Inputs) 


CLOCK 
IN AND CLOCK 
R 


VT+ 
CLK IN (Pin 4) Positive 
Going 
I 
2.7 
3.1 
3.5 
Voc 
Threshold 
Voltage 
"'\ 


VT- 
CLK IN (Pin 4) Negative 
1.5 
1.8 
2.1 
Voc 


Going Threshold 
Voltage 


VH 
CLK IN (Pin 4) Hysteresis 
0.6 
1.3 
2.0 
Voc 
(VT+)-(Vr) 


VOUT (0) 
Logical 
"0" 
CLK R Output 
10=360,.,.A 
0.4 
Voc 
Voltage 
Vcc=4.75 
Voc 


VOUT(1) 
Logical 
"1" 
CLK R Output 
10= -360,.,.A 
2.4 
Voc 
Voltage 
VCC=4.75 
Voc 
-"r 


DATA 
OUTPUTS 
AND INTR 


VOUT (0) 
Logical 
"0" 
Output Voltage 


Data Outputs 
10UT= 1.6 mA, Vcc=4.75Voc 
If 


0.4 
Voc 
INTR Output 
10UT= 1.0 mA, Vcc=4.75 
Voc 
0.4 
Voc 


VOUT(1) 
Logical 
"1" 
Output Voltage 
10= -360 
,.,.A,Vcc=4.75 
Voc 
2.4 
Voc 


VOUT(1) 
Logical 
"1" 
Output Voltage 
10= -10,.,.A. 
Vcc=4.75 
Voc 
4.5 
Voc 


lOUT 
TRI-STATE 
Disabled 
Output 
VOUT=OVOC 
-3 
,.,.Aoc 
Leakage 
(All Data Buffers) 
VOUT=5VOC 
3 
,.,.Aoc 


ISOURCE 
VOUT Short to Gnd, TA = 25'C 
4.5 
6 
mAoc 


ISINK 
VOUT Short to Vcc, TA = 25'C 
9.0 
16 
mAOC 


POWER 
SUPPLY 


Icc 
Supply Current 
(Includes 
fCLK = 640 kHz, 
Ladder Current) 
VREF/2=NC. 
TA=25'C 
and~=5V 


ADC0801/02/03/04LCJ/05 
1.1 
1.8 
mA 
ADC0804LCN/LCV 
ILCWM 
1.9 
2.5 
mA 


Hote 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specified 
operating conditions. 


Note 2: All voltages 
are measured with respect to Goo, unless otherwise 
specified. The separate A Gnd point should always be wired to the 0 Gnd. 


Note 3: A zener diode exists. internally, from VCC to God and has a typical breakdown 
voltage of 7 Voc. 


Note 4: For VIN(-):> VIN(+) the dignaloutputcode will be 00000000.Two on-chipdiodesare tied to eachanaloginput(seeblockdiagram)whichwill forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct-especially 
at elevated temperatures, 
and cause errors for analog inputs near full-scale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by more than 50 mV, the output 
code will be correct. To achieve an absolute 0 Voc to 5 Voc input voltage range will therefore 
require a minimum supply voltage of 4.950 
Voc over temperature 
variations, 
initial tolerance 
and loading. 


Note 5: Accuracy 
is guaranteed 
at feLK = 640 kHz. At higher clock frequencies 
accuracy can degrade. For lower clock frequencies, 
the duty cycle limits can be 
extended 
so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns. 


Note I: With an asynchronous 
start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion 
process. The 
start requestis internallyIstched,see F/(JUfB 2 and section2.0. 
Note 7: Thel::S inputiaassumedto brackettheWIt strobeinputandthereforetimingis dependenton theWI'! pulsewidth.An arbitrarilywidepulsewidthwill hold 
the converterin a reset modeandthe start of conversionis initiatedby the lowto hightransitionof the WR pulse(seetimingdiagrams). 


Note 8: None of these AIDs 
requires a zero adjust (see section 2.5.1). 
To obtain zero code at other analog input voltages see section 2.5 and Figure 5. 


Note t: The VAEF/2pin is the centerpoinf of a two-resistordividerconnectedfrom Vcc to ground.In all versionsof the ADC0801,ADC0802,ADC0803,and 
ADC0805,end in the ADC0804LCJ,each rellator Istypically18 kG. In all veralonsof the ADC0804exceptthe ADC0804LCJ,each resistoris Iypically2.2 kG. 
Note 10:Humanbody model,100pF diachatgedtIltough a 1.5 kG rMistor. 


Typical Performance Characteristics 
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Timing Diagrams 
(All timing is measured 
from the 50% voltage 
points) 
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Typical Applications 
(Continued) 
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IJ-PCompatible Differential-Input 
Comparator with Pre-set Vos (with or without Hysteresis) 
r---------------------j 
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•See Figure 5 to select R value 
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·Beckman 
Instruments 
#694·3·R10K 
resistor array 
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CHANNEL 
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C ••• 
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CONVERSION 
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A, B, C, D ~ 
LM324A quad op amp 
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Uses Chebyshev 
implementation 
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unity-gain, 2nd order, low-pass filter 
Adding a separate filter for each channel increases 
system response time if an analog multiplexer 
is used 
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Note 
1: Oversample 
whenever 
possible 
[keep fs > 2f( -60)] 
to eliminate input frequency folding 
(aliasing) and to allow for the skirt response of the filter. 


Note 2: Consider the amplitude 
errors which are introduced 
within the passband of the filter. 
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'Use 
ADC0801, 02, 03 or 05 tor lowest 
powflt' 
consumption. 


Note: logic 
inputs can be driven to Vcc with AID supply at zero volts. 


Buffer prevents data bus from overdriving 
output of AID when in shutdown 
mode. 


Functional Description 


1.0 UNDERSTANDING 
AID 
ERROR 
SPECS 


A perfect 
AID 
transfer 
characteristic 
(staircase 
waveform) 
is 
shown 
in Figure 
1a. The 
horizontal 
scale 
is analog 
input 


voltage 
and the 
particular 
points 
labeled 
are in steps 
of 1 
LSB (19.53 
mV with 2.5V tied to the VREF/2 
pin). The digital 
output 
codes 
that correspond 
to these 
inputs 
are shown 
as 
D -1, 
D, and D + 1. For the perfect 
AID, 
not only will center- 


value (A -1, 
A, A + 1, .... 
) analog 
inputs produce 
the cor- 


rect output 
ditigal codes, 
but also each riser (the transitions 
between 
adjacent 
output 
codes) 
will be located 
± y. LSB 
away from each center-value. 
As shown, 
the risers are ideal 
and have no width. 
Correct 
digital 
output 
codes 
will be pro- 


vided for a range 
of analog 
input voltages 
that extend 
±y. 
LSB from the ideal center-values. 
Each tread 
(the range 
of 


analog 
input 
voltage 
that 
provides 
the same 
digital 
output 
code) 
is therefore 
1 LSB wide. 


Figure 
1b shows 
a worst 
case 
error 
plot for the ADC0801. 


All center-valued 
inputs 
are guaranteed 
to produce 
the cor- 


rect output 
codes 
and the adjacent 
risers are guaranteed 
to 


be no closer 
to tr. •• center-value 
points 
than 
± % LSB. In 


Transfer 
Function 


""S 0+1 
~ 


i'Ti 


I 
I 
I 
I 
I 
I:I 
I 


5 
is 0-1 


3"f4 
,, 
: 
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other words, 
if we apply an analog 
input equal to the center- 


value ± % LSB, we guarantee 
that the AID 
will produce 
the 
correct 
digital 
code. 
The maximum 
range 
of the position 
of 


the code transition 
is indicated 
by the horizontal 
arrow and it 
is guaranteed 
to be no more than y. LSB. 


The error curve 
of Figure 
1c shows 
a worst 
case error 
plot 


for the 
ADC0802. 
Here we guarantee 
that 
if we apply 
an 
analog 
input equal to the LSB analog 
voltage 
center-value 


the AID 
will produce 
the correct 
digital 
code. 


Next to each transfer 
function 
is shown 
the corresponding 


error plot. Many people 
may be more familiar with error plots 


than transfer 
functions. 
The analog 
input voltage 
to the AID 
is provided 
by either a linear ramp or by the discrete 
output 


steps of a high resolution 
DAC. Notice 
that the error is con- 
tinuously 
displayed 
and includes 
the quantization 
uncertain- 
ty of the AID. 
For example 
the error at point 
1 of Figure 
1a 


is +y. LSB because 
the digital 
code 
appeared 
y. LSB in 


advance 
of the 
center-value 
of the 
tread. 
The 
error 
plots 


always 
have a constant 
negative 
slope 
and the abrupt 
up- 


side steps 
are always 
1 LSB in magnitude. 
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c) Accuracy 
= ± 'I. LSB 


FIGURE 
1. Clarifying 
the Error 
Specs 
of an AID 
Converter 


Functional Description 
(Continued) 


2.0 FUNCTIONAL 
DESCRIPTION 
The ADC0801 series contains a circuit equivalent of the 
256R network. Analog switches are sequenced by succes- 
sive approximation logic to match the analog difference in- 
put voltage [VIN( +) - 
VIN( -)] 
to a corresponding tap on 
the R network. The most significant bit is tested first and 
after 8 comparisons (64 clock cycles) a digital 8-bit binary 
code (1111 1111 = full-scale) is transferred to an output 
latch and then an interrupt is asserted (INTR makes a high- 
to-low transition). A conversion in process can be interrupt- 
ed by issuing a second start command. The device may be 
operated in the free-running mode by connecting INTR to 
the WR input with CS=O. To ensure start-up under all pos- 
sible conditions, an ex1ernalWR pulse is required during the 
first power-up cycle. 
On the high-to-Iow transition of the WR input the internal 
SAR latches and the shift register stages are reset. As long 
as the CS input and WR input remain low, the AID will re- 
main in a reset state. Conversion will start from 1 to 8 clock 
periods after at least one of these inputs makes a low-to- 
high transition. 


LADDER 
A.D 
DECODER 


A functional diagram of the AID converter is shown in Fig- 
ure 2. All of the package pinouts are shown and the major 
logic control paths are drawn in heavier weight lines. 
The converter is started by having CS and WR simulta- 
neously low. This sets the start flip-flop (FIF) and the result- 
ing "1" level resets the 8-bit shift register, resets the Inter- 
rupt (INTR) F/F and inputs a "1" to the D flop, F/F1, which 
is at the input end of the 8-bit shift register. Internal clock 
signals then transfer this "1" to the Q output of F/F1. The 
AND gate, G1, combines this "1" output with a clock signal 
to provide a reset signal to the start F/F. If the set signal is 
no longer present (either WR or CS is a "1 ") the start F/F is 
reset and the 8-bit shift register then can have the "1" 
clocked in, which starts the conversion process. If the set 
signal were to still be present, this reset pulse would have 
no effect (both outputs of the start F/F would momentarily 
be at a "1" level) and the 8-bit shift register would continue 
to be held in the reset mode. This logic therefore allows for 
wide CS and WR signals and the converter will start after at 
least one of these signals returns high and the internal 
clocks again provide a reset signal for the start F/F. 


INPUT 
PROTECTION 
FOR All 
LOGIC INPUTS 


INPUTF 


TOINTERNAl 
CIRCUITS 
IV 
3!:38V 


DIGITAL 
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CONTROL 
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Note 1: 'OS shown 
twice for clarity. 


Note 
2: SAR = Successive 
Approximation 
Register. 


Functional Description 
(Continued) 


After 
the 
"1" 
is clocked 
through 
the 
8-bit 
shift 
register 


(which completes 
the SAR search) 
it appears 
as the input to 


the 
D-type 
latch, 
LATCH 
1. As soon 
as this 
"1" 
is output 


from 
the shift 
register, 
the AND 
gate, 
G2, causes 
the new 


digital 
word 
to transfer 
to the 
TRI-STATE 
output 
latches. 
When 
LATCH 
1 is subsequently 
enabled, 
the 
Q output 


makes 
a high-to-low 
transition 
which 
causes 
the INTR F/F 


to set. An inverting 
buffer 
then 
supplies 
the INTR input sig- 


nal. 


Note that this ~ 
control 
of the INTR F/F 
remains 
low for 


8 of the external 
clock 
periods 
(as the internal 
clocks 
run at 


'Is of the frequency 
of the external 
clock). 
If the data output 


is continuously 
enabled 
(CS and 
RD both 
held 
low), 
the 
INTR output 
will still signal the end of conversion 
(by a high- 


to-low 
transition), 
because 
the ~ 
input can control 
the Q 
output 
of the 
INTR 
F/F 
even 
though 
the 
RESET 
input 
is 
constantly 
at a "1" 
level in this operating 
mode. This INTR 


output 
will therefore 
stay 
low for the 
duration 
of the ~ 


signal, 
which 
is 8 periods 
of the 
external 
clock 
frequency 
(assuming 
the AID 
is not started 
during 
this interval). 


When 
operating 
in the free-running 
or continuous 
conver- 


sion 
mode 
(INTR 
pin tied 
to WR 
and CS wired 
low-see 


also section 
2.8), the START 
F/F 
is SET by the high-to-low 


transition 
of the TJiITR signal. This resets the SHIFT 
REGIS- 


TER which 
causes 
the input to the D-type 
latch, 
LATCH 
1, 
to go low. As the 
latch 
enable 
input 
is still present, 
the Q 


output 
will go high, which 
then 
allows 
the INTR 
F/F 
to be 
RESET. 
This reduces 
the width of the resulting 
INTR output 
pulse to only a few propagation 
delays 
(approximately 
300 


ns). 


When 
data 
is to be read, 
the combination 
of both CS and 


1'ID being 
low will cause 
the INTR F/F 
to be reset 
and the 
TRI-STATE 
output 
latches 
will be enabled 
to provide 
the 8- 
bit digital 
outputs. 


2,1 Digital 
Control 
Inputs 


The digital 
control 
inputs (CS, RD, and WR) meet standard 


T2L logic voltage 
levels. 
These 
signals 
have been renamed 


when 
compared 
to the standard 
AID 
Start and Output 
En- 
able labels. 
In addition, 
these 
inputs 
are active 
low to allow 


an 
easy 
interlace 
to 
microprocessor 
control 
busses. 
For 


non-microprocessor 
based applications, 
the CS input (pin 1) 
can 
be grounded 
and 
the 
standard 
AID 
Start 
function 
is 
obtained 
by an active 
low pulse applied 
at the WR input (pin 


3) and the Output 
Enable 
function 
is caused 
by an active 
low pulse at the RD input (pin 2). 


2.2 Analog 
Differential 
Voltage 
Inputs 
and 


Common-Mode 
Rejection 


This 
AID 
has additional 
applications 
flexibility 
due 
to the 


analog 
differential 
voltage 
input. 
The 
VIN( -) 
input 
(pin 7) 


can be used to automatically 
subtract 
a fixed voltage 
value 


from the input reading 
(tare correction). 
This is also useful in 


4 mA-20 
mA current 
loop conversion. 
In addition, 
common- 
mode 
noise can be reduced 
by use of the differential 
input. 


The time interval 
between 
sampling 
VIN( +) and VIN( -) 
is 4- 
% clock 
periods. 
The 
maximum 
error 
voltage 
due to this 


slight time difference 
between 
the input voltage 
samples 
is 


given 
by: 


(4.5 
) 
llVa(MAX) 
= (Vp) (27Tfern) 
fClK 
' 


where: 


IIVa is the error voltage 
due to sampling 
delay 


Vp is the peak value of the common-mode 
voltage 


fern is the common-mode 
frequency 


As an example, 
to keep this error to '14 LSB (- 
5 mY) when 


operating 
with a 60 Hz common-mode 
frequency, 
fern, and 


using a 640 kHz AID 
clock, 
fClK, would 
allow a peak value 


of the common-mode 
voltage, 
Vp, which 
is given 
by: 


V 
- 
IIIVa(MAX) (felKll 
p- 
(27Tfern) (4.5) 


(5 x 10-3) 
(640 X 103) 


Vp = 
(6.28) (60) (4.5) 


which 
gives 


Vp"'1.9V. 


The allowed 
range 
of analog 
input voltages 
usually 
places 


more severe 
restrictions 
on input common-mode 
noise 
lev- 


els. 


An analog 
input voltage 
with a reduced 
span and a relatively 


large zero offset 
can be handled 
easily by making 
use of the 


differential 
input (see section 
2.4 Reference 
Voltage). 


2.3 Analog 
Inputs 


2.3.1 Input 
Current 


Normal 
Mode 


Due to the internal 
switching 
action, 
displacement 
currents 


will flow 
at the analog 
inputs. 
This 
is due to on-chip 
stray 


capacitance 
to ground 
as shown 
in Figure 
3. 
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Functional Description 
(Continued) 


The voltage on this capacitance is switched and will result in 
currents entering the VIN(+) 
input pin and leaving the 


VIN(-) 
input which will depend on the analog differential 


input voltage levels. These current transients occur at the 
leading edge of the internal clocks. They rapidly decay and 
do not cause errors as the on-chip comparator is strobed at 
the end of the clock period. 


Fault Mode 


If the voltage source applied to the VIN(+) or VIN(-) 
pin 


exceeds the allowed operating range of Vcc+50 
mY, large 


input currents can flow through a parasitic diode to the Vcc 
pin. If these currents can exceed the 1 mA max allowed 
spec, an external diode (1N914) should be added to bypass 
this current to the Vcc pin (with the current bypassed with 
this diode, the voltage at the VIN(+) pin can exceed the 
Vcc voltage by the forward voltage of this diode). 


2.3.2 Input Bypass Capacitors 
Bypass capacitors at the inputs will average these charges 
and cause a DC current to flow through the output resist- 
ances of the analog signal sources. This charge pumping 
action is worse for continuous conversions with the VIN(+) 
input voltage at full-scale. For continuous conversions with 
a 640 kHz clock frequency with the VIN(+) input at 5V, this 
DC current is at a maximum of approximately 5 I-'A. There- 
fore, bypass capacitors should not be used at the analog 
inputs or the VREP2 pin for high resistance sources (> 
1 


kO). If input bypass capacitors are necessary for noise filter- 
ing and high source resistance is desirable to minimize ca- 
pacitor size, the detrimental effects of the voltage drop 
across this input resistance, which is due to the average 
value of the input current, can be eliminated with a full-scale 
adjustment while the given source resistor and input bypass 
capacitor are both in place. This is possible because the 
average value of the input current is a precise linear func- 
tion of the differential input voltage. 


2.3.3 Input Source Resistance 
Large values of source, resistance where an input bypass 
capacitor is not used, will not cause errors as the input cur- 
rents settle out prior to the comparison time. If a low pass 
filter is required in the system, use a low valued series resis- 
tor (,,; 1 kO) for a passive RC section or add an op amp RC 
active low pass filter. For low source resistance applica- 
tions, (,,; 1 kO), a 0.1 I-'F bypass capacitor at the inputs will 
prevent noise pickup due to series lead inductance of a long 
wire. A 1000 series resistor can be used to isolate this ca- 
pacitor-both 
the Rand C are placed outside the feedback 


loop-from 
the output of an op amp, if used. 


2.3.4 Noise 


The leads to the analog inputs (pin 6 and 7) should be kept 
as short as possible to minimize input noise coupling. Both 
noise and undesired digital clock coupling to these inputs 
can cause system errors. The source resistance for these 
inputs should, in general, be kept below 5 kO. Larger values 
of source resistance can cause undesired system noise 
pickup. Input bypass capacitors, placed from the analog in- 
puts to ground, will eliminate system noise pickup but can 
create analog scale errors as these capacitors will average 
the transient input switching currents of the AID (see sec- 
tion 2.3.1.). This scale error depends on both a large source 


resistance and the use of an input bypass capacitor. This 
error can be eliminated by doing a full-scale adjustment of 
the AID (adjust VREF/2 for a proper full-scale reading-see 
section 2.5.2 on Full-Scale Adjustment) with the source re- 
sistance and input bypass capacitor in place. 


2.4 Reference Voltage 


2.4.1 Span Adjust 
For maximum applications flexibility, these AIDs have been 
designed to accommodate a 5 Voc, 2.5 Voc or an adjusted 
voltage reference. This has been achieved in the design of 
the IC as shown in Figure 4. 


TLIH/5671-15 


FIGURE 4. The VREFERENCEDesign on the IC 


Notice that the reference voltage for the IC is either % of 
the voltage applied to the Vcc supply pin, or is equal to the 
voltage that is externally forced at the VREF/2 pin. This al- 
lows for a ratiometric voltage reference using the Vcc sup- 
ply, a 5 Voc reference voltage can be used for the Vcc 
supply or a voltage less than 2.5 Voc can be applied to the 
VREF/2 input for increased application flexibility. The inter- 
nal gain to the VREF/2 input is 2, making the full-scale differ- 
ential input voltage twice the voltage at pin 9. 


An example of the use of an adjusted reference voltage is to 
accommodate a reduced span-or 
dynamic voltage range 
of the analog input voltage. If the analog input voltage were 
to range from 0.5 Voc to 3.5 Voc, instead of OVto 5 Voc. 
the span would be 3V as shown in Figure 5. With 0.5 Voc 
applied to the VIN(-) pin to absorb the offset, the reference 
voltage can be made equal to % of the 3V span or 1.5 Voc. 
The AID now will encode the VIN(+) signal from 0.5V to 3.5 
V with the 0.5V input corresponding to zero and the 3.5 Voc 
input corresponding to full-scale. The full 8 bits of resolution 
are therefore applied over this reduced analog input voltage 
range. 
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b) 
Accommodating 
an Analog 
Input 
from 
O.5V (Digital 
Out = = OOHEX)to 3.5V 
(Digital 
Out = FFHEX) 


2.4.2 Reference 
Accuracy 
Requirements 


The converter 
can be operated 
in a ratio metric 
mode or an 
absolute 
mode. 
In ratiometric 
converter 
applications, 
the 
magnitude 
of the reference 
voltage 
is a factor 
in both the 
output 
of the source 
transducer 
and the output 
of the AI D 
converter 
and therefore 
cancels 
out in the final digital output 
code. The ADC0805 
is specified 
particularly 
for use in ratio- 
metric 
applications 
with 
no adjustments 
required. 
In abso- 
lute conversion 
applications, 
both 
the 
initial 
value 
and the 
temperature 
stability 
of the reference 
voltage 
are important 
factors 
in the 
accuracy 
of the AID 
converter. 
For VREF/2 
voltages 
of 
2.4 
Voc 
nominal 
value, 
initial 
errors 
of 
± 10 
mVoc 
will cause 
conversion 
errors 
of ± 1 LSB due to the 
gain of 2 of the VREF/2 
input. In reduced 
span applications, 
the initial value and the stability 
of the VREF/2 
input voltage 
become 
even 
more 
important. 
For example, 
if the span 
is 
reduced 
to 2.5V, the analog 
input LSB voltage 
value 
is cor- 
respondingly 
reduced 
from 
20 mV (5V span) to 10 mV and 
1 LSB at the VREF/2 
input becomes 
5 mY. As can be seen, 
this 
reduces 
the 
allowed 
initial 
tolerance 
of the 
reference 
voltage 
and requires 
correspondingly 
less absolute 
change 
with 
temperature 
variations. 
Note 
that 
spans 
smaller 
than 
2.5V place even tighter 
requirements 
on the initial accuracy 
and stability 
of the reference 
source. 


In general, 
the magnitude 
of the 
reference 
voltage 
will re- 
quire an initial adjustment. 
Errors due to an improper 
value 
of reference 
voltage 
appear 
as full-scale 
errors 
in the AID 
transfer 
function. 
IC voltage 
regulators 
may be used for ref- 
erences 
if the ambient 
temperature 
changes 
are not exces- 
sive. The 
LM336B 
2.5V 
IC reference 
diode 
(from 
National 
Semiconductor) 
has a temperature 
stability 
of 1.8 mV typ 
(6 
mV 
max) 
over 
O'C:5:TA:5: +70'C. 
Other 
temperature 
range 
parts are also available. 


2.5 Errors 
and Reference 
Voltage 
Adjustments 


2.5.1 Zero 
Error 


The 
zero 
of the 
AID 
does 
not 
require 
adjustment. 
If the 
minimum 
analog input voltage 
value, VIN(MIN), is not ground, 


a zero offset 
can be done. 
The converter 
can be made 
to 
output 
0000 0000 digital code for this minimum 
input voltage 
by biasing 
the AID 
VIN(-) 
input at this VIN(MIN) value 
(see 
Applications 
section). 
This utilizes 
the differential 
mode op- 
eration 
of the AID. 


The zero error of the AI D converter 
relates 
to the location 
of the 
first 
riser of the transfer 
function 
and 
can 
be mea- 
sured 
by grounding 
the VIN (-) 
input and applying 
a small 
magnitude 
positive 
voltage 
to the VIN (+) 
input. Zero error 
is the difference 
between 
the actual 
DC input voltage 
that is 
necessary 
to just 
cause 
an output 
digital 
code 
transition 
from 
0000 
0000 
to 0000 
0001 
and the ideal % LSB value 
(% LSB = 9.8 mV for VREF/2 = 2.500 Vocl. 


2.5.2 Full-Scale 


The full-scale 
adjustment 
can be made by applying 
a differ- 
ential 
input 
voltage 
that 
is 1% LSB less 
than 
the 
desired 
analog 
full-scale 
voltage 
range and then adjusting 
the mag- 
nitude of the VREF/2 
input (pin 9 or the Vcc supply if pin 9 is 
not used) for a digital output 
code that is just changing 
from 
1111 1110 to 1111 1111. 
• 


Functional Description 
(Continued) 


2.5.3 
Adjusting 
for an Arbitrary 
Analog 
Input 
Voltage 
Range 


If the analog 
zero voltage 
of the AID 
is shifted 
away from 
ground 
(for example, 
to accommodate 
an analog 
input sig- 
nal that 
does 
not 
go to ground) 
this 
new 
zero 
reference 
should 
be 
properly 
adjusted 
first. 
A VIN( +) 
voltage 
that 
equals 
this desired 
zero reference 
plus % lSB 
(where 
the 
lSB 
is calculated 
for the desired 
analog 
span, 1 lSB = ana- 
log span/256) 
is applied 
to pin 6 and 
the zero 
reference 
voltage 
at pin 7 should 
then 
be adjusted 
to just obtain 
the 
OOHEXto 01 HEX code transition. 


The 
full-scale 
adjustment 
should 
then 
be made 
(with 
the 
proper 
VIN( -) 
voltage 
applied) 
by forcing 
a voltage 
to the 
VIN( +) 
input which 
is given 
by: 


[ 
(VMAX - 
VMIN)] 
VIN(+)fsadj 
= VMAX-1.5 
256 
' 


where: 


VMAX=The 
high end of the analog 
input range 


and 


VMIN = the low end (the offset 
zero) of the analog 
range. 
(Both are ground 
referenced.) 


The VREF/2 
(or Vecl 
voltage 
is then adjusted 
to provide 
a 
code change 
from FEHEX to FFHEX. This completes 
the ad- 
justment 
procedure. 


2.6 Clocking 
Option 


The clock 
for the AID 
can be derived 
from the CPU clock or 
an external 
RC 'Can be added 
to provide 
self-clocking. 
The 
ClK 
IN (pin 4) makes 
use of a Schmitt 
trigger 
as shown 
in 
Figure 
6. 
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FIGURE 
6. Self-Clocking 
the AID 


Heavy capacitive 
or DC loading 
of the clock 
R pin should 
be 
avoided 
as 
this 
will 
disturb 
normal 
converter 
operation. 


loads 
less than 50 pF, such as driving 
up to 7 AID 
convert- 
er clock 
inputs from a single clock 
R pin of 1 converter, 
are 
allowed. 
For larger clock 
line loading, 
a CMOS or low power 
TTl 
buffer 
or PNP input 
logic 
should 
be used to minimize 
the loading 
on the clock 
R pin (do not use a standard 
TTl 
buffer). 


2.7 Restart 
During 
a Conversion 


If the AID 
is restarted 
(CS and WR go low and return 
high) 
during 
a conversion, 
the converter 
is reset and a new con- 
version 
is started. 
The output 
data latch is not updated 
if the 


conversion 
in process 
is not allowed 
to be completed, 
there- 
fore 
the 
data 
of the 
previous 
conversion 
remains 
in this 
latch. The INTR output 
simply 
remains 
at the "1" 
level. 


2.8 Continuous 
Conversions 


For operation 
in the free-running 
mode 
an initializing 
pulse 
should 
be used, following 
power-up, 
to ensure 
circuit opera- 
tion. 
In this application, 
the CS input 
is grounded 
and the 
WR 
input 
is tied 
to the 
INTR 
output. 
This 
WR 
and 
INTR 
node should 
be momentarily 
forced 
to logic low following 
a 
power-up 
cycle 
to guarantee 
operation. 


2.9 Driving 
the Data Bus 


This 
MaS 
AID, 
like MaS 
microprocessors 
and memories, 


will require 
a bus driver 
when 
the total 
capacitance 
of the 
data bus gets large. Other circuitry, 
which 
is tied to the data 
bus, will add 
to the 
total 
capacitive 
loading, 
even 
in TRI- 
STATE 
(high 
impedance 
mode). 
Backplane 
bussing 
also 
greatly 
adds to the stray capacitance 
of the data bus. 


There 
are 
some 
alternatives 
available 
to the 
designer 
to 
handle this problem. 
Basically, 
the capacitive 
loading 
of the 
data 
bus slows 
down 
the response 
time, 
even 
though 
DC 
specifications 
are still 
met. 
For systems 
operating 
with 
a 
relatively 
slow CPU clock 
frequency, 
more time is available 
in which 
to establish 
proper 
logic 
levels 
on the 
bus 
and 
therefore 
higher 
capacitive 
loads can be driven 
(see typical 
characteristics 
curves). 


At higher 
CPU clock 
frequencies 
time can be extended 
for 
1/0 reads 
(and/or 
writes) 
by inserting 
wait states 
(8080) 
or 
using clock 
extending 
circuits 
(6800). 


Finally, if time is short 
and capacitive 
loading 
is high, exter- 
nal bus drivers 
must 
be used. 
These 
can 
be TRI-STATE 
buffers 
(low power Schottky 
such as the DM74LS240 
series 
is recommended) 
or special 
higher 
drive 
current 
products 
which 
are designed 
as bus drivers. 
High current 
bipolar 
bus 
drivers 
with PNP inputs 
are recommended. 


2.10 Power 
Supplies 


Noise 
spikes 
on the Vee supply 
line can cause 
conversion 
errors 
as the comparator 
will respond 
to this 
noise. 
A low 
inductance 
tantalum 
filter capacitor 
should 
be used close to 
the 
converter 
Vee 
pin and values 
of 1 ",F or greater 
are 
recommended. 
If an unregulated 
voltage 
is available 
in the 
system, 
a separate 
lM340LAZ-5.0, 
TO-92, 
5V voltage 
regu- 
lator for the converter 
(and other analog 
circuitry) 
will greatly 
reduce 
digital 
noise on the Vee supply. 


2.11 Wiring 
and Hook-Up 
Precautions 


Standard 
digital 
wire wrap 
sockets 
are not satisfactory 
for 
breadboarding 
this AID 
converter. 
Sockets 
on PC boards 
can be used and all logic signal 
wires and leads 
should 
be 
grouped 
and kept as far away as possible 
from 
the analog 
signal leads. 
Exposed 
leads to the analog 
inputs can cause 
undesired 
digital 
noise 
and hum pickup, 
therefore 
shielded 
leads may be necessary 
in many applications. 


Functional Description 
(Continued) 
A single point analog ground that is separate from the logic 
ground points should be used. The power supply bypass 
capacitor and the self-clocking capacitor (if used) should 
both be returned to digital ground. Any VREF/2 bypass ca- 
pacitors, analog input filter capacitors, or input signal shield- 
ing should be returned to the analog ground point. A test for 
proper grounding is to measure the zero error of the AID 
converter. Zero errors in excess of % LSB can usually be 
traced to improper board layout and wiring (see section 
2.5.1 for measuring the zero error). 


3.0 TESTING 
THE AID 
CONVERTER 


There are many degrees of complexity associated with test- 
ing an AID converter. One of the simplest tests is to apply a 
known analog input voltage to the converter and use LEOs 
to display the resulting digital output code as shown in Fig- 
ure 7. 
For ease of testing, the VREF/2 (pin 9) should be supplied 
with 2.560 Voc and a Vcc supply voltage of 5.12 Voc 
should be used. This provides an LSB value of 20 mY. 


If a full-scale adjustment is to be made, an analog input 
voltage of 5.090 Voc (5.120-1'10 LSB) should be applied to 
the VIN(+) pin with the VIN(-) 
pin grounded. The value of 


the VREF/2 input voltage should then be adjusted until the 
digital output code is just changing from 1111 1110 to 1111 
1111. This value of VREF/2 should then be used for all the 
tests. 
The digital output LED display can be decoded by dividing 
the 8 bits into 2 hex characters, the 4 most significant (MS) 
and the 4 least significant (LS). Table I shows the fractional 
binary equivalent of these two 4-bit groups. By adding the 
voltages obtained from the "VMS" and "VLS" columns in 
Table I, the nominal value of the digital display (when 


VREF/2 = 2.560V) can be determined. For example, for an 
output LED display of 1011 0110 or B6 (in hex), the voltage 
values from the table are 3.520 + 0.120 or 3.640 Voc. 
These voltage values represent the center-values of a per- 
fect AID converter. The effects of quantization error have to 
be accounted for in the interpretation of the test results. 
For a higher speed test system, or to obtain plotted data, a 
digital-to-analog converter is needed for the test set-up. An 
accurate 10-bit DAC can serve as the precision voltage 
source for the AID. 
Errors of the AID 
under test can be 


expressed as either analog voltages or differences in 2 digi- 
tal words. 
A basic AID tester that uses a DAC and provides the error 
as an analog output voltage is shown in Figure 8. The 2 op 
amps can be eliminated if a lab DVM with a numerical sub- 
traction feature is available to read the difference voltage, 
"A-C", 
directly. The analog input voltage can be supplied 


by a low frequency ramp generator and an X-Y plotter can 
be used to provide analog error (Y axis) versus analog input 
(X axis). 


For operation with a microprocessor or a computer-based 
test system, it is more convenient to present the errors digi- 
tally. This can be done with the circuit of Figure 9, where the 
output code transitions can be detected as the 10-bit DAC is 
incremented. This provides % LSB steps for the 8-bit AID 
under test. If the results of this test are automatically plotted 
with the analog input on the X axis and the error (in LSB's) 
as the Y axis, a useful transfer function of the AID under 
test results. For acceptance testing, the plot is not neces- 
sary and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 


4.0 MICROPROCESSOR 
INTERFACING 


To dicuss the interface with 8080A and 6800 microproces- 
sors, a common sample subroutine structure is used. The 
microprocessor starts the AID, reads and stores the results 
of 16 successive conversions, then returns to the user's 
program. The 16 data byles are stored in 16 successive 
memory locations. All Data and Addresses will be given in 
hexadecimal form. Software and hardware details are pro- 
vided separately for each type of microprocessor. 


4.1 Interfacing 
8080 Microprocessor 
Derivatives (8048, 


8085) 


This converter has been designed to directly interface with 
derivatives of the 8080 microprocessor. The AID 
can be 


mapped into memory space (using standard memory ad- 
dress decoding for CS and the MEMR and MEMW strobes) 
or it can be controlled as an 1/0 device by using the i70R 
and I10W strobes and decoding the address bits AO -. 
A7 (or address bits A8 -. 
A15 as they will contain the 


same 8-bit address information) to obtain the ~ 
input. Us- 
ing the 1/0 space provides 256 additional addresses and 
may allow a simpler 8-bit address decoder but the data can 
only be input to the accumulator. To make use of the addi- 
tional memory reference instructions, the AID 
should be 


mapped into memory space. An example of an AID in 1/0 
space is shown in Figure 
10. 


• 


8·BIT 
AID 


UNDER 
TEST 


OUTPUT 
VOLTAGE 


FRACTIONAL 
BINARY 
VALUE 
FOR 
CENTER 
VALUES 


HEX 
BINARY 
WITH 


VREF/2 = 2.560 VOC 


MSGROUP 
LSGROUP 
VMS GROUP' 
VLSGROUP' 


F 
1 
1 
1 
1 
15/16 
15/256 
4.800 
0.300 


E 
1 
1 
1 
0 
7/8 
7/128 
4.480 
0.280 
0 
1 
1 
0 
1 
13/16 
13/256 
4.160 
0.260 


C 
1 
1 
0 
0 
3/4 
3/64 
3.840 
0.240 


B 
1 
0 
1 
1 
11/16 
11/256 
3.520 
0.220 
A 
1 
0 
1 
0 
5/8 
5/128 
3.200 
0.200 
9 
1 
0 
0 
1 
9/16 
9/256 
2/880 
0.180 
8 
1 
0 
0 
0 
1/2 
1/32 
I 
2/560 
0.160 


7 
0 
1 
1 
1 
7/16 
7/256 
2.240 
0.140 
6 
0 
1 
1 
0 
3/8 
3/128 
1.920 
0.120 
5 
0 
1 
0 
1 
5/16 
2/256 
1.600 
0.100 
4 
0 
1 
0 
0 
1/4 
1/64 
1/280 
0.080 


3 
0 
0 
1 
1 
3/16 
3/256 
0.960 
0.060 
2 
0 
0 
1 
0 
1/8 
1/128 
0.640 
. 
0.040 


1 
0 
0 
0 
1 
1/16 
1/256 
0.320 
0.020 
0 
0 
0 
0 
0 
0 
0 


080 (13'· 


08' (1B)" 


082 
082 (11)" 


ANALOG 
OB3 
OB3(9)" 
IN'UTS 
084 
084(5)· 


085 
085(11'" 


OBB IZ 
OBI 120'" 
11 
OB7(7)" 
087 


OMI131 


BUS 
COMPARATOR 


AO'51381 


AD" 131' 


AO'3(38) 


A0121371 


A0I1I40) 


AOlO(1) 


I7DWR 1271" 


I7Ulm 125)" 


Note 
1: "Pin numbers for the DP8228 system controller, 
others are INS8080A. 


Note 2: Pin 23 of the INS8228 must be tied to +' 2Y through a , kfi resistor to generate the RST 7 
instruction 
when an interrupt is acknowledged 
as required by the accompanying 
sample program. 


FIGURE 
10. ADC0801-INS8080A 
CPU Interface 


SAMPLE 
PROGRAM 
FOR FIGURE 
10 ADC0801-INS8080A 
CPU INTERFACE 
0038 
C3 00 03 
RST 7: 
JMP 
LDDATA 
• 
• 
• 
• 


• 
• 
• 
0100 
210002 
START: 
LXI H0200H 
;HLpairwill 
point 
to 
; data 
storage 
locations 
0103 
310004 
RETURN: 
LXI SP0400H 
; Initialize 
stack 
pointer 
(Notel) 
0106 
7D 
MOVA. L 
; Test 
# of bytes 
entered 
0107 
FEOF 
CPIOFH 
; If # = 16. JMPto 
0109 
CA13 01 
JZ CONT 
; user 
program 
OlOC 
D3EO 
OUTEOH 
; Start 
AID 
OlOE 
FB 
EI 
; Enable 
interrupt 
OlOF 
00 
LOOP: 
NOP 
; Loop until 
end of 
0110 
C3 OF01 
JMPLOOP 
; conversion 
0113 
• 
CONT: 
• 
• 
• 
• 
• 
• 
(User program 
to 
• 
• 
• 
process 
data) 
• 
• 
• 
• 
• 
• 
• 
• 
• 
0300 
DBEO 
LDDATA: 
IN EOH 
; Load data 
into 
accumulator 
0302 
77 
MOVM.A 
; Store 
data 
0303 
23 
INXH 
; Increment 
storage 
pointer 
0304 
C3 03 01 
JMPRETURN 


Note 
1: The stack pointer must be dimensioned 
because a RST 7 instruction 
pushes the PC onto the stack. 


Note 2: All address used were arbitrarily chosen. 


Functional Description 
(Continued) 


The standard control bus signals of the 8080 -eg, AD and 
WA) can be directly wired to the digital control inputs of the 
AID and the bus timing requirements are met to allow both 
starting the converter and outputting the data onto the data 
bus. A bus driver should be used for larger microprocessor 
systems where the data bus leaves the PC board andlor 
must drive capacitive loads larger than 100 pF. 


4.1.1 Sample 8080A CPU Interfacing Circuitry and 
Program 


The following sample program and associated hardware 
shown in Figure 10 may be used to input data from the 
converter to the INS8080A CPU chip set (comprised of the 
INS8080A microprocessor, the INS8228 system controller 
and the INS8224 clock generator). For simplicity, the AID is 
controlled as an 110 device, specifically an 8-bit bi-direction- 
al port located at an arbitrarily chosen port address, EO.The 
TAl-STATE output capability of the AID eliminates the need 
for a peripheral interface device, however address decoding 
is still required to generate the appropriate -eg for the con- 
verter. 


It is important to note that in systems where the AID con- 
verter is 1-of-8 or less 110 mapped devices, no address 
decoding circuitry is necessary. Each of the 8 address bits 
(AOto A7) can be directly used as -eg input5-<lne for each 
110 device. 


4.1.2 INS8048 Interface 


The INS8048 interface technique with the ADC0801 series 
(see Figure 11) is simpler than the 8080A CPU interface. 
There are 24 110 lines and three test input lines in the 8048. 
With these extra lID lines available, one of the 110 lines (bit 
o of port 1) is used as the chip select signal to the AID, thus 
eliminating the use of an external address decoder. Bus 
control signals RD, WA and INT of the 8048 are tied directly 
to the AID. The 16 converted data words are stored at on- 
chip AAM locations from 20 to 2F (Hex). The JID and WR" 
signals are generated by reading from and writing into a 
dummy address, respectively. A sample interface program 
is shown below. 


to 
2. 
+ 
1Vat 


Vco 
.IG 
12 
1. 
DIG 
Vcc 
-rID"' 
• 11 
13 
17 
D•• 


.Il ,. 
" 
012 


.12 
Ii 
'5 DU 
.M " 


'4 
OM 
.., 
17 
13 Oil 
.N ,. 
12 Oil 


10- .., ,. 


11 D., 
ADC.' 
II.,f 


II1l 
I 
AD 
~ 
lilr " 
Wli 
eLKIN 


liT 
• 
i.Tii 
21 
cs 
lUD I 
Pl. 
,. 


: 
VI.I+} 
OG ••o 
AULDG 
{ 


Vss 
IN'UT 
v,oH 
'::' 


2. 
'::' 
TLIH/5671-21 
FIGURE 11. INS8048 Interface 
SAMPLE PROGRAM FOR FIGURE 111NS8048INTERFACE 


JMP 
lOR 
: Program 
starts 
at addr 
10 


ORG 
3R 
JMP 
50R 
ORG 
lOR 
ANL 
Pl,#OFER 


MOVX 
A,@Rl 


8901 
B820 
B9FF 
BA 10 
23FF 
99 FE 
91 
05 
9621 
EA1B 
00 
00 


ORL 
Pl, 
*1 
MOV 
RO, #20R 
MOV 
Rl, #OFFR 
MOV 
R2, #lOR 
MOV 
A, #OFFR 
ANL 
Pl, 
#OFER 


MOVX 
@Rl,A 
EN 
I 
JNZ 
LOOP 
DJNZ 
R2, AGAIN 


NOP 
NOP 
ORG 
50R 


MOVX 
A, @Rl 


MOV 
@RO,A 
INC 
RO 
ORL 
Pl, 
#1 
CLR 
A 
RETR 


2-40 


81 
AO 
18 
8901 
27 
93 


; Interrupt 
jump vector 
; Main program 
; Chip select 
; Read in the 1st data 
; to reset 
the intr 


; Set port 
pin high 


; Data address 
; Dummyaddress 
; Counter 
for 16 bytes 


;SetACCforintrloop 
; Send CS (bit 
0 of Pl) 
; Send WRout 
; Enable 
interrupt 


; Wait for interrupt 
; If 16 bytes 
are read 
; go to user's 
program 


; Input 
data, 
CS still 
10.• 
; Store 
in memory 


; Increment 
storage 
counter 


; Reset 
CS signal 
; Clear 
ACCto get out of 
; the interrupt 
loop 


Functional Description 
(Continued) 


4.2 Interfacing the Z-80 
The Z-80 control bus is slightly different from that of the 
8080. General RD and WR strobes are provided and sepa- 
rate memory request, MREQ, and I/O request, iORQ, sig- 
nals are used which have to be combined with the general- 
ized strobes to provide the equivalent 8080 signals. An ad- 
vantage of operating the AID in I/O space with the Z-80 is 
that the CPU will automatically insert one wait state (the RD 
and WR strobes are extended one clock period) to allow 
more time for the I/O devices to respond. Logic to map the 
AID in I/O space is shown in Figure 
13. 


MM74C32 
TLIH/5671-23 
FIGURE 13. Mapping the AID as an I/O Device 


for Use with the Z-80 CPU 


Additional I/O advantages exist as software DMA routines 
are available and use can be made of the output data trans- 
fer which exists on the upper 8 address lines (A8 to A15) 
during I/O input instructions. For example, MUX channel 
selection for the AID can be accomplished with this operat- 
ing mode. 


4.3 Interfacing 6800 Microprocessor 
Derivatives 


(6502, etc.) 


The control bus for the 6800 microprocessor derivatives 
does not use the RD and WR strobe signals. Instead it em- 
ploys a single R/W line and additional timing, if needed, can 
be derived fom the </>2clock. All I/O devices are memory 
mapped in the 6800 system, and a special signal, VMA, 
indicates that the current address is valid. Figure 
14 shows 


an interface schematic where the AID is memory mapped in 
the 6800 system. For simplicity, the CS decoding is shown 
using Yo DM8092. Note that in many 6800 systems, an ai- 


ready decoded 475 line is brought out to the common bus at 
pin 21. This can be tied directly to the CS pin of the A/D, 
provided that no other devices are addressed at HX ADDR: 
4XXX or 5XXX. 
The following subroutine performs essentially the same 
function as in the case of the 8080A interface and it can be 
called from anywhere in the user's program. 
In Figure 
15the ADC0801 series is interfaced to the M6800 


microprocessor through (the arbitrarily chosen) Port B of the 
MC6820 or MC6821 Peripheral Interface Adapter, (PIA). 
Here the CS pin of the AID is grounded since the PIA is 
already memory mapped in the M6800 system and no CS 
decoding is necessary. Also notice that the AID output data 
lines are connected to the microprocessor bus under pro- 
gram control through the PIA and therefore the AID RD pin 
can be grounded. 


A sample interface program equivalent to the previous one 
is shown below Figure 
15.The PIA Data and Control Regis- 


ters of Port B are located at HEX addresses 8006 and 8007, 
respectively. 


5.0 GENERAL APPLICATIONS 
The following applications show some interesting uses for 
the AID. The fact that one particular microprocessor is used 
is not meant to be restrictive. Each of these application cir- 
cuits would have its counterpart using any microprocessor 
that is desired. 


5.1 Multiple ADC0801 Series to MC6800 CPU Interface 


To transfer analog data from several channels to a single 
microprocessor system, a multiple converter scheme pre- 
sents several advantages over the conventional multiplexer 
single-converter approach. With the ADC0801 series, the 
differential inputs allow individual span adjustment for each 
channel. Furthermore, all analog input channels are sensed 
simultaneously, which essentially divides the microproces- 
sor's total system servicing time by the number of channels, 
since all conversions occur simultaneously. This scheme is 
shown in Figure 
16. 
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Functional Description 
(Continued) 
00 
C 
SAMPLE 
PROGRAM 
FOR FIGURE 
14 ADC0801-MC6800 
CPU INTERFACE 
<C 
•.•.•.. 
0010 
OF 36 
OATAIN 
STX 
TEMP2 
; Save contents 
of X 
~0 
0012 
CE 00 2C 
LOX 
#$002C 
;Upon IRQ low CPU 
CO 
0 
0015 
FF FFF8 
STX 
$FFF8 
; jumps to 002C 
0 
0018 
B7 50 00 
STAA 
$5000 
; Start ADC0801 
C 
<C 
001B 
OE 
CLI 
•.•.•.. 


001C 
3E 
CONVRT 
WAI 
;Wai t for interrupt 
C')0 
0010 
OE34 
LOX 
TEMPl 
CO 
0 
001F 
8C 02 OF 
CPX 
#$020F 
;Is final data stored? 
0 
C 
0022 
2714 
BEQ 
ENOP 


<C 
0024 
B7 50 00 
STAA 
$5000 
;Restarts 
AOC0801 
•.•.•.. 
N 
0027 
08 
INX 
0 
0028 
OF34 
STX 
TEMPl 
CO 
0 
002A 
20FO 
BRA 
CONVRT 
0 
C 
002C 
OE34 
INTRPT 
LOX 
TEMPl 


<C 
002E 
B6 50 00 
LOAA 
$5000 
;Read data 
•.•.•.. 
.•.. 
0031 
A700 
STAA 
X 
;Store 
it at X 
0 
CO 
0033 
3B 
RTI 
0 
0034 
0200 
TEMPl 
FOB 
$0200 
; Starting 
address 
for 
0 
C 
;data storage 


<C 
0036 
0000 
TEMP2 
FOB 
$0000 
0038 
CE 02 00 
ENOP 
LOX 
#$0200 
;Reinitial1ze 
TEMPl 
003B 
OF 34 
STX 
TEMPl 
0030 
OE 36 
LOX 
TEMP2 
003F 
39 
RTS 
;Return 
from subroutine 


;To user's 
program 


Note 
1: In order for the microprocessor 
to service 
subroutines 
and interrupts, 
the stack pointer must be dimensioned 
in the user's program. 


» 


Functional Description 
(Continued) 
C0 
Q 
CD 
SAMPLE 
PROGRAM 
FOR FIGURE 
15 ADC0801-MC6820 
PIA INTERFACE 
Q 
...•. 
.•..• 


0010 
CE 00 38 
DATAIN 
LDX 
#80038 
; Upon 
IRQ. low 
CPU 
» 
C 
0013 
FF FFF8 
STX 
8FFF8 
; jumps 
to 
0038 
0 


0016 
B6 80 06 
LDAA 
PIAORB 
; p1ear 
possible 
IRQ. flags 
Q 
CD 
0019 
4F 
CLRA 
Q 
N 


001A 
B7 80 07 
STAA 
PIACRB 
.•..•» 
001D 
B7 80 06 
STAA 
PIAORB 
; Set 
Port 
B as input 
g 


0020 
OE 
CLI 
Q 


0021 
C634 
LDAB 
#834 
CD 
Q 


0023 
863D 
LDAA 
#83D 
Co) 
.•..• 


0025 
F7 80 07 
CONVRT 
STAB 
PIACRB 
; Starts 
ADC0801 
» 


0028 
B7 80 07 
STAA 
PIACRB 
C0 
002B 
3E 
WAr 
; Wait 
for 
interrupt 
Q 


002C 
DE 40 
LDX 
TEMP1 
CD 
Q 


002E 
8C 020F 
CPX 
#8020F 
; Is 
final 
data 
stored? 
~••... 


0031 
270F 
BEQ. 
ENDP 
» 
C 


0033 
08 
INX 
0 
0034 
DF40 
STX 
TEMP1 
Q 
CD 


0036 
20 ED 
BRA 
CONVRT 
Q 
U'I 


0038 
DE 40 
INTRPT 
LDX 
TEMP1 


003A 
B6 80 06 
LDAA 
PIAORB 
; Read data 
in 


003D 
A700 
STAA 
X 
; Store 
it 
at 
X 


003F 
3B 
RTI 


0040 
0200 
TEMP1 
FDB 
80200 
; Starting 
address 
for 


; data 
storage 


0042 
CE0200 
ENDP 
LDX 
#80200 
; Reini 
tialize 
TEMP1 


0045 
DF40 
STX 
TEMP1 


0047 
39 
RTS 
; Return 
from 
subroutine 


PIAORB 
EQ.U 
88006 
; To user's 
program 


PIACRB 
EQ.U 
88007 


The following 
schematic 
and sample 
subroutine 
(DATA 
IN) 


may be used to interface 
(up to) 8 ADC0801 's directly 
to the 


MC6800 
CPU. This scheme 
can easily be extended 
to allow 


the 
interface 
of more 
converters. 
In this 
configuration 
the 


converters 
are (arbitrarily) 
located 
at HEX address 
5000 
in 


the 
MC6800 
memory 
space. 
To 
save 
components, 
the 


clock 
signal 
is derived 
from 
just 
one 
RC pair on the 
first 


converter. 
This output 
drives the other 
AIDs. 


All the converters 
are started 
simultaneously 
with a STORE 


instruction 
at HEX address 
5000. 
Note that any other 
HEX 


address 
of the 
form 
5XXX 
will 
be decoded 
by the 
circuit, 
pulling 
all the cg inputs 
low. This can easily 
be avoided 
by 


using 
a more 
definitive 
address 
decoding 
scheme. 
All the 


interrupts 
are ORed 
together 
to insure 
that 
all AIDs 
have 


completed 
their conversion 
before 
the microprocessor 
is in- 
terrupted. 


The subroutine, 
DATA 
IN, may be called 
from 
anywhere 
in 


the user's 
program. 
Once 
called, 
this routine 
initializes 
the 


CPU, starts 
all the converters 
simultaneously 
and waits 
for 


the interrupt 
signal. Upon receiving 
the interrupt, 
it reads the 


converters 
(from 
HEX addresses 
5000 
through 
5007) 
and 


stores 
the data successively 
at (arbitrarily 
chosen) 
HEX ad- 


dresses 
0200 
to 0207, 
before 
returning 
to the 
user's 
pro- 


gram. 
All CPU registers 
then 
recover 
the original 
data they 


had before 
servicing 
DATA 
IN. 


5.2 Auto-Zeroed Differential Transducer Amplifier 


and AID Converter 


-r:he differential 
inputs 
of the ADC0801 
series 
eliminate 
the 


need to perform 
a differential 
to single ended 
conversion 
for 


a differential 
transducer. 
Thus, one op amp can be eliminat- 


ed since 
the differential 
to single 
ended 
conversion 
is pro- 


vided by the differential 
input of the ADC0801 
series. 
In gen- 


eral, a transducer 
preamp 
is required 
to take advantage 
of 


the full AID 
converter 
input dynamic 
range. 
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[321 


OS (2'1 IJI) 


0'(27110 


OJ (211[1} 


AZl1l1lll1 


AI (1011VI 


AQIII 
[411 


Vee II 
SV 


CUR 
l' 


DID l' 


011" 
082 11 


083 15 


014 
14 


01511 
ou 
12 


Oil 
11 


1U 


Vj 
r--<>GND(1 
rI7 
41420 


Note 1: Numbers 
in parentheses 
refer to MC6S0D 
CPU pin out. 


Note 
2: Numbers 
of letters in brackets 
refer to standard 
M6SDD system common 
bus code. 


FIGURE 
16. Interfacing 
Multiple 
AIDs 
In an MC6800 
System 
SAMPLE 
PROGRAM 
FOR FIGURE 
16 INTERFACING 
MULTIPLE 
AIDs 
IN AN MC6800 
SYSTEM 
ADDRESS 
HEX CODE 
MNEMONICS 
COMMENTS 
0010 
DF44 
DATAIN 
STX 
TEMP 
; Save Contents 
of X 
0012 
CE 00 2A 
LDX 
#$002A 
; Upon IRQ LOWCPU 
0015 
FFFFF8 
STX 
$FFF8 
; Jumps to 002A 
0018 
B7 50 00 
STAA 
$5000 
; Starts 
all 
AID 's 
001B 
OE 
CLI 
001C 
3E 
WAI 
; Wait for 
interrupt 
001D 
CE5000 
LDX 
#$5000 
0020 
DF40 
STX 
INDEXl 
; Reset 
both 
INDEX 


0022 
CE02 00 
LDX 
#$0200 
; 1 and 2 to starting 


0025 
DF42 
STX 
INDEX2 
; addresses 
0027 
DE44 
LDX 
TEMP 
0029 
39 
RTS 
; Return 
from subroutine 


002A 
DE40 
INTRPT 
LDX 
INDEX1 
;INDEX1 
•..• X 
002C 
A6 00 
LDAA 
X 
; Read data 
in from AID at X 


002E 
08 
INX 
; Increment 
X by one 
002F 
DF40 
STX 
INDEX1 
; X •..• INDEX1 
0031 
DE42 
LDX 
INDEX2 
; INDEX2 •..• X 


2-44 


"LlLlnE.~ 
n~A""''-''''''' 
,......_ ..._..._- 
-_._ ...._... - 


0033 
A700 
STAA 
X 
; Store 
data at X 
0035 
8C 02 07 
CPX 
#$0207 
; Have allA/D's 
been read? 


0038 
2705 
BEQ 
RETURN 
; Yes: branch to RETURN 


003A 
08 
INX 
; No : increment 
X by one 
003B 
DF42 
STX 
INDEX2 
; X -. 
INDEX2 


003D 
20EB 
BRA 
INTRPT 
; Branch to 002A 


003F 
3B 
RETURN 
RTI 


0040 
5000 
INDEXl 
FDB 
$5000 
; Starting 
address 
for 
AID 


0042 
0200 
INDEX2 
FDB 
$0200 
; Starting 
address 
for 
data storage 
0044 
0000 
TEMP 
FDB 
$0000 


For amplification of DC input signals, a major system error is 
the input offset voltage of the amplifiers used for the 
preamp. Figure 
17 is a gain of 100 differential preamp 


whose offset voltage errors will be cancelled by a zeroing 
subroutine which is performed by the INS8080A microproc- 
essor system. The total allowable input offset voltage error 
for this preamp is only 50 ".V for '14 LSB error. This would 
obviously require very precise amplifiers. The expression for 
the differential output voltage of the preamp is: 


[ 
2R2] 
Vo = [VIN(+)-VIN(-)] 
1 + R1 
+ 
\._-~-_/ 
"--v-I 


SIGNAL 
GAIN 


(VOS2- Vos, - Vos3 ± IxRx) (1 + 2:12) 
\ 
/ "-v---I 


DC ERROR TERM 
GAIN 


where Ix is the current through resistor Rx. All of the offset 
error terms can be cancelled by making ± IxRx = Vos, 
+ 
VOS3 - 
VOS2' This is the principle of this auto-zeroing 


scheme. 
The INS8080A uses the 3 1/0 ports of an INS8255 Pro- 
gramable Peripheral Interface (PPI)to control the auto zero- 
ing and input data from the ADC0801 as shown in Figure 
18. 


The PPI is programmed for basic 1/0 operation (mode 0) 
with Port A being an input port and Ports Band 
C being 


output ports. Two bits of Port C are used to alternately open 
or close the 2 switches at the input of the preamp. Switch 


SW1 is closed to force the preamp's differential input to be 
zero during the zeroing subroutine and then opened and 
SW2 is then closed for conversion of the actual differential 
input signal. Using 2 switches in this manner eliminates con- 
cern for the ON resistance of the switches as they must 
conduct only the input bias current of the input amplifiers. 


Output Port B is used as a successive approximation regis- 
ter by the 8080 and the binary scaled resistors in series with 
each output bit create a DI A converter. During the zeroing 
subroutine, the voltage at Vx increases or decreases as re- 
quired to make the differential output voltage equal to zero. 
This is accomplished by ensuring that the voltage at the 
output of A1 is approximately 2.5V so that a logic "1" (5V) 
on any output of Port B will source current into node Vx thus 
raising the voltage at Vx and making the output differential 
more negative. Conversely, a logic "0" (OV)will pull current 
out of node Vx and decrease the voltage, causing the differ- 
ential output to become more positive. For the resistor val- 
ues shown, Vx can move ± 12 mV with a resolution of 50 
".V, which will null the offset error term to '14 LSB of full- 
scale for the ADC0801. It is important that the voltage levels 
that drive the auto-zero resistors be constant. Also, for sym- 
metry, a logic swing of OVto 5V is convenient. To achieve 
this, a CMOS buffer is used for the logic output signals of 
Port B and this CMOS package is powered with a stable 5V 
source. Buffer amplifier A1 is necessary so that it can 
source or sink the DI A output current. 


,"OMOunUT!~ 
,ORTe 
(FIGURE 'I) 


ff 


Note 
1: R2 ~ 49.5 R1 


Note 2: Switches are LMC13334 
CMOS analog switches. 


Note 3: The 9 resistors used in the auto-zero section can be ± 5% tolerance. 
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,ao. 
IT 
- 
If 
".. 
If 


7t•• 
IT 


l.illIl 
If 


3.11. 
or 
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AD 


ADRI 
Al 


A flow 
chart 
for the zeroing 
subroutine 
is shown 
in Figure 


19. It must be noted that the ADC0801 
series will output 
an 


all zero code 
when 
it converts 
a negative 
input 
[VIN( -) 
;;, 
VIN( + )1. Also, a logic inversion 
exists 
as all of the I/O ports 


are buffered 
with inverting 
gates. 


Basically, 
if the data read is zero, the differential 
output 
volt- 


age is negative, 
so a bit in Port B is cleared 
to pull Vx more 


negative 
which 
will make 
the output 
more 
positive 
for the 


next conversion. 
If the data read is not zero, the output volt- 
age is positive 
so a bit in Port 
B is set to make 
Vx more 


positive 
and the output 
more negative. 
This continues 
for 8 


approximations 
and 
the 
differential 
output 
eventually 
con- 
verges 
to within 
5 mV of zero. 


The 
actual 
program 
is given 
in Figure 20. All 
addresses 


used 
are 
compatible 
with 
the 
BLC 
80/10 
microcomputer 


system. 
In particular: 


Port A and the ADC0801 
are at port address 
E4 


Port B is at port address 
E5 


Port C is at port address 
E6 


PPI control 
word 
port is at port address 
E7 


Program 
Counter 
automatically 
goes to ADDR:3C3D 
upon 


acknowledgement 
of an interrupt 
from the ADC0801 


5.3 Multiple AID Converters In a Z-80 Interrupt 


Driven Mode 


In data acquisition 
systems 
where 
more than one AID 
con- 


verter 
(or other 
peripheral 
device) 
will be interrupting 
pro- 
gram 
execution 
of a microprocessor, 
there 
is obviously 
a 


need for the CPU to determine 
which device 
requires 
servic- 


ing. Figure 21 and the accompanying 
software 
is a method 


of determining 
which 
of 7 ADC0801 
converters 
has com- 
pleted 
a conversion 
(INTR 
asserted) 
and 
is requesting 
an 


interrupt. 
This circuit 
allows 
starting 
the AID 
converters 
in 


any sequence, 
but will input and store 
valid 
data from 
the 


converters 
with a priority sequence 
of AID 
1 being read first, 
AID 
2 second, 
etc., through 
AID 
7 which 
would 
have the 


lowest 
priority 
for 
data 
being 
read. 
Only 
the 
converters 


whose 
INT is asserted 
will be read. 


The 
key to decoding 
circuitry 
is the 
DM74LS373, 
8-bit 
D 


type 
flip-flop. 
When 
the 
Z-80 
acknowledges 
the 
interrupt, 
the 
program 
is vectored 
to a data 
input 
Z-80 
subroutine. 


This subroutine 
will read a peripheral 
status 
word from 
the 


DM74LS373 
which 
contains 
the logic state of the INTR out- 


puts of all the converters. 
Each converter 
which 
initiates 
an 


interrupt 
will place 
a logic "0" 
in a unique 
bit position 
in the 


status word and the subroutine 
will determine 
the identity 
of 


the converter 
and 
execute 
a data 
read. 
An identifier 
word 


(which 
indicates 
which 
AID 
the data came from) is stored 
in 


the next sequential 
memory 
location 
above 
the location 
of 


the data so the program 
can keep track of the identity 
of the 


data entered. 


-EXCLUSIVE-oR- 
REG 8 I'/ITH REG C 
TO SET NEXT 81T 
IN 'ORT 8 


fII 


II) 
(;) 
3DOO 
3E90 
MVI90 
CD 
(;) 
3D02 
D3E7 
Out Control 
Port 
0 
C 
3D04 
2601 
MVI HOl 
c( 
3D06 
7C 
MOVA,H 
- 
~ 
3D07 
D3E6 
OUT C 
(;) 
3D09 
0680 
MVI B 80 
CD 
(;) 
3DOB 
3E7F 
MVI A 7F 
0 
3DOD 
4F 
MOVC.A 
C 
c( 
3DOE 
D3E5 
OUTB 
- 
3D10 
31AA3D 
LXI 
SP 3DAA 
C') 
(;) 
3D13 
D3E4 
OUTA 
CD 
(;) 
3D15 
FB 
IE 
0 
3D16 
00 
NOP 
C 
c( 
3D17 
C3163D 
JMPLoop 
- 
3D1A 
7A 
MOVA,D 
C'I 
(;) 
3D1B 
C600 
ADIOO 
CD 
3D1D 
CA2D3D 
JZ Set C 
(;)0 
3D20 
78 
MOVA,B 
C 
3D21 
F600 
ORIOO 
c(- 
3D23 
IF 
RAR 
.•.. 
3D24 
FEOO 
CPIOO 
(;) 
CD 
3D26 
CA373D 
JZ Done 
(;)0 
3D29 
47 
MOVB.A 
C 
3D2A 
C3333D 
JMPNewC 
c( 
3D2D 
79 
MOVA,C 
3D2E 
BO 
ORAB 
3D2F 
4F 
MOVC,A 
3D30 
C3203D 
JMP Shift 
B 
3D33 
A9 
XRAC 
3D34 
C30D3D 
JMPReturn 
3D37 
47 
MOVB,A 
3D38 
7C 
MOVA.H 
3D39 
EE03 
XRI03 
3D3B 
D3E6 
OUT C 
3D3D 
••• 


; Close 
SWl open SW2 
; Ini 
tialize 
SAR bi t pointer 
; Ini 
tialize 
SAR code 


; Port 
B = SAR code 
; Dimension 
stack 
pointer 
; Start 
AID 


Program 
for 
processing 
proper 
data 
values 
3C3D 
DBE4 
IN A 
3C3F 
EEFF 
XRI FF 
3C41 
57 
MOVD ,A 
3C42 
78 
MOVA,B 
3C43 
E6FF 
ANI FF 
3C45 
C21A3D 
JNZ Auto-Zero 
3C48 
C33D3D 
JMP Normal 
Note: 
All numerical 
values are hexadecimal 
representations. 
FIGURE 20. Software for Auto-Zeroed Differential AID 


; Clear 
carry 
; Shi ft 
"1" 
in B right 
one place 
; Is 
B zero? 
If 
yes 
last 
; approximation 
has been made 


; Set bit 
in 
C that 
is 
in 
same 
; position 
as "1" 
inB 


; Clear 
bi tin 
C that 
is 
in 
; same posi 
tion 
as "1" 
in 
B 
; then 
output 
new SAR code. 
; Open SW1, close 
SW2then 
; proceed 
wi th program. 
Preamp 
; is 
now zeroed. 


; Read AID data 
; Invert 
data 


; Is B Reg = O? If 
not 
stay 
; in 
auto 
zero 
subroutine 


5.3 Multiple AID Converters In a Z-SO\!) Interrupt Driven 
Mode (Continued) 


The following 
notes apply: 


1) It is assumed that the CPU automatically 
performs a RST 
7 instruction 
when a valid interrupt is acknowledged 
(CPU 
is in interrupt 
mode 1). Hence, the subroutine 
starting ad- 
dress of X0038. 


2) The address bus from the Z-80 and the data bus to the Z- 
80 are assumed 
to be inverted 
by bus drivers. 


3) AID 
data and identifying 
words will be stored in sequen- 
tial memory locations starting at the arbitrarily chosen ad- 
dress X 3EOO. 


4) The stack pointer 
must be dimensioned 
in the main pro- 
gram as the RST 7 instruction 
automatically 
pushes the 
PC onto the stack and the subroutine 
uses an additional 
6 stack addresses. 


5) The peripherals 
of concern 
are mapped 
into I/O space 
with the following 
port assignments: 


HEX PORT ADDRESS 
PERIPHERAL 


00 
MM74C374 
8-bit flip-flop 
01 
AID 1 


02 
AID 2 


03 
AID 3 


04 
AID 4 
05 
AID 5 


06 
AID 6 


07 
AID 7 


This port address also serves as the AID identifying 
word in 
the program. 


:;~ 
D:,J 


I 
- 
1m 
0a 
CI 
co 
IQi 
AID I 
a 
h 
OJ 
ill 
D1 
N 
all 
QI 
D4 
ClItllll 
...•. 


OATA~ 
• _74cm 
r--- 
» 
• 
• 
01 
C 
" 
017 
DI 
Dfl--- 
11lTIl 
0 


OUT,OJ 
CI 
DI 
a 
eLK 
DIS.O'~5'l/ 
1m 
AlD:J 
co 


':6-~' 


ill 
D1 
a 


CU.'III 
Co)...•.» 
11lTIl 
C 
CI 
DO 
0 
1m 
AID. 
a 
•• 
D1 
co 


ClI(IN 
a 
"" 
W1t 
Vl- 
...•. 


11lTIl 
» 
YO 
CI 
DO 
C 
1m 
AlDI 
0 
ID1I 
. 
" 


ill 
D1 
a 
ell.N 
coa 
IllIl 
• 
YO 
en 
0fII1US131 
11lTIl 


illIl 
e 
Vl 


~ 


CI 
DI 


1m 
AlOI 


11m 
.. 
Yl 
•• 
D1 


•••• 


eLKIIil 
] 
)c>-- 
Gl' 
VI 
- 
1m 
- 
] 
""b-- 
GI8 
YO 
CI 
lIlIl~ 
DO 


1m 
AID 1 ;,- 
•• 
r- 
CLKIN 
ge". 
;,:;JI,f 


TUH/5671-29 


LOC 
0038 
0039 
003A 
003B 
003E 
0040 
0042 
0044 
0045 
0046 
0048 
004B 
004C 
004D 
004E 
0051 
0052 
0055 
0057 
0059 
005A 
005B 
005C 
005D 
0060 
0061 
0062 
0063 


OBJCODE 
E5 
C5 
F5 
21003E 
OE01 
D300 
DBOO 
47 
79 
FE OS 
CA 6000 
78 
IF 
47 
DA5500 
OC 
C34500 
ED78 
EEFF 
77 
2C 
71 
2C 
C3 51 00 
Fl 
Cl 
El 
C9 


FIGURE 
21. Multiple 
A/Os 
with 
Z-80 Type 
Microprocessor 
INTERRUPT 
SERVICING 
SUBROUTINE 
SOURCE 
STATEMENT 
PUSHHL 
PUSHBC 
PUSHAF 
LD (HL) ,X3EOO 
LD C, XOl 
OUTXOO,A 
IN A, XOO 
LDB,A 
TEST 
LDA,C 
CP, X08 
JPZ, DONE 
LDA,B 
RRA 
LDB,A 
JPC, LOAD 
NEXT 
INC C 
JP,TEST 
LOAD 
INA, (C) 
XORFF 
LD (HL) ,A 
INCL 
LD(HL),C 
INCL 
JP,NEXT 
DONE 
POPAF 
POPBC 
POPHL 
RET 


COMMENT 
; Save contents 
of all 
registers 
affected 
by 
; thi s subrout 
ine. 
; Assumed INTmode 1 earlier 
set. 
; Initialize 
memory pointer 
where data will 
be stored. 
; Cregister 
will 
be port 
ADDRof AID converters. 
; Load peripheral 
status 
word into 
S-bit 
latch. 
; Load status 
word into 
accumulator. 
; Save the status 
word. 
; Test to see if the status 
of all 
AID' shave 
; been checked. 
If so, exit 
subroutine 


; Test a single 
bit 
in status 
word by looking 
for 


; a "1" to be rotated 
into 
the CARRY(an INT 


; is loaded 
as a"1"). 
If CARRYis set then load 
; contents 
of AIDat port ADDRin Cregister. 
; If CARRYis not set, 
increment 
Cregister 
to point 


;tonextA/D,thentestnextbitinstatusword. 
; Read data 
from interrupting 
AIDand invert 
; the data. 
; Store 
the data 


; Test next bit 
in status 
word. 
; Re-establish 
all 
registers 
as they were 
; before 
the interrupt. 


II) 
<:) 
~ 
Ordering Information 
(.) 


~"'.- 
<:) 
co 
B 
Q 
c( 
..... 
Cf)i8 
Q 
c("' 
C'I 
<:) 
~g 
c( 
......•.. 
<:) 
co 
<:) 
(.) 
Q 
c( 


TEMP RANGE 
O'CT070'C 
O'CTO 
70'C 
O'CTO 
70'C 
- 40'C TO + 85'C 


± 'I.Bit 
ADC0801LCN 


Adjusted 


ERROR 
±'/2 
Bit 
ADC0802LCWM 
ADC0802LCV 
ADC0802LCN 


Unadjusted 


±'/2 
Bit 
ADC0803LCWM 
ADC0803LCV 
ADC0803LCN 


Adjusted 


±1Bit 
ADC0804LCWM 
ADC0804LCV 
ADC0804LCN 
ADC0805LCN 


Unadjusfed 


PACKAGE 
OUTLINE 
M20B-Small 
Outline 
V20A-Chip 
Carrier 
N20A-Molded 
DIP 


TEMP RANGE 
- 40'C TO + 85'C 
-55'C 
TO t 125'C 


± 'I.Bit Adjusted 
ADC0801LCJ 
ADC0801LJ 


ERROR 
± '/2 Bit Unadjusted 
ADC0802LCJ 
ADC0802LJ, 


± '/2 Bit Adjusted 
ADC0803LCJ 
ADC0802LJ/883 


± 1Bit Unadjusted 
ADC0804LCJ 


PACKAGE 
OUTLINE 
J20A-Cavity 
DIP 
J20A-Cavity 
DIP 


ADC080X 


Dual-In-Llne 
and Small 
Outline 
(SO) Packages 
ADC080X 
Molded 
Chip Carrier 
(PCC) Package 


cs 


RD 


ViR 


ClKIN 


INTR 


VIN(· 
) 


VIN{-) 


AGND 


VREF/2 


DGND 


CLKR 


Vcc (OR VREr) 


cs 


RD 


ViR 


17 16 15 14 
13 


12 


11 


10 


9 


Vcc (OR VREF) 


CLKR 


DBO(LSB) 


DBl 


DB2 


DB3 


DB4 


DB5 


DB6 


DB7(MSB) 


DB5 


DB6 


DB7 (MSB) 


DGND 


VREF/2 


t!JNational 
Semiconductor 


ADC08081 ADC0809 8-Bit J-tP Compatible AID Converters 
with 8-Channel Multiplexer 


General Description 
The ADC0808, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con- 
verter, 8-channel multiplexer and microprocessor compati- 
ble control logic. The 8-bit AID converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes- 
sive approximation register. The 8-channel multiplexer can 
directly access any of 8-single-ended analog signals. 
The device eliminates the need for external zero and full- 
scale adjustments. Easy interlacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TIL TRI-STATE'!>outputs. 


The design of the ADC0808, ADC0809 has been optimized 
by incorporating the most desirable aspects of several AID 
conversion techniques. The ADC0808, ADC0809 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con- 
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For 16- 
channel multiplexer with common output (sample/hold port) 
see ADC0816 data sheet. (See AN-247 for more informa- 
tion.) 


Features 
• 
Easy interlace to all microprocessors 
• 
Operates ratiometrically or with 5 Voc or analog span 
adjusted voltage reference 
• 
No zero or full-scale adjust required 
• 
8-channel mUltiplexerwith address logic 
• 
OVto 5V input range with single 5V power supply 


• 
Outputs meet TIL voltage level specifications 
• 
Standard hermetic or molded 28-pin DIP package 


• 
28-pin molded chip carrier package 
• 
ADC0808 equivalent to MM74C949 
• 
ADC0809 equivalent to MM74C949-1 


Key Specifications 
• 
Resolution 
• 
Total Unadjusted Error 
• 
Single Supply 
• 
Low Power 
• 
Conversion Time 


8 Bits 
±Y2 LSB and ±1 LSB 
5 Voc 
15mW 
100 ,...s 


r.;;z;;---- 
I 
IIIII 


UITADDRESS{ 


ADDRESS 


lATCH ENABLE 


ADDRESS 


lATCH 
AID 
DECODER 
1 1 
Ycc '10 


TRI· 


STATE" 
OUTPUT 
lATCH 
BUffER 


See Ordering 
Information 


I 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Temperature 
Range (Note 1) 
TMIN,;;TA,;;TMAX 


please 
contact 
the 
National 
Semiconductor 
Sales 
ADCOBOBCJ 
-SS·C,;;TA';; 
+ 12S·C 
Office/Distributors 
for 
availability 
and 
specifications. 
ADCOBOBCCJ, ADCOBOBCCN, 


Supply Voltage 
(Vccl 
(Note 3) 
6.SV 
ADCOB09CCN 
-40·C,;;TA';; 
+BS·C 
Voltage 
at Any Pin 
-0.3Vto 
(VCC+0.3V) 
ADCOBOBCCV, ADCOB09CCV 
-40·C';; 
TA';; 
+BS·C 
Except 
Control 
Inputs 
Range of Vcc (Note 1) 
4.S VOC to 6.0 VOC 


Voltage 
at Control 
Inputs 
-0.3Vto 
+15V 


(START, 
OE, CLOCK, 
ALE, ADD A, ADD B, ADD C) 


Storage 
Temperature 
Range 
- 6S·C to + 1S0·C 


Package 
Dissipation 
at TA = 2S·C 
B7SmW 


Lead Temp. 
(Soldering, 
10 seconds) 
Dual-In-Line 
Package 
(plastic) 
260·C 
Dual-In-Line 
Package 
(ceramic) 
300·C 
Molded 
Chip Carrier 
Package 
Vapor Phase (60 seconds) 
21S·C 
Infrared 
(1S seconds) 
- 
220·C 


ESD Susceptibility 
(Note 11) 
400V 


Electrical Characteristics 
Converter 
Specifications: 
VCc=5 
VOC=VREF+, 
VREF(-)=GND, 
TMIN,;;TA,;;TMAX 
and 
fCLK=640 
kHz 
unless 
otherwise 
stated. 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


ADCOBOB 


Total Unadjusted 
Error 
2S·C 
±y. 
LSB 


(NoteS) 
TMINtoTMAX 
±% 
LSB 


ADCOB09 


Total Unadjusted 
Error 
0·Ct070·C 
±1 
LSB 


(Note S) 
TMINtoTMAX 
±1% 
LSB 


Input Resistance 
From Ref( +) to Ref( -) 
1.0 
2.S 
kO 


Analog 
Input Voltage 
Range 
(Note 4) V(+) 
orV(-) 
GND-0.10 
Vcc+0.10 
VOC 


VREF(+) 
Voltage, 
Top of Ladder 
Measured 
at Ref( + ) 
VCC 
VCc+0.1 
V 


VREF(+l+VREF(-l 
Voltage, 
Center of Ladder 
VCC/2-0.1 
Vcc/2 
Vcc/2+0.1 
V 
2 


VREF(-) 
Voltage, 
Bottom 
of Ladder 
Measured 
at Ref( - ) 
-0.1 
0 
V 


IIN 
Comparator 
Input Current 
fe = 640 kHz, (Note 6) 
-2 
±O.S 
2 
IJ-A 


Electrical Characteristics 
Digital 
Levels 
and 
DC 
Specifications: 
ADCOBOBCJ 
4.SV';;Vcc';;S.SV, 
- ss·c,;; TA';; + 12S·C 
unless 
otherwise 
noted 
ADCOBOBCCJ, ADCOBOBCCN, ADCOBOBCCV, ADCOB09CCN 
and ADCOB09CCV, 
4.7S,;;Vcc,;;S.2SV, 
-40·C,;;TA';; 
+ BS·C un- 
less otherwise 
noted 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


ANALOG 
MULTIPLEXER 


IOFF(+) 
OFF Channel 
Leakage 
Current 
VCc=SV, 
VIN=SV, 


TA=2S·C 
10 
200 
nA 


TMINtoTMAX 
1.0 
IJ-A 


IOFF(-) 
OFF Channel 
Leakage 
Current 
VCC=SV, 
VIN=O, 


TA=2S·C 
-200 
-10 
nA 


;, 
, 
TMIN to TMAX 
-1.0 
IJ-A 
. 


Electrical Characteristics 
(Continued) 
Digital 
Levels 
and 
DC 
Specifications: 
ADC0808CJ 
4.5V,;;Vce,;;5.5V, 
- 55'C';; TA';; + 125'C 
unless 
otherwise 
noted 


ADC0808CCJ, 
ADC0808CCN, 
ADC0808CCV, 
ADC0809CCN 
and ADC0809CCV, 
4.75,;;Vcc,;;5.25V, 
-40'C';;TA';; 
+ 85'C 
un- 


less otherwise 
noted 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


CONTROL 
INPUTS 
.. 


VIN(1) 
Logical 
"1" 
Input Voltage 
Vcc-1.5 
V 


VIN(O) 
Logical 
"0" 
Input Voltage 
1.5 
V 


IIN(1) 
Logical 
"1" 
Input Current 


I 
VIN=15V 
1.0 
/-'A 


(The Control 
Inputs) 


IIN(O) 
Logical 
"0" 
Input Current 
V'N=O 
-1.0 
/-'A 
(The Control 
Inputs) 


Ice 
Supply Current 
ICLK = 640 kHz 
0.3 
3.0 
mA 


DATA 
OUTPUTS 
AND EOC (INTERRUPT) 


VOUT(1) 
Logical 
"1" 
Output Voltage 
10=-360/-,A 
Vcc-0.4 
V 


VOUT(O) 
Logical 
"0" 
Output Voltage 
10=1.6mA 
0.45 
V 


VOUTlO) 
Logical 
"0" 
Output Voltage 
EOC 
10=1.2 
mA 
0.45 
V 


lOUT 
TRI-STATE 
Output Current 
VO=5V 
3 
/-'A 
VO=O 
-3 
/-'A 
Electrical Characteristics 
Timing 
Specifications 
VCC=VREF(+)=5V, 
VREF(-)=GND, 
tr=tl=20 
ns and TA=25'C 
unless 
otherwise 
noted. 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


tws 
Minimum 
Start Pulse Width 
(Figure 5) 
100 
200 
ns 


tWALE 
Minimum 
ALE Pulse Width 
(Figure 5) 
100 
200 
ns 


ts 
Minimum 
Address 
Set-Up 
Time 
(Figure 5) 
25 
50 
ns 


tH 
Minimum 
Address 
Hold Time 
(Figure 5) 
25 
50 
ns 


to 
Analog 
MUX Delay Time 
Rs = on (Figure 5) 
1 
2.5 
/-,S 


From ALE 


tH1. tHO 
OE Control 
to Q Logic State 
CL =50 
pF, RL = 10k (Rgure8) 
125 
250 
ns 


t1H, toH 
OE Control 
to Hi-Z 
CL = 10 pF. RL = 10k (Figure 8) 
125 
250 
ns 


Ie 
Conversion 
Time 
Ie = 640 kHz, (Figure 5) (Note 7) 
90 
100 
116 
/-,S 


Ie 
Clock Frequency 
I 
10 
640 
1280 
kHz 


tEOC 
EOC Delay Time 
I 
(Figure 5) 
0 
8+2/-'S 
Clock 
Periods 


CIN 
Input Capacitance 
At Control 
Inputs 
10 
15 
pF 


COUT 
TRI-STATE 
Output 
AlTRI-STATE 
Outputs, 
(Note 12) 
10 
15 
pF 
Capacitance 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 


the device beyond its specified 
operating conditions. 


Note 2: All voltages are measured with respect to GNDt unless othewise 
specified. 


Note 3: A zener diode exists, internally, from Vcc to GND and has a typ;cal breakdown 
voltage of 7 Voc. 


Note 4: Two on-chip 
dtodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greaterthanthe Vcen supply.The specallows100mVforwardbiasof eitherdiode.Thismeansthatas longasthe analogV,N doesnot exceedthe supplyvo~age 
by more than 100 mY, the output code will be correct. To achieve an absolute OVoc to SVoc input voltage range will therefore 
require a minimum supply voltage of 
4.900Vex:overtemperaturevariations,initialtoleranceand loading. 


Note 
5: Total unadjusted 
error includes offset, full·scale, 
linearity, and multiplexer 
errors. see Figure 3. None of these AIDs 
requires a zero or full-scale 
adjust. 


However, 
if an all zero code is desired for an analog input other than O.OV,or if a narrow full-scale span exists (for example: O.SV to 4.5V full-scale) the reference 
vol1agescan be adjustedto achievethis. See Figure 13. 
Notal: Comparator 
input current is a bias current into or out of the chopper stabilized comparator. 
The bias current varies directly with clock frequency 
and has 
_ 
-"--lure 
dependance(FIgIKII 6). Sse paragraph4.0. 


Note 7: The 0Ulputa of the data reglaterare updatedone clock cycle befotethe riling edgeof EOC. 
Note I: Humanbody model,100pF dllctwved through. 1.5kn _or. 
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ed analog 
signal 
multiplexer. 
A particular 
input 
channel 
is 
selected 
by using the address 
decoder. 
Table 
I shows 
the 
input states for the address 
lines to select any channel. 
The 
address 
is latched 
into the decoder 
on the low-to-high 
tran- 
sition 
of the address 
latch enable 
signal. 


TABLE 
I 


SELECTED 
ADDRESS 
LINE 


ANALOG 
CHANNEL 
C 
B 
A 


INO 
L 
L 
L 


IN1 
L 
L 
H 


IN2 
L 
H 
L 


IN3 
L 
H 
H 


IN4 
H 
L 
L 


IN5 
H 
L 
H 


IN6 
H 
H 
L 


IN? 
H 
H 
H 


The Converter 


The heart of this single chip data acquisition 
system 
is its 8- 
bit 
analog-to-digital 
converter. 
The 
converter 
is designed 


. 


256R 
:. 


wide 
range 
of temperatures. 
The 
converter 
is partitioneo 
into 3 major sections: 
the 256R ladder 
network, 
the succes- 
sive approximation 
register, 
and the comparator. 
The con- 
verter's 
digital 
outputs 
are positive 
true. 


The 256R 
ladder 
network 
approach 
(Figure 
1) was chosen 
over the conventional 
R/2R 
ladder 
because 
of its inherent 
monotonicity, 
which 
guarantees 
no 
missing 
digital 
codes. 


Monotonicity 
is particularly 
important 
in closed 
loop 
feed- 
back 
control 
systems. 
A non-monotonic 
relationship 
can 
cause 
oscillations 
that will be catastrophic 
for the system. 


Additionally, 
the 256R 
network 
does 
not cause 
load varia- 


tions on the reference 
voltage. 


The bottom 
resistor 
and the top resistor 
of the ladder 
net- 
work in Figure 
1 are not the same value as the remainder 
of 
the 
network. 
The 
difference 
in these 
resistors 
causes 
the 
output 
characteristic 
to be symmetrical 
with 
the 
zero 
and 
full-scale 
points 
of the transfer 
curve. 
The first output 
tran- 
sition occurs 
when the analog 
signal has reached + % LSB 
and succeeding 
output 
transitions 
occur 
every 
1 LSB later 


up to full-scale. 


The successive 
approximation 
register 
(SAR) performs 
8 it- 


erations 
to approximate 
the input voltage. 
For any SAR type 
converter, 
n-iterations 
are required 
for an n-bit 
converter. 


Figure 2 shows 
a typical 
example 
of a 3-bit converter. 
In the 
ADC0808, 
ADC0809, 
the 
approximation 
technique 
is ex- 


tended 
to 8 bits using the 256R 
network . 


TO 
COMPARATOR 
INPUT 


\"v} pUlse. I ne conversion IS oegun on me lailing eoge 01 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. Con- 
tinuous conversion may be accomplished by tying the end- 
of-conversion (EOC) output to the SC input. If used in this 
mode, an external start conversion pulse should be applied 
after power up. End-of-conversion will go low between 0 
and 8 clock pulses after the rising edge of start conversion. 


The most important section of the AID 
converter is the 


comparator. It is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the 


III 
t-FULL.SCALE 


II. 
-" 
ERROR = IIZ LSB 


... 
101 
Cl 
Clu 
I•• 
.. 
::>e: 
Oil 
::> 
Cl 
Cl 
.1. 
C 


lIB 
21B 31B 
41B 
SIB 
61B JIB 


VIN AS FRACTION OF FULL·SCALE 


provloes the most effective method of satisfying all the con- 
verter requirements. 
The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed throught a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire AID 
converter extremely 


insensitive to temperature, long term drift and input offset 
errors. 


Figure 4 shows a typical error curve for the ADC0808 as 
measured using the procedures outlined in AN-179. 


INFINITE RESOLUTION 


III 
PERFECT CONVERTER 


II• 
... 
I 
Cl 
Cl 
101 
.J 
u.. 100 
L-1 LSB 
::>e: 
ABSOLUTE 
::> 
Oil 
ACCURACY 
Cl 
Cl 
010 
~ 
-IIZ 
LSB 
C 
OUANTIZATION 
001 
ERROR 


000 
0/8 
lIB 
21B 3/8 
41B 
SIB 61B JIB 


VIN AS FRACTION OF FULL·SCALE 


QUANTIZING { 
ERROR 


INPUT 
OV 


VOLTAGE 


tNO 
2-4 


IN1 
2-8LSB 


IN2 
VREf(-) 


IN3 
2-6 


IN4 
2-7 


IN5 
GND 


IN6 
VREf(+) 


IN3 
1 
28 
IN2 


IN4 
2 
27 
INI 


IN5 
3 
26 
INO 


IN6 
4 
25 
ADD A 


tN7 
5 
24 
ADD B 


START 
6 
23 
ADD C 


EOC 
7 
22 
ALE 


2-5 
8 
21 
2-1t,lSB 


OUTPUTENABLE 
9 
20 
2-2 


CLOCK 
10 
19 
2-3 


VCC 
11 
18 
2-4 


VREF(+) 
12 
17 
2-8LSB 


GND 
13 
16 
VREf(-} 


2-7 
14 
15 
2-6 
" 
•... u'" 
~ ~ ~ 
~ '" 
fa 
~ 
~ 


CD 
> 
.. 
z 
u 
.... 
!5 
5 
0 
TLiH/5672-11 
Order 
Number 
ADC0808CCN, 
ADC0809CCN, 
ADC0808CCJ 
or ADC0808CJ 
See NS Package 
J28A 
or N28A 


TLiH/5672-12 
Order 
Number 
ADC0808CCV 
or ADC0809CCV 
See NS Package 
V28A 


Timing Diagram 
r-In-j 


COMPARATOR 
IIlI'UT 


(INTERNAL 
NODEI 


DUT.UTS 
~R!.!T~E 
-{•• 
}- 


~ 
0.5 
~..•c.. 
ii:~ 
-0.5 


1.Z5 
2.5 
3.15 


VIN (V) 


FIGURE 
6. Comparator 
IIN vs VIN 


(VCC=VREF=5V) 


1.25 
2.5 
3.15 


VIN (V) 


FIGURE 
7. Multiplexer 
RON vs VIN 


(VCC=VREF=5V) 


Vee 
OUTPUT 
ENABLE 


VOH~~IH 


OUTPUT 
" 
~ 


GNO ------- 


tOH. tHO 
tOH. CL = 10 pF 
tHO. CL = 50 pF 


vee 
vec 
vee 
OUTPUT 
10k 
ENABLE 
GNO 


OUTPUT 


.w{ 


ENABLE 
=.t? 
CL 
Vcc 
-- 
T 


OUTPUT 


VOL 
10% 
':' 


TlIH/5672-6 


FIOURES 
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Applications 
Information 


OPERATION 


1.0 RATIOMETRIC 
CONVERSION 


The ADC0808, 
ADC0809 
is designed 
as a complete 
Data 


Acquisition 
System 
(DAS) 
for 
ratiometric 
conversion 
sys- 


tems. 
In ratiometric 
systems, 
the 
physical 
variable 
being 


measured 
is expressed 
as a percentage 
of full-scale 
which 


is not necessarily 
related 
to an absolute 
standard. 
The volt- 


age input to the ADC0808 
is expressed 
by the equation 


~ 
Ox 


Vls-VZ 
DMAX-DMIN 


VIN = Input voltage 
into the ADC0808 


VIs = Full-scale 
voltage 


Vz = Zero voltage 


Ox = Data point being 
measured 


DMAX=Maximum 
data limit 


DMIN = Minimum 
data limit 


A good example 
of a ratiometric 
transducer 
is a potentiome- 


ter used 
as a position 
sensor. 
The position 
of the wiper 
is 


directly 
proportional 
to the output 
voltage 
which 
is a ratio of 


the full-scale 
voltage 
across 
it. Since the data is represent- 


ed as a proportion 
of full-scale, 
reference 
requirements 
are 


greatly 
reduced, 
eliminating 
a large source 
of error and cost 


for many applications. 
A major advantage 
of the ADC0808, 


ADC0809 
is that the input voltage 
range is equal to the sup- 


ply 
range 
so 
the 
transducers 
can 
be 
connected 
directly 


across 
the supply 
and their outputs 
connected 
directly 
into 


the multiplexer 
inputs, 
(Figure 
9). 


Ratiometric 
transducers 
such 
as 
potentiometers, 
strain 
gauges, 
thermistor 
bridges, 
pressure 
transducers, 
etc., are 


suitable 
for measuring 
proportional 
relationships; 
however, 


many types 
of measurements 
must be referred 
to an abso- 


lute standard 
such as voltage 
or current. 
This means 
a sys- 


tem 
reference 
must 
be 
used 
which 
relates 
the 
full-scale 


voltage 
to 
the 
standard 
volt. 
For 
example, 
if 


VCC=VREF=5.12V, 
then the full-scale 
range is divided 
into 


256 
standard 
steps. 
The 
smallest 
standard 
step 
is 1 LSB 


which 
is then 20 mY. 


2.0 RESISTOR 
LADDER 
LIMITATIONS 


The voltages 
from 
the resistor 
ladder 
are compared 
to the 


selected 
into 8 times 
in a conversion. 
These 
voltages 
are 


coupled 
to the comparator 
via an analog 
switch 
tree which 


is referenced 
to the supply. 
The voltages 
at the top, center 


and 
bottom 
of the 
ladder 
must 
be controlled 
to 
maintain 


proper 
operation. 


The top of the ladder, 
Ref( +), should 
not be more 
positive 


than 
the 
supply, 
and 
the 
bottom 
of 
the 
ladder, 
Ref( -), 


should 
not be more negative 
than ground. 
The center 
of the 


ladder 
voltage 
must also 
be near the center 
of the supply 


because 
the 
analog 
switch 
tree 
changes 
from 
N-channel 


switches 
to P-channel 
switches. 
These 
limitations 
are auto- 


matically 
satisfied 
in ratiometric 
systems 
and can be easily 


met in ground 
referenced 
systems. 


Figure 
10 shows 
a ground 
referenced 
system 
with a sepa- 


rate supply 
and reference. 
In this system, 
the supply 
must 


be trimmed 
to match 
the reference 
voltage. 
For instance, 
if 


a 5.12V is used, the supply 
should 
be adjusted 
to the same 


voltage 
within 
O.lV. 


DIGITAL 
OUTPUT 
PROPORTIONAL 
TO ANALOG 
INPUT 


'nO 
REFH 


GND 


VIN 
VIN 
QOUT= 
VREF· 
vcc 


4.75V svcc = VREFs5.25V 


• Ratlometrlc 
tranlducers 


Applications 
Information 
(Continued) 


The ADC0808 needs less than a milliamp of supply current 
so developing the supply from the reference is readily ac- 
complished. In Figure 
11 a ground referenced system is 


shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to supply 
the milliamp of supply current and the desired bus drive, or if 
a capacitive bus is driven by the outputs a large capacitor 
will supply the transient supply current as seen in Figure 
12. 


The LM301 is overcompensated to insure stability when 
loaded by the 10 ,..F output capacitor. 


The top and bottom ladder voltages cannot exceed Vcc 
and ground, respectively, but they can be symmetrically less 
than Vcc and greater than ground. The center of the ladder 
voltage should always be near the center of the supply. The 
sensitivity of the converter can be increased, (Le., size of 
the LSB steps decreased) by using a symmetrical reference 
system. In Figure 
13, a 2.5V reference is symmetrically cen- 


tered about Vcc/2 since the same current flows in identical 
resistors. This system with a 2.5V reference allows the LSB 
bit to be half the size of a 5V reference system. 


VCC 


MSB 


REF(.) 


In7 
DOUT 
·•· 
InO 


REFH 
lSB 


GND 


DIGITAL 
OUTPUT 
REFERENCED 
TO 
GRDUNO 


QOUT=~ 
VREF 


4.75V 
,;; Vcc 
~ 
VREF 
,;; 5.25V 


FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 


DIGITAL 
OUTPUT 
REFERENCED 
TO 
GROUND 


QOUT~~ 
YREF 


4.75V 
,;; Vee 
= YREF 
,;; 5.25V 


FIGURE 11:Ground Referenced Conversion System with 
Reference Generating Vcc Supply 
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Applications 
Information 
(Continued) 


10-15 Voe 


Vee 


REF(.) 


REFl-) 


FIGURE 
12. Typical 
Reference 
and Supply 
Circuit 


Vee 


3.75V 
REF(.' 


DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
1.25V $ VIN $ 3.75V 


Ino 


1.25V 
REF(-) 


RS 
GNO 


':' 


3.0 CONVERTER 
EQUATIONS 


The transition 
between 
adjacent 
codes 
Nand 
N + 1 is given 


by: 


V'N~ 
{(VREF(+)-VREF(-I)[2~6 
+ 5~2] 
±VruE} 
+VREFI-) 


The center 
of an output 
code 
N is given 
by: 


V,N { (VREF(+) - VREF( -)) [2~6] 
± VruE } + VREF(-) 
(3) 


The 
output 
code 
N for an arbitrary 
input 
are the 
integers 


within 
the range: 


N 
VIN-VREF(-) 
x256±AbsoluteAccuracy 
VREFI+)-VREF(-) 


where: 
V,N = Voltage 
at comparator 
input 


VREF(+) =Voltage 
at Ref(+) 


VREF(-) =Voltage 
at Ref(-) 


VTUE = Total 
unadjusted 
error voltage 
(typically 


VREF(+)+512) 


FIGURE 
13. Symmetrically 
Centered 
Reference 


4.0 ANALOG 
COMPARATOR 
INPUTS 


The dynamic 
comparator 
input current 
is caused 
by the peri- 


odic 
switching 
of 
on-chip 
stray 
capacitances. 
These 
are 


connected 
alternately 
to the output 
of the resistor 
ladder / 


switch 
tree network 
and to the comparator 
input as part of 


the operation 
of the chopper 
stabilized 
comparator. 


The 
average 
value 
of the 
comparator 
input 
current 
varies 


directly 
with clock 
frequency 
and with V'N as shown 
in Fig- 


ure6. 


If no filter capacitors 
are used at the analog 
inputs 
and the 


signal 
source 
impedances 
are 
low, 
the 
comparator 
input 


current 
should 
not introduce 
converter 
errors, 
as the tran- 


sient 
created 
by the capacitance 
discharge 
will die out be- 


fore the comparator 
output 
is strobed. 


If input filter capacitors 
are desired 
for noise 
reduction 
and 


signal conditioning 
they will tend to average 
out the dynamic 


comparator 
input current. 
It will then take on the character- 
istics 
of a DC bias current 
whose 
effect 
can 
be predicted 


conventionally. 


500 kHz 


5,000V 


O,OOOV 


elK 


VREF(+) 


VREF(-) 
mJim 
llrnlll1 
(AD4-AD15)* 


VIN8 
} 


0-5V 
ANAlDG 
INPUT RANGE 


VIN 1 


PROCESSOR 
READ 
WRITE 
INTERRUPT 
(COMMENT) 


8080 
MEMR 
MEMW 
INTR (Thru RST Circuit) 


8085 
RD 
WR 
INTR (Thru RST Circuit) 


2-80 
RD 
WR 
INT (Thru RST Circuit, Mode 0) 


SC/MP 
NRDS 
NWDS 
SA (Thru Sense A) 


6800 
VMAecP2eR/W 
VMAecPeR/W 
IRQA or IRQB (Thru PIA) 


TEMPERATURE 
RANGE 
-40"Cto 
+ 85°C 
-55°C 
to + 125°C 


Error 
± V. LSB Unadjusted 
ADC0808CCN 
ADC0808CCV 
ADC0808CCJ 
ADC0808CJ 


± 1 LSB Unadjusted 
ADC0809CCN 
ADC0809CCV 


Package 
Outline 
N28A Molded 
DIP 
V28A Molded 
Chip Carrier 
J28A Ceramic 
DIP 
J28A Ceramic 
DIP 


ADC0811 8-Bit Serial I/O A/D Converter 
With 11-Channel Multiplexer 


General Description 


The 
ADC0811 
is an 8-Bit 
successive 
approximation 
AID 


converter 
with simultaneous 
serial I/O. The serial input con- 
trols 
an 
analog 
multiplexer 
which 
selects 
from 
11 
input 


channels 
or an internal 
half scale test voltage. 


An 
input 
sample-and-hold 
is implemented 
by a capacitive 


reference 
ladder and sampled 
data comparator. 
This allows 


the input signal to vary during the conversion 
cycle. 


Separate 
serial 
I/O and conversion 
clock 
inputs 
are provid- 


ed to facilitate 
the interface 
to various 
microprocessors. 


Features 


• 
Separate 
asynchronous 
converter 
clock 
and serial 
data 


I/O 
clock. 


• 
11-Channel 
multiplexer 
with 4-Bit serial address 
logic. 


• 
Built-in 
sample 
and hold function. 


• 
Ratiometric 
or absolute 
voltage 
referencing. 


• 
No zero or full-scale 
adjust 
required. 


• 
Internally 
addressable 
test voltage. 


• 
OV to 5V input range 
with single 
5V power 
supply. 


• 
TTl/MOS 
input/output 
compatible. 


• 
0.3" 
standard 
width 
20-pin 
dip 
or 20-pin 
molded 
chip 


carrier 


Key Specifications 


• 
Resolution 
• 
Total 
unadjusted 
error 


• 
Single 
supply 


• 
low 
Power 
• 
Conversion 
Time 


8-Bits 
± Y.lSB 
and ± 1lSB 


5VDC 
15mW 


321'-S 


Connection Diagrams 


Dual-In-Line 
Package 


CHO 
20 
Vcc 


CHI 
19 
Q>2CLX 


CH2 
18 
SClK 


CH3 
17 
01 


CH4 
16 
DO 


CH5 
15 
cs 


CH6 
14 
VREF 


CH7 
13 
AGNO 


CH8 
12 
CH10 


GNO 
10 
11 
CH9 


Top View 
TL/H/5587 
-1 


Molded 
Chip Carrier 
(PCC) Package 


SCLX 
DI 
DO 
CS 
V'" 


Functional Diagram 


Vcc 
120 


ADDRESS 
LATCH AND 
DECODER 
CONTROL 
AND 
TIMING 


ANALOG 
INPUT 
MUX 


Q>'ClK 
AGNO 


VCC 
20 
12 
CH10 


CHO 
11 
CH9 
VrEST 


CHI 
10 
GNO 
110 
J13 


CH2 
CH8 
GND 
AGNO 


CH3 
CH4 
CH5 
CH6 
CH7 


Top View 
TLIH/5587-2 


Order 
Number 
ADC0811J,N,V 


see 
NS Package. 
J20A, 
N20A, V20A 


U•• 
Ordering 
Information 


2-62 


please 
contact 
the 
National 
Semiconductor 
Sales 
Dual-In-Line 
Package 
(plastic) 
~ou-\." 


Office/Distributors 
for 
availability 
and 
specifications. 
Dual-In-Line 
Package 
(ceramic) 
300'C 


Supply Voltage 
(Vecl 
6.5V 
Molded 
Chip Carrier 
Package 


Voltage 
Vapor Phase (60 seconds) 
215'C 


Inputs and Outputs 
-0.3VtoVee 
+0.3V 
Infrared 
(15 seconds) 
220'C 


Input Current 
Per Pin (Note 3) 
±5mA 
ESD Susceptibility 
(Note 11) 
2000V 


Total Package 
Input Current 
(Note 3) 
±20mA 
Operating Ratings (Notes 
1 & 2) 
Storage 
Temperature 
- 65'C to + 150'C 


Package 
Dissipation 
at TA = 25'C 
875mW 
Supply Voltage 
(Vecl 
4.5 VDe to 6.0 VDe 


Temperature 
Range 
TMIN,,;TA,,;TMAX 


ADC0811 BCN, ADC0811CCN 
0'C,,;TA,,;70'C 


ADC0811BCV 
-40'C,,;TA,,;85'C 


ADC0811CCJ, 
ADC0811CCV 
-40·C,,;TA,,;85·C 


Electrical Characteristics 
The following 
specifications 
apply for Vee 
= 
4.75V to 5.25V, VREF = 
+4.6V 
to (Vee 
+ 
0.1V), 
4>2 eLK = 
2.097 
MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
from 
T MIN to T MAX; all other 
limits TA = 
TJ = 
25·C. 


ADC0811CCJ 
ADC0811 
BCN, ADC0811 
BCV 
ADC0811CCN, 
ADC0811CCV 


Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 
Typical 
Limit 
Limit 
Typical 
Limit 
Limit 
(Note 
6) 
(Note 
7) 
(Note 
8) (Note 
6) 
(Note 
7) 
(Note 
8) 


CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 


Maximum 
Total 
VREF= 5.00 VDe 
Unadjusted 
Error 
(Note 4) 


~. 


ADC0811BCN,ADC0811BCV 
±% 
±% 
LSB 
ADC0811CCN, 
ADC0811CCV 
±1 
±1 
LSB 
ADC0811CCJ 
±1 
LSB 


Minimum 
Reference 
8 
5 
8 
5 
kD. 
Input Resistance 


Maximum 
Reference 
8 
11 
8 
11 
11 
kD. 
Input Resistance 


Maximum 
Analog 
Input Range 
(Note 5) 
VCC+0•05 
Vee+0.05 
VCC+0.05 
V 


Minimum 
Analog 
Input Range 
GND-0.05 
GND-0.05 
GND-0.05 
V 


On Channel 
Leakage 
Current 
ADC0811 BCJ, CCJ, BCN, CCN, 
On Channel = 5V 
1000 
400 
1000 
nA 
BCV,CCV 
Off Channel = OV 
ADC0811 CJ, BJ 
1000 
nA 


ADC0811 BCJ, CCJ, BCN, CCN, 
On Channel = OV 
-1000 
-400 
-1000 
nA 
BCV,CCV 
Off Channel = 5V 
ADC0811BJ,CJ 
(Note 9) 
-1000 
nA 


Off Channel 
Leakage 
Current 
ADC0811 BCJ, CCJ, BCN, CCN, 
On Channel = 5V 
-1000 
-400 
1000 
nA 
BCV,CCV 
Off Channel = OV 
ADC0811CJ, 
BJ 
-1000 
nA 


ADC0811 BCJ, CCJ, BCN, CCN, 
On Channel = OV 
1000 
400 
1000 
nA 
BCV,CCV 
Off Channel = 5V 
ADC0811BJ,CJ 
(Note 9) 
1000 
nA 


Minimum 
VTEST 
VREF=Vee, 
(Note 10) 
Internal 
Test Voltage 
CH 11 Selected 
125 
125 
125 
Counts 


Maximum 
VTEST 
VREF=Vee, 
(Note 10) 
Internal 
Test Voltage 
CH 11 Selected 
130 
130 
130 
Counts 


Electrical Characteristics 
The following 
specifications 
apply for VCC = 
4.7SV to S.2SV. VREF = 
+4.6V 
to (VCC + 
O.W). 
</>2CLK = 
2.097 
MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
from 
TMIN to TMAX; all other 
limits TA = 
TJ = 
2S·C. (Continued) 


ADC0811CCJ 
ADC0811BCN, 
ADC0811BCV 


ADC0811CCN, 
ADC0811CCV 


Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 


Typical 
Limit 
Limit 
Typical 
Limit 
Limit 
(Note 
6) 
(Note 
7) 
(Note 
8) 
(Note 
6) 
(Note 
7) 
(Note 
8) 


DIGITAL 
AND DC CHARACTERISTICS 


VIN(1). Logical 
"1" 
Input 
Vcc=S.2SV 
2.0 
2.0 
2.0 
V 
Voltage 
(Min) 


VIN(O). Logical 
"0" 
Input 
Vcc=4.7SV 
0.8 
0.8 
0.8 
V 
Voltage 
(Max) 


IIN(1). Logical 
"1" 
Input 
VIN=S.OV 
O.OOS 
2.5 
O.OOS 
2.S 
2.5 
/-LA 
Current 
(Max) 


IIN(O).Logical 
"0" 
Input 
VIN=OV 
-O.OOS 
-2.5 
-O.OOS 
2.S 
-2.5 
/-LA 
Current 
(Max) 


VOUr(1). Logical 
"1" 
Vcc=4.7SV 


Output Voltage 
(Min) 
lour= 
-360 
/-LA 
2.4 
2.4 
2.4 
V 


'our=-10/-LA 
4.5 
4.S 
4.5 
V 


Vour(o). 
Logical 
"0" 
Vcc=S.2SV 
0.4 
0.4 
0.4 
V 
Output Voltage 
(Max) 
lour=1.6mA 


lour. 
TRI-STATEOutput 
Vour=OV 
-0.01 
-3 
-0.01 
-3 
-3 
/-LA 
Current 
(Max) 
Vour=SV 
0.01 
3 
0.01 
3 
3 
/-LA 


ISOURCE. Output 
Source 
Vour=OV 
-12 
-6.5 
-14 
-6.S 
-6.5 
mA 
Current 
(Min) 


ISINK. Output 
Sink Current 
(Min) 
Vour=Vcc 
18 
8.0 
16 
8.0 
8.0 
mA 


Icc. Supply Current 
(Max) 
~=1. 
VREFOpen 
1 
2.5 
1 
2.S 
2.5 
mA 


IREF(Max) 
VREF=5V 
0.7 
1 
0.7 
1 
1 
mA 


AC CHARACTERISTICS 


Tested 
Design 
Parameter 
Conditions 
Typical 
Limit 
Limit 
Units 


(Note 
6) 
(Note 
7) 
(Note 
8) 


</>2CLK. </>2Clock Frequency 
MIN 
0.70 
1.0 
MHz 
- 
MAX 
3.0 
2.0 
2.1 


SCLK. Serial Data Clock 
MIN 
5.0 
KHz 
Frequency 
- 
MAX 
700 
S25 
525 


TC. Conver~ion 
Process 
Time 
MIN 
Not Including 
MUX 
48 
48 
</>2cycles 


- 
Addressing 
and 


MAX 
Analog 
Input 
64 
64 
Sampling 
Times 


tACC. Access 
Time Delay From CS 
MIN 
1 
</>2cycles 
- 


Falling Edge to DO Data Valid 
MAX 
3 


tSET-UP. Minimum 
Set-up Time of ~ 
Falling 
1 


4/</>2CLK+--- 
sec 
Edge to SCLK Rising Edge 
2SCLK 


tH~. 
~ 
Hold Time After the Falling 
0 
ns 
Edge ofSCLK 


t~. 
Total ~ 
Low Time 
~ 


t •• t.up + 8/ScLK 
sec 


MAX 
t~(mln) 
+ 48!</>2CLK 
sec 


tHOI. Minimum 
01 Hold Time from 
0 
0 
ns 
ScLK Rising Edge 


tHDO. Minimum 
DO Hold Time from SCLK 
RL =30k. 
10 
ns 
Falling Edge 
CL =100 
pF 


Electrical Characteristics 
The following 
specifications 
apply for Vcc 
= 
4.75V to 5.25V. VAEF = 
+4.6V 
to (Vcc 
+ 
0.1V), 
</>2 CLK = 
2.097 
MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
from 
TMIN to TMAX; all other 
limits TA = 
TJ = 
25'C. 
(Continued) 


Typical 
Tested 
Design 


Parameter 
Conditions 
Limit 
Limit 
Units 
(Note 
6) 
(Note 
7) 
(Note 
8) 
. 
.. 


tSDI. Minimum 
01 Set-up Time to SCLK 
200 
400 
ns 
Rising Edge 


tDDO. Maximum 
Delay From SCLK 
RL =30k. 
<' 


180 
Falling Edge to DO Data Valid 
CL =100 
pF 
t 


400 
400 
ns 


tTAI. Maximum 
DO Hold Time. 
RL =3k, 


(CS Rising edge to DO 
CL =100 
pF 
90 
150 
150 
ns 
TRI-STATE) 
I: 
. 


tCA. Analog 
After Address 
Is Latched 
4/SCLK+ 
1 JJ-s 
Sampling 
Time 
CS=Low 
see 


tADO. Maximum 
DO 
RL =30 
kil. 
"TRI-STATE" 
to "HIGH" 
State 
75 
150 
150 
ns 
Rise Time 
I 
CL =100 
pf 
"LOW" 
to "HIGH" 
State 
150 
300 
300 


tFDO. Maximum 
DO 
.' 
RL =30 
kil. 
"TRI-STATE" 
to "LOW" 
State 
75 
150 
150 
ns 
Fall Time 
CL=100pf 
"HIGH" 
to "LOW" 
State 
150 
300 
300 


CIN. Maximum 
Input 


~I 
Analog 
Inputs. ANO-AN10 
and VAEF 
11 
55 
pF 
Capacitance 
All Others 
5 
15 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specified 
operating 
conditions. 


Note 2: All voltages 
are measured with respect to ground. 


Note 3: Under over voltage conditions 
(VIN <OV and VIN> Vcd the maximum input current at anyone 
pin is ± 5 mA. If the voltage at more than one pin exceeds 
Vcc + .3V the total package current must be limited to 20 mA. For example the maximum number 01 pins that can be over driven at the maximum current level of 
±5 mA is four. 


Note 4: Total unadjusted 
error includes offset, full~scale, linearity, multiplexer, 
and hold step errors. 


Note 5: Two on-chip diodes are tied to each analog input, which will forward-conduct 
for analog input voltages 
one diode drop below ground or one diode drop 
greater than Vcc supply. Be careful during testing at low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct, especially 
at 
elevated 
temperatures, 
and cause errors for analog inputs near full-scale. 
The spec allows 50 mV forward bias of either diode. This means that as long as the 
analog VIN does not exceed the supply voltage by more than 50 mY, the output code will be correct. To achieve an absolute 0 Voc to 5 Voc input voltage range will 
therefore 
require a minimum supply voltage of 4.950 Voc over temperature 
variations, 
initial tolerance 
and loading. 


Note 6: Typicals are at 25°C and represent 
most likely parametric 
norm. 


Note 7: Guaranteed 
and 100% production 
tested under worst case condition. 


Note 8: Guaranteed, 
but not 100% production 
tested. These limits are not used to calculate 
outgoing quality levels. 


Note 9: Channel leakage current is measured after the channel selection. 


Note 
10: 1 count = VREF/256. 


Note 
11: Human body model. 100 pF discharged 
through a 1.5 kll resistor. 
• 


Test Circuits 
(Continued) 
i~r, 
.'f'" 


tTRI "TRI-STATE" 


TEST 
POINT 
5.0V! 
AOC081100 
Rl}-J 


'I 


Tl/H/5587-22 


Typical Performance 
Characteristics 


Unadjusted 
Offset 
Error 
vs 
Linearity 
Error 
vs 
VREF 
Output 
Current 
vs 


VREF 
Voltage 
Voltage 
Temperature 
16 
r= 
V1M(+)=OV 
1.5 
4>2-2.1 MH2 
25 
..I 
Vcc:-5Yoc 
i 
14 
I- 
Yus=2 mY 
1.25 
_ ~cu<= 525 kH2 
"- 


IIIMKYuUT=5V 
,.. 
I- 
1 
20 


-Ill! 12 
iD 
Yce=5V 
I- 
.. 
T.=25'C 
~ 
~ 


:.. 
1.0 
15 
" 
10 
.. 
15 
... 
~ 
.. 
~OC£ 
VoUT_,OV 
...••..•.• 
• 
I- 
55 0.75 
.. 
~ 
::> 
I- 
~ 
.. 
10 
.. 
6 


~ 


\ 
.. 


a 
! 0.5 , 
~ 
I_VoUT=~.4Y 


4 
z 


lU 
::I 0.25 
.. 
5 


$ 
2 
-- 
l_t-Oj4Y 
I - 
I- 
•• 
0 
'- 
0 
0 
0.01 
0.1 
1.0 
5 
0 
1 
2 
3 
4 
5 
-100 
-50 
0 
50 
100 
125 


Ym(Yoc) 
v." (V) 
TEMP£MTURE('C) 


Linearity 
vs 
4>2 Clock 
Power 
Supply 
Current 


Linearity 
vs 
Temperature 
Frequency 
vs 
Temperature 
0.5 
0.5 
1 
1.5 
I 
I 
YMF=YeC 
Stu<=525 kHz 
SeU<=525 kHz 
4>2=2.1 MHz 
Yec= V", =5V 
.. 
:I .!y+~t,/l,=2.1 MHz 
ii 
D.• 
Vce=YMF=5V 
~ 
0.4 
z 
~Yee=5.5V 
StlK=525 kHz 
~ 
:! 
'-I' 
Yee=5.25Y 
I 
.. 
.. 
::> 
0.3 
0.3 
.. 
~ 
~ 
E 
I' .'}l •••• 
,Yec-5.OV 
lli 
lli 
1.0 


~ 


0.2 
~ 
0.2 f--- 
125'C 
iiJ 
r""'o 
..." 
....•.- 
25'C 
.. 
r""'o 
"'" 


z 
- 
z 
-';'..~ 
I 
i""oo 
::I 
0.1 
::I 
0.1 
55'C 
I 
- 
,- 
~ 
,=j-75i 
Yec=4.5Y 
0.5 


-25 
25 
75 
125 
0 
1 
2 
3 
4 
5 
-55 
-15 
25 
65 
105 


TEMPERATURE 
('C) 
4>,ClK(MHz) 
TEMPERATURE 
('C) 
. 


Power 
Supply 
Current 
vs 
Resistive 
Ladder 
Reference 


4>2 Clock 
Frequency 
Current 
vs 
Temperature 
1: 


1.5 
0.8 
1.4 
Yec- V'" - 5V 
Ycc=~F=5V_ 
i 


1.3 
SeU<=525 kHz 
1: 
,=OV 
lA=25'C 
0.7 
SCLX=OV- 
1.2 
.. 
B 
1.1 
I 0.6 


E 
- 
••• 
1.0 
..".. 
B 
::> 
0.9 
~ 
.. 
./ 
0.5 
I 


0.• 
;' 
m 
0.7 
0.4 
I 
0.6 
.. 
~ 0.5 
0.3 


0 
1 
2 
3 
4 
5 
-55 
-15 
25 
65 
105 


4>21MHz) 
TEMPERATURE 
I'CI 


Tl/H/5587-16 


DO High to Low State 


~ 


lFDO 


DO 
3.5V 
0.4V 


I 
TLIH/5587 -15 
----IT- 


1 


ROO 


DO 
2.4V 
0.4V 


TLIH/5587-14 


tFDO 


TL/H/5587-13 


~ 


_OATA 
110EXCHANGE 
CVClE- 


SCLI( 
V7\. 
/;' 
6 
7 
~t~.u:--'. 
- 
·-------lCJ 
(MAX) 


C"S 
·----·lCJ 
IMIN) 


:tACC 


DO~~ 
07 
DO 


DO 
0_7 __ ~0< 


•• TRI-8TATE"€ 
• 


_____ 
r 
es1 
_ 


CS Low During Conversion 
I; 


SHIFT 
CH~~ANEL-r- 
----r- 
SHIFT RESULT OUT 
MUX ---I- ACQUISITION 
64 ep, CLOCKS 
AND NEW ADDRESS IN 
ADDRESS 
I 
(MIN) 


D1234567 
D12345 
esl 
------r 


TLIH/5587 -5 


Note: DO and 01 lines share the 8-bit I/O shift register(see 
Functional 
Block Diagram). Since the MUX address bits are shifted in on SCLK rising edges while SCLK 
falling edges shift out conversion 
data on DO, the eighth falling edge of SCLK will shift out the MSB MUX address bit (A7) on 00. 
Thus, 
if addressing 
channels 
CH8-CH10, 
a high DO will occur momentarily 
(one 4>2clock period) until the 8-bit I/O shift register is cleared by the internal EOC signal. 


MUXADDRESS 
ANALOG 
CHANNEL 


A7 
A6 
As 
A4 
A3 
A2 
Al 
AO 
SELECTED 


0 
0 
0 
0 
X 
X 
X 
X 
CHO 
0 
0 
0 
1 
X 
X 
X 
X 
CH1 
0 
0 
1 
0 
X 
X 
X 
X 
CH2 
0 
0 
1 
1 
X 
X 
X 
X 
CH3 
0 
1 
0 
0 
X 
X 
X 
X 
CH4 
0 
1 
0 
1 
X 
X 
X 
X 
CH5 
0 
1 
1 
0 
X 
X 
X 
X 
CH6 
0 
1 
1 
1 
X 
X 
X 
X 
CH7 
1 
0 
0 
0 
X 
X 
X 
X 
CH8 
1 
0 
0 
1 
X 
X 
X 
X 
CH9 
1 
0 
1 
0 
X 
X 
X 
X 
CH10 
1 
0 
1 
1 
X 
X 
X 
X 
VTEST 
1 
1 
X 
X 
X 
X 
X 
X 
LOGIC TEST MODE- 


I 


data lines (DO and 01) and the serial clock 
input (SCLK). The 
result of the last conversion 
is transmitted 
by the AID 
on the 
DO line, while 
simultaneously 
the 
01 line receives 
the ad- 
dress data that selects 
the mux channel 
for the next conver- 
sion. 
The 
mux address 
is shifted 
in on the 
rising 
edge 
of 
SCLK and the conversion 
data 
is shifted 
out on the falling 
edge. 
It takes 
eight SCLK cycles 
to complete 
the serial 
I/O. 
A second 
clock 
(4)2) controls 
the SAR during the conversion 
process 
and must be continuously 
enabled. 


1.1 CONTINUOUS 
SCLK 


With a continuous 
SCLK input CS must be used to synchro- 
nize the serial data exchange 
(see Figure 
1). The ADC0811 
recognizes 
a valid CS 
one to three 
4>2 clock 
periods 
after 
the actual 
falling 
edge of CS. This is implemented 
to ensure 
noise immunity 
of the CS signal. Any spikes on CS less than 
one 
4>2 clock 
period 
will be ignored. 
CS 
must 
remain 
low 
during 
the complete 
I/O 
exchange 
which 
takes 
eight SCLK 
cycles. 
Although 
CS is not 
immediately 
acknowledged 
for 
the purpose 
of starting 
a new conversion, 
the falling edge of 
CS immediately 
enables 
DO to output 
the MSB (07) of the 
previous 
conversion. 


The first SCLK rising edge will be acknowledged 
after a set- 
up time 
(tset-up) has elapsed 
from 
the falling 
edge 
of CS. 
This and the following 
seven 
SCLK rising edges 
will shift in 
the channel 
address forthe 
analog multiplexer. 
Since there are 
12 channels 
only four address 
bits are utilized. 
The first four 
SCLK cycles 
clock 
in the mux address, 
during 
the next four 
SCLK cycles the analog input is selected 
and sampled. 
During 


SERIAL DATA 
INPUT 
4 MSB OUTPUT 


SERIAL DATA 
INPUT 
4 MSB OUTPUT 


on the falling 
edge of CS only data bits 06-00 
remain to be 
received. 
The following 
seven falling edges of SCLK shift out 
this data on DO. 


The 8th SCLK falling edge initiates the beginning 
of the AID's 
actual conversion 
process 
which takes between 
48 to 64 4>2 
cycles 
(Tel. 
During this time CS can go high to TRI-STATE 
DO and disable 
the SCLK input or it can remain 
low. If CS is 
held Iowa 
new I/O exchange 
will not start until the conver- 
sion sequence 
has been completed. 
however 
once the con- 
version 
ends serial I/O will immediately 
begin. Since there 
is 
an ambiguity 
in the conversion 
time 
(Tel 
synchronizing 
the 
data exchange 
is impossible. 
Therefore 
CS should 
go high 
before 
the 48th 
4>2 clock 
has elasped 
and return 
low after 
the 64th 4>2 to synchronize 
serial communication. 


A conversion 
or I/O operation 
can be aborted 
at any time by 
strobing 
CS. If CS is high or low less than one 4>2 clock 
it will 
be ignored 
by the 
A/D. 
If the 
CS is strobed 
high 
or low 
between 
1 to 3 4>2 clocks 
the AID 
mayor 
may not respond. 


Therefore 
CS must be strobed 
high or low greater 
than 3 4>2 
clocks 
to 
ensure 
recognition. 
If a conversion 
or 
I/O 
ex- 
change 
is aborted 
while 
in process 
the 
consequent 
data 
output 
will 
be erroneous 
until 
a complete 
conversion 
se- 
quence 
has been implemented. 


1.2 DISCONTINUOUS 
SCLK 


Another 
way to accomplish 
synchronous 
serial communica- 
tion is to tie CS low continuously 
and disable 
SCLK after its 
8th falling 
edge 
(see Figure 
2). SCLK must 
remain 
low for 


ANALOG VOLTAGE 
ACOUISITION WINDOW 
4 LSB OATA OUTPUT 


ANALOG VOLTAGE 
ACOUISITIDN WINDOW 
4 LSB DATA OUTPUT 


CONVERSION PROCESS 


DATA MAY 
BE OUTPUT 
BETWEEN 
48th AND 64th 


<P2 CLOCKS 


Functional Description 
(Continued) 


at least 64 </>2 clocks 
to insure that the AID 
has completed 


its conversion. 
If SCLK is enabled 
sooner, 
synchronizing 
to 


the data output 
on DO is not possible 
since an end of con- 


version 
signal 
from 
the AID 
is not available 
and the actual 


conversion 
time is not known. 
With CS low during 
the con- 


version 
time 
(64 
</>2 max) 
DO will go low after 
the 
eighth 


falling 
edge of SCLK and remain 
low until the conversion 
is 


completed. 
Once the conversion 
is through 
DO will transmit 


the MSB. The rest of the data will be shifted 
out once SCLK 


is enabled 
as discussed 
previously. 


If CS goes 
high during 
the conversion 
sequence 
DO is tri- 


stated, 
and the result is not affected 
so long as CS remains 


high until the end of the conversion. 


1.2 MULTIPLEXER 
ADDRESSING 


The four bit mux address 
is shifted, 
MSB first, into 01. Input 
data corresponds 
to the channel 
selected 
as shown 
in table 


1. Care should 
be taken not to send all address 
greater than 


or equal 
to twelve 
(11 XX) as this puts the AID 
in a digital 


testing 
mode. 
In this mode the analog 
inputs 
CHO thru CH3 


become 
digital 
outputs, 
for our use in production 
testing. 


2.0 ANALOG 
INPUT 


2.1 THE INPUT SAMPLE 
AND HOLD 


The ADC0811's 
sample/hold 
capacitor 
is implemented 
in its 


capacitive 
ladder 
structure. 
After the channel 
address 
is re- 
ceived, 
the ladder 
is switched 
to sample 
the proper 
analog 
input. This sampling 
mode is maintained 
for 1 J-Lsecafter the 


eighth SCLK falling edge. The hold mode is initiated 
with the 


start 
of the conversion 
process. 
An acquisition 
window 
of 


4tSCLK + 1 J-Lsec is therefore 
available 
to allow 
the 
ladder 


capacitance 
to 
settle 
to 
the 
analog 
input 
voltage. 
Any 


change 
in the analog 
voltage 
before 
or after the acquisition 


window 
will not effect 
the A/D 
conversion 
result. 


In the most simple 
case, the ladder's 
acquisition 
time is de- 


termined 
by the Ron (3K) of the multiplexer 
switches 
and the 


total ladder capacitance 
(90pf). These values yield an acqui- 


sition 
time of about 
2 J-Lsecfor a full scale 
reading. 
There- 
fore 
the 
analog 
input 
must 
be stable 
for 
at least 
2 J-Lsec 


before 
and 
1 J-Lsec after 
the 
eighth 
SCLK falling 
edge 
to 


ensure 
a proper 
conversion. 
External 
input 
source 
resist- 
ance and capacitance 
will lengthen 
the acquisition 
time and 


should 
be accounted 
for. 


Other conventional 
sample 
and hold error specifications 
are 


included 
in the error and timing 
specs 
of the AID. 
The hold 


step 
and gain error 
sample/hold 
specs 
are taken 
into ac- 


count 
in the 
ADC0811's 
total 
unadjusted 
error, 
while 
the 


hold settling 
time 
is included 
in the AID's 
max conversion 


time 
of 64 
</>2 clock 
periods. 
The 
hold 
droop 
rate can 
be 


thought 
of as being zero since an unlimited 
amount 
of time 


can 
pass 
between 
a conversion 
and the 
reading 
of data. 


However, 
once the data is read it is lost and another 
conver- 


sion is started. 


P10 
INS8048 
P11 


P12 


ES 
CHO} 
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ADC0811 
FUNCTIONAL 
CIRCUIT 


sv 


sv 


CHO 
19 


CHI 


CH2 


CH3 


CH4 


CHS 


CH6 


CH7 


CHI 


CH9 


CH10 


O. 


14 
13 
12 
11 


1 
12 
2 
3 
IN, GARol R02 


IN. 74lS93 00 
11 


Temperature 
Range 
O·Cto70"C 
-40"Cto 
+8S·C 


Total Unadjusted 
±%LSB 
ADC0811BCN 
ADC0811BCV 
Error 
±1 
LSB 
ADC0811CCN 
ADC0811CCJ 
ADC0811CCV 


Package 
Outline 
N20A 
J20A,V20A 


t!JNational 
Semiconductor 


ADC08161 ADCi0817 8-Bit J.LP Compatible AID Converters 
with 16-ChannE~1Multiplexer 


General Description 


The 
ADCOB16, 
ADCOB17 
data 
acquisition 
component 
is a 


monolithic 
CMOS 
device 
with an B-bit analog-to-digital 
con- 
verter, 
16-channel 
multiplexer 
and microprocessor 
compati- 


ble control 
logic. The B-bit AID 
converter 
uses successive 


approximation 
as the conversion 
technique. 
The converter 


features 
a high impedance 
chopper 
stabilized 
comparator, 
a 


2S6R voltage 
divider 
with analog 
switch 
tree and a succes- 


sive approximation 
register. 
The 16-channel 
multiplexer 
can 


directly 
access 
anyone 
of 16-single-ended 
analog 
signals, 
and provides 
the logic for additional 
channel 
expansion. 
Sig- 
nal conditioning 
of any analog 
input signal is eased by direct 


access 
to the multiplexer 
output, 
and to the input of the B-bit 


AID 
converter. 


The device 
eliminates 
the 
need 
for external 
zero 
and full- 


scale 
adjustments. 
Easy 
interfacing 
to microprocessors 
is 


provided 
by the 
latched 
and decoded 
multiplexer 
address 


inputs 
and latched 
TTL TRI-STATE® 
outputs. 


The design 
of the ADCOB16, ADCOB17 has been optimized 


by incorporating 
the most desirable 
aspects 
of several 
AID 


conversion 
techniques. 
The ADGOB16, ADCOB17 offers 
high 


speed, 
high 
accuracy, 
minimal 
temperature 
dependence, 


excellent 
long-term 
accuracy 
and 
repeatability, 
and 
con- 


sumes 
minimal 
power. 
These 
features 
make 
this 
device 


ideally 
suited 
to 
applications 
from 
process 
and 
machine 


control 
to consumer 
and automotive 
applications. 
For simi- 


lar performance 
in an B-channel, 
2B-pin, B-bit AID 
convert- 


er, see the ADCOBOB, ADCOB09 
data 
sheet. 
(See AN-2SB 


for more 
information.) 


• 
Easy 
interface 
to 
all 
microprocessors, 
or 
operates 
"stand 
alone" 


• 
Operates 
ratiometrically 
or with 
S VDC or analog 
span 


adjusted 
voltage 
reference 


• 
16-channel 
multiplexer 
with latched 
control 
logic 


• 
Outputs 
meet TTL voltage 
level specifications 


• 
OV to SV analog 
input voltage 
range 
with single 
SV sup- 


,ply 
. 


• 
No zero or full-scale 
adjust 
required 


• 
Standard 
hermetic 
or molded 
40-pin 
DIP package 


• 
Temperature 
range 
-40·C 
to 
+BS·C 
or 
-SS·C 
to 


+12S·C 


• 
Latched 
TRI-STATE 
output 


• 
Direct 
access 
to "comparator 
in" 
and 
"multiplexer 
out" 


for signal 
conditioning 


• 
ADCOB16 equivalent 
to MM74C94B 


• 
ADCOB17 equivalent 
to MM74C94B-1 


Key Specifications 


• 
Resolution 
• 
Total 
Unadjusted 
Error 


• 
Single 
Supply 


• 
Low Power 
• 
Conversion 
Time 


B Bits 


±1 
LSB 


S VDC 
1SmW 


100 IJ-s 


II CHANNELS 


MULTIPLEXING 
ANALOG 
SWITCHES 


r.;r.v;;---- 
I 
IIII 


1 1 
vec 
GND 


• 


Absolute Maximum Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
ESD Susceptibility 
(Note 9) 
400V 
please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors 
for 
availability 
and 
specifications. 
Operating Conditions 
(Notes 
1 & 2) 


Supply Voltage 
(Ved 
(Note 3) 
6.5V 
Temperature 
Range (Note 1) 
TMIN,;;TA,;;TMAX 


Voltage 
at Any Pin 
-0.3V 
to (Vee+0.3V) 
ADC0816CCJ, 
ADC0816CCN, 
-40'C,;;TA';; 
+ 85'C 


Except 
Control 
Inputs 
ADC0817CCN 


Voltage 
at Control 
Inputs 
-0.3Vto 
15V 
Range of Vcc 
(Note 1) 
4.5 Voc to 6.0 Voc 


(START, 
OE, CLOCK, 
ALE, EXPANSION 
CONTROL, 
Voltage 
at Any Pin 
OVtoVcc 
ADD A, ADD B, ADD C, ADD D) 
Except 
Control 
Inputs 


Storage 
Temperature 
Range 
-65'Cto 
+ 
150'C 
Voltage 
at Control 
Inputs 
OVto 
15V 


Package 
Dissipation 
at TA = 25'C 
875mW 
(START, 
OE, CLOCK, 
ALE, EXPANSION 
CONTROL, 


Lead Temp. 
(Soldering, 
10 seconds) 
ADD A, ADD B, ADD C, ADD D) 


Dual-In-Line 
Package 
(Plastic) 
260'C 


Dual-In-Line 
Package 
(Ceramic) 
300'C 


Molded 
Chip Carrier 
Package 


Vapor Phase (60 seconds) 
215'C 


Infrared 
(15 seconds) 
220'C 


Electrical Characteristics 


Converter 
Specifications: 
Vee= 
5 VDe= 
VREF(+), 
VREF(-)=GND, 
VIN=VCOMPARATOR 
IN,TMIN,;;TMAX and feLK = 640 kHz 
unless 
otherwise 
stated. 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


ADC0816 
Total Unadjusted 
Error 
25'C 
±% 
LSB 
(Note 5) 
TMIN to TMAX 
±3/. 
LSB 


ADC0817 
Total Unadjusted 
Error 
O'Ct070'C 
±1 
LSB 
(Note 5) 
TMIN to TMAX 
±1Y. 
LSB 


Input Resistance 
From Ref( + ) to Ref( - ) 
1.0 
4.5 
kfi 


Analog 
Input Voltage 
Range 
(Note4)V(+) 
orV(-) 
GND-0.10 
Vcc+0.1O 
Voc 


'VREF(+) 
Voltage, 
Top of Ladder 
Measured 
at Ref( + ) 
Vcc 
Vcc+0.1 
V 


VREF(+)+VREF(-) 
Voltage, 
Center of Ladder 
Vee/2-O.1 
Vee/2 
VCC/2+O.1 
V 
2 


VREF(-) 
Voltage, 
Bottom 
of Ladder 
Measured 
at Ref( - ) 
-0.1 
0 
V 


Comparator 
Input Current 
fc = 640 kHz, (Note 6) 
-2 
±0.5 
2 
",A 


Electrical Characteristics 


Digital 
Levels 
and DC Specifications: 
ADC0816CCJ, 
ADC0816CCN, 
ADC0817CCN-4. 
75V,;; Vee';; 5.25V, - 40'C';; 
TA';; + 85'C 


unless 
otherwise 
noted. 


Symbol 
I 
Parameter 
. 
I 
Conditions 
I 
Min 
I 
Typ 
I 
Max 
I 
Units 


ANALOG 
MULTIPLEXER 


RON 
Analog 
Multiplexer 
ON 
(Any Selected 
Channel) 
Resistance 
TA = 25'C, 
RL = 10k 
.. 
1.5 
3 
kfi 


TA=85'C 
6 
kfi 


TA= 
125'C 
9 
kfi 


llRON 
IlON 
Resistance 
Between 
Any 
(Any Selected 
Channel) 
75 
fi 


2 Channels 
RL =10k 


IOFF+ 
OFF Channel 
Leakage 
Current 
Vee=5V, 
VIN=5V, 


TA=25'C 
10 
200 
nA 


TMIN toTMAX 
1.0 
",A 


IOFF(-) 
OFF Channel 
Leakage 
Current 
Vee=5V, 
VIN=O, 


TA=25'C 
-200 
nA 


TMIN to TMax 
-1.0 
",A 


CONTROL 
INPUTS 


VIN(1) 
Logical 
"1" 
Input Voltage 
I 
I 1 
~ 
t, 
Vee-1.5 
I 
V 


VIN(O) 
Logical 
"0" 
Input Voltage 
I 
., 
! 
1.5 
V 


, 


Electrical Characteristics 
(Continued) 


Digital 
Levelsand 
DC Specifications: 
ADC0816CCJ, 
ADC0816CCN, 
ADC0817CCN-4. 
75V s;Vcc s; 5.25V, - 40'C s;TAS; + 85'C 
unless 
otherwise 
noted. 


Symbol 
I 
Parameter 
I 
Conditions 
I 
Mln 
I 
Typ 
I 
Max 
I 
Units 


CONTROL 
INPUTS 
(Continued) 


IIN(1) 
Logical 
"1" 
Input Current 
VIN= 
15V 
1.0 
/LA 
(The Control 
Inputs) 


IIN(O) 
Logical 
"0" 
Input Current 
VIN=O 
-1.0 
/LA 
(The Control 
Inputs) 


Icc 
Supply Current 
ICLK = 640 kHz 
0.3 
3.0 
mA 


DATA 
OUTPUTS 
AND EOC (INTERRUpn 


VOUT(1) 
Logical 
"1" 
Output Voltage 
10- 360 /LA, TA = 85'C 
Vcc-0.4 
V 


10= -300 
/LA, TA = 125'C 


VOUT(O) 
Logical 
"0" 
Output Voltage 
10=1.6mA 
0.45 
V 


VOuno) 
Logical 
"0" 
Output Voltage 
EOC 
10=1.2mA 
0.45 
V 


'OUT 
TRI-ST ATE Output 
Current 
VO=Vcc 
3.0 
/LA 


VO=O 
-3.0 
/LA 


Electrical Characteristics 


Timing 
Specifications: 
VCC=VREF(+)=5V, 
VREF(-)=GND, 
tr=tf=20 
ns and TA=25'C 
unless 
otherwise 
noted. 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


tws 
Minimum 
Start Pulse Width 
(Figure 5) (Note 7) 
100 
200 
ns 


tWALE 
Minimum 
ALE Pulse Width 
(FigureS) 
100 
200 
ns 


ts 
Minimum 
Address 
Set-Up Time 
(FigureS) 
25 
50 
ns 


TH 
Minimum 
Address 
Hold Time 
(FigureS) 
25 
50 
ns 


to 
Analog 
MUX Delay Time 
Rs = O!l(Figure 
5) 
1 
2.5 
/LS 


IromALE 


tH1, tHO 
OE Control 
to Q Logic State 
CL = 50 pF, RL = 10k (Figure 8) 
125 
250 
ns 


t1H. tOH 
OE Control 
to Hi-Z 
CL = 10 pF, RL = 10k (Figure 8) 
125 
250 
ns 


te 
Conversion 
Time 
Ie = 640 kHz, (Figure 5) (Note 8) 
90 
100 
116 
/Ls 


Ie 
Clock Frequency 
10 
640 
1280 
kHz 


tEOC 
EOC Delay Time 
(FigureS) 
0 
8+ 2/Ls 
Clock 
Periods 


CIN 
Input Capacitance 
At Control 
Inputs 
10 
15 
pF 


COUT 
TRI-STATE 
Output 
At TRI-STATE 
Outputs 
(Note 8) 
10 
15 
pF 
Capacitance 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical 
specifICations do not appty when operating 
the device beyond its specrtied operating conditions. 


Note 2: All voltages 
are measured with respect to GND, unless otherwise 
specified. 


Note 3: A zener diode exists, internally, from Vcc to GND and has a typical breakdown 
voltage of 7 Voc. 


Note 4: Two on·chip diodes are tied to each analog input which will forward conduct 
for analog input lIoltages 
one diode drop below ground or one diode drop 


greater than the Vcc supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage 
by more than 100 mV, the output code will be correct. To achieve an absolute 0 Voc to S Voc input voltage range will therefore require a minimum supply voltage of 
4.900 Voc over temperature 
variations, 
initial tolerance 
and loading. 


Note 5: Total unadjusted 
error includes offset, full-scale, and linearity errors. see Figure 3. None of these AIDs requires a zero or full-scale 
adjust. However, if an 
all zero code is desired for an analog input other than O.OV,or if a narrow full-scale span exists (for example: O.SV to 4.5V full-scale) the reference voltages can be 
adjusted to achieve this. See Figure 
13. 


Note 6: Comparator 
input current is a bias current into or out of the chopper 
stabilized comparator. 
The bias current varies directly with clock frequency 
and has 
little temperature 
dependence 
(Figure 6). See paragraph 
4.0. 


Note 7: If start pulse is asynchronous 
with converter clock or if fe > 640 kHz, the minimum start pulse width is 8 clock periods plus 2 JJ.s.For synchronous 
operation 


at fe s: 640 kHz take start high within 100 ns of clock going low. 
Note 8: The outputsof the data registerare updatedone clock cycle beforethe risingedgeof EOC. 


Note 8: Humanbody model,100pF dischargedthrougha 1.5 kn resistor. 


• 


-- _ .._.- .•.. _ ..•...._.... _._ .•... _ .._ .. 
selected 
by using the address 
decoder. 
Table 
1 shows 
the 
input states 
for the address 
line and the expansion 
control 
line to select 
any channel. 
The address 
is latched 
into the 
decoder 
on the 
low-to-high 
transition 
of the, address 
latch 
enable 
signal. 


Selected 
Address 
Line 
Expansion 


Analog 
Channel 
0 
C 
B 
A 
Control 


INO 
L 
L 
L 
L 
H 


IN1 
L 
L 
L 
H 
H 


IN2 
L 
L 
H 
L 
H 


IN3 
L 
L 
H 
H 
H 


IN4 
L 
H 
L 
L 
H 


IN5 
L 
H 
L 
H 
H 


IN6 
L 
H 
H 
L 
H 


IN? 
L 
H 
H 
H 
H 


INS 
H 
L 
L 
L 
H 


IN9 
H 
L 
L 
H 
H 


IN10 
H 
L 
H 
L 
H 


IN11 
H 
L 
H 
H 
H 


IN12 
H 
H 
L 
L 
H 


IN13 
H 
H 
L 
H 
H 
" 


IN14 
H 
H 
H 
L 
H 
, 


IN15 
H 
H 
H 
H 
H 


All Channels 
OFF 
X 
X 
X 
X 
L 


. 


256R 
:. 


" 
.., 
.. 


using the expansion 
control. 
The additional 
external 
signals 
are 
connected 
to 
the 
comparator 
input 
and 
the 
device 
ground. 
Additional 
signal conditioning 
(I.e., prescaling, 
sam- 


ple and 
hold, 
instrumentation 
amplification, 
etc.) 
may also 
be added between 
the analog input signal and the compara- 
tor input 


The Converter 


The heart of this single chip data acquisition 
system 
is its S- 
bit analog-to-digital 
converter. 
The converter 
is designed 
to 
give fast, accurate, 
and repeatable 
conversions 
over a wide 
range 
of temperatures. 
The converter 
is partitioned 
into 3 
major 
sections: 
the 
256R 
ladder 
network, 
the 
successive 
approximation 
register, 
and the comparator. 
The converter's 
digital 
outputs 
are positive 
true. 


The 256R 
ladder 
network 
approach 
(Figure 
1) was chosen 
over the conventional 
R/2R 
ladder 
because 
of its inherent 
monotonicity, 
which 
guarantees 
no 
missing 
digital 
codes. 


Monotonicity 
is particularly 
important 
in closed 
loop 
feed- 
back 
control 
systems. 
A non-monotonic 
relationship 
can 
cause 
oscillations 
that 
will be catastrophic 
for the system. 
Additionally, 
the 256R 
network 
does 
not cause 
load varia· 
tions on the reference 
voltage. 


The bottom 
resistor 
and the top resistor 
of the ladder 
net- 
work in Figure 
1 are not the same value as the remainder 
of 
the 
network. 
The 
difference 
in these 
resistors 
causes 
the 
output 
characteristic 
to be symmetrical 
with 
the 
zero 
and 
full-scale 
points 
of the transfer 
curve. 
The first output 
tran- 
sition occurs 
when the analog signal has reached + % LSB 
and succeeding 
output 
transitions 
occur 
every 
1 LSB later 
up to full-scale . 
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The successive 
approximation 
register 
(SAR) performs 
8 it- 


erations 
to approximate 
the input voltage. 
For any SAR type 


converter, 
n-iterations 
are required 
for an n-bit 
converter. 


Figure 2 shows 
a typical 
example 
of a 3-bit converter. 
In the 


ADC0816, 
ADC0817, 
the 
approximation 
technique 
is ex- 


tended 
to 8 bits using the 256R 
network. 


The 
AID 
converter's 
successive 
approximation 
register 


(SAR) 
is reset 
on the positive 
edge 
of the start conversion 


(SC) pulse. 
The conversion 
is begun 
on the falling 
edge 
of 


the start conversion 
pulse. 
A conversion 
in process 
will be 


interrupted 
by receipt 
of a new start conversion 
pulse. Con- 


tinuous 
conversion 
may be accomplished 
by tying the end- 
of-conversion 
(EOC) output 
to the SC input. 
If used in this 


mode, 
an external 
start conversion 
pulse should 
be applied 


after 
power 
up. 
End-of-conversion 
will 
go low 
between 
0 


and 8 clock 
pulses 
after the rising edge of start conversion. 
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The 
most 
important 
section 
of the 
AID 
converter 
is the 


comparator. 
It is this 
section 
which 
is responsible 
for the 


ulimate 
accuracy 
of the entire 
converter. 
It is also the com- 


parator 
drift which 
has the greatest 
influence 
on the repeat- 


ability 
of the device. 
A chopper-stabilized 
comparator 
pro- 


vides the most effective 
method 
of satisfying 
all the convert- 


er requirements. 


The 
chopper-stabilized 
comparator 
converts 
the 
DC input 


signal 
into an AC signal. 
This signal 
is then 
fed through 
a 


high gain AC amplifier 
and has the DC level restored. 
This 


technique 
limits 
the drift 
component 
of the amplifier 
since 


the drift is a DC component 
which 
is not passed 
by the AC 


amplifier. 
This 
makes 
the 
entire 
AID 
converter 
extremely 


insensitive 
to temperature, 
long term 
drift 
and 
input 
offset 


errors. 


Figure 
4 shows 
a typical 
error 
curve 
for the 
ADC0816 
as 


measured 
using the procedures 
outlined 
in AN-179. 
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NS Package 
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OPERATION 


1.0 RATJOMETRIC 
CONVERSION 
The ADC0816, ADC0817 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion sys- 
tems. In ratiometric systems, the physical variable being 
measured is expressed as a percentage of full-scale which 
is not necessarily related to an absolute standard. The volt- 
age input to the ADC0816 is expressed by the equation 


VIN 
Dx 


V's-Vz 
DMAX-DMIN 


VIN = Input voltage into the ADC0816 


V's = Full-scale voltage 
Vz = Zero voltage 
Dx = Data point being measured 


DMAX= Maximum data limit 
DMIN = Minimum data limit 


A good example of a ratiometric transducer is a potentiome- 
ter used as a position sensor. The position of the wiper is 
directly proportional to the output voltage which is a ratio of 
the full-scale voltage across it. Since the data is represent- 
ed as a proportion of full-scale, reference requirements are 
greatly reduced, eliminating a large source of error and cost 
for many applications. A major advantage of the ADC0816, 
ADC0817 is that the input voltage range is equal to the sup- 
ply range so the transducers can be connected directly 
across the supply and their outputs connected directly into 
the multiplexer inputs, (Figure 
!1). 


Ratiometric transducers 
such as potentiometers, 
strain 


gauges, thermistor bridges, pressure transducers, etc., are 
suitable for measuring proportional relationships; however, 
many types of measurements must be referred to an abso- 
lute standard such as voltage or current. This means a sys- 
tem reference must be used which relates the full-scale 
voltage to the standard volt. For example, if VCC = VREF= 
5.12V, then the full-scale range is divided into 256 standard 
steps. The smallest standard step is 1 LSB which is then 20 
mY. 
2.0 RESISTOR 
LADDER 
LIMITATIONS 


The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 


The top of the ladder, Ref(+), should not be more positive 
than the supply, and the bottom of the ladder, Ref(-), 
should not be more negative than ground. The center of the 
ladder voltage must also be near the center of the supply 
because the analog switch tree changes from N-channel 
switches to P-channel switches These limitations are auto- 
maticaly satisfied in ratiometric systems and can be easily 
met in ground referenced systems. 


Figure 
10 shows a ground referenced system with a sepa- 


rate supply and reference. In this system, the supply must 
be trimmed to match the reference voltage. For instance, if 
a 5.12V reference is used, the supply should be adjusted to 
the same voltage within 0.1V. 


Yee 


REF(+) 
MSB 


1.15··· 


QOUT 
·· 
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T- 
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* Ratlometrlc transducer. 


Applications 
Information 
(Continued) 


The ADCOB16 
needs 
less than a milliamp 
of supply 
current 
so developing 
the supply 
from 
the 
reference 
is readily 
ac- 


complished. 
In Figure 
11 a ground 
references 
system 
is 


shown 
which 
generates 
the supply from the reference. 
The 


buffer 
shown 
can be an op amp of sufficient 
drive to supply 


the mililiamp 
of supply 
current 
and the desired 
bus drive, or 


if a capacitive 
bus is driven 
by the outputs 
a large capacitor 


will supply the transient 
supply current 
as seen in Figure 
12. 


The 
LM301 
is overcompensated 
to 
insure 
stability 
when 


loaded 
by the 10 J-LF output 
capacitor. 


The 
top 
and 
bottom 
ladder 
voltages 
cannot 
exceed 
Vcc 


and ground, 
respectively, 
but they can be symmetrically 
less 


than Vcc 
and greater 
than ground. 
The center 
of the ladder 


voltage 
should 
always 
be near the center 
of the supply. The 


sensitivity 
of the converter 
can be increased, 
(i.e., size of 


the LSB steps decreased) 
by using a symmetrical 
reference 


system. 
In Figure 
13, a 2.5V reference 
is symmetrically 
cen- 


tered 
about Vcc/2 
since the same current 
flows 
in identical 


resistors. 
This system 
with a 2.5V reference 
allows 
the LSB 


to be half the size of the LSB in a 5V reference 
system. 
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FIGURE 12. Typical 
Reference 
and Supply Circuit 
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Centered 
Reference 


..-- 
CDoo 
M 
o 
ct 


3.0 CONVERTER 
EQUATIONS 


The 
transition 
between 
adjacent 
codes 
Nand 
N 
+ 
1 is 


given 
by: 


V,N- 
{(VREF(+)-VREF(-»[2~6 
+ 5:2] 
±VTUE} 
+VREF(-) 
(2) 


The center 
of an output 
code 
N is given by: 


V'N~ 
{(VREF(+)-VREF!-»L~6] 
±VTUE] 
+VREF(-) 
(3) 


Vee 


REF!+I 


DIGITAL 
OUTPUT 


P~OPORTIONAl 
TO 
ANALOG INPUT 
1.25V", 
V,N 5 J.15V 


The 
output 
code 
N for an arbitrary 
input 
are the 
integers 


within 
the range: 


N- 
V'N-VREF(-) 
X256±AbsoluteAccuracy 
(4) 


VREF(+)-VREF(-) 


where: 
V,N = Voltage 
at comparator 
input 


VREF = Voltage 
at Ref( +) 


VREF = Voltage 
at Ref( -) 


VTUE = Total 
unadjusted 
error voltage 
(typically 


VREF(+) 
-;--512) 


Applications 
Information 
(Continued) 


4.0 ANALOG 
COMPARATOR 
INPUTS 


The dynamic 
comparator 
input current 
is caused 
by the peri- 


odic switching 
of on-chip 
stray capacitances 
These are con- 


nected 
alternately 
to the output of the resistor 
ladder Iswitch 


tree 
network 
and 
to the 
comparator 
input 
as part 
of the 


operation 
of the chopper 
stabilized 
comparator. 


The 
average 
value 
of the 
comparator 
input 
current 
varies 


directly 
with clock 
frequency 
and with VIN as shown 
in Fig- 
ure6. 


If no filter capacitors 
are used at the analog 
or comparator 
inputs and the signal source 
impedances 
are low, the com- 


parator 
input current 
should 
not introduce 
converter 
errors, 


as the transient 
created 
by the capacitance 
discharge 
will 


die out before 
the comparator 
output 
is strobed. 


If input filter capacitors 
are desired 
for noise 
reduction 
and 


signal conditioning 
they will tend to average 
out the dynamic 


comparator 
input current. 
It will then take on the character- 
istics 
of a DC bias current 
whose 
effect 
can be predicted 


conventionally. 
See AN-258 
for further 
discussion. 


ADDRESS 


DECDDE 


IAD4-AD1W 


VIN 
1 
6} 


O-SV 
ANAlDG 
INPUT RANGE 


VIN 1 


CDMMDN 
DUT 


CDMPARATDR 
IN 


PROCESSOR 
READ 
WRITE 
INTERRUPT 
(COMMENT) 


8080 
MEMR 
MEMW 
INTR (Thru RST Circuit) 


8085 
RD 
WR 
INTR (Thru RST Circuit) 


Z-80 
RD 
WR 
INT (Thru RST Circuit, 
Mode 0) 


SC/MP 
NRDS 
NWDS 
SA (Thru Sense A) 


6800 
VMAe4> 2eR/W 
VMAeQ2eR/W 
IROA or IROB (Thru PIA) 


TEMPERATURE 
RANGE 
-40"Cto 
+85°C 


Error 
I 
± % Bit Unadjusted 
ADC0816CCN 
ADC0816CCJ 


I 
± 1 Bit Unadjusted 
ADC0817CCN 


Package 
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f}1National 
Semiconductor 


ADC0819 8-Bit Serial 1/0 AID Converter 
with 19-Channel Multiplexer 


General Description 
The ADC0819 is an 8-Bit successive approximation AID 
converter with simultaneous serial I/O. The serial input con- 
trols an analog multiplexer which selects from 19 input 
channels or an internal half scale test voltage. 
An input sample-and-hold is implemented by a capacitive 
reference ladder and sampled data comparator. This allows 
the input signal to vary during the conversion cycle. 


Separate serial I/O and conversion clock inputs are provid- 
ed to facilitate the interlace to various microprocessors. 


Features 
• 
Separate asynchronous converter clock and serial data 
I/O clock. 
• 
19-Channel multiplexer with 5·Bit serial address logic. 
• 
Built-in sample and hold function. 


• 
Ratiometric or absolute voltage referencing. 


• 
No zero or full-scale adjust required. 


• 
Internally addressable test voltage. 


• 
OVto 5V input range with single 5V power supply. 


• TTL/MOS input/output compatible. 
• 
28-pin molded chip carrier or 28-pin molded DIP 


Key Specifications 


• 
Resolution 
• 
Total unadjusted error 
• 
Single supply 
• 
Low Power 
• 
Conversion Time 
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Order 
Number 
ADC0819BCN, 
CIN 


See NI 
Package 
Number 
N28B 


ADDRESS 
LATCH AND 
De(OO£R 
23 C'! 


26 S", 


Absolute Maximum Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 


please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors 
for 
availability 
and 
specifications. 


Supply Voltage 
(Vcc) 
6.SV 


Voltage 
Inputs and Outputs 


Input Current 
Per Pin (Note 3) 


Total Package 
Input Current 
(Note 3) 


Storage 
Temperature 


Package 
Dissipation 
at TA = 2S·C 


Lead Temperature 
(Soldering, 
10 sec.) 
Dual-In-Line 
Package 
(Plastic) 
Surface 
Mount 
Package 


Vapor Phase (60 sec.) 
Infrared 
(1S sec.) 


ESD Susceptibility 
(Note 11) 


21S·C 
220·C 


2000V 
- 0.3V to Vee 
+ 0.3V 


±SmA 


±20mA 


- 6S·C to + 1S0·C 


87SmW 


Operating 
Ratings 
(Notes 
1 & 2) 


Supply Voltage 
(Vcc) 
4.S Voc to 6.0 Voc 


Temperature 
Range 
• 
TMIN S; TA s; TMAX 


ADC0819BCV,ADC0819CCV 
-40·C 
S; TA S; +8S·C 


ADC0819BCN 
O·C s; TA S; + 70·C 


ADC0819CIN 
-40·C 
S; TA S; +8S·C 


Electrical Characteristics 
The following 
specifications 
apply for Vee 
= 
SV, VREF = SV, cl>2 elK 
= 2.097 MHz unless otherwise 
specified. 
Boldface 
limits 
apply 
from 
TMIN to TMAX; all other 
limits TA = 
TJ = 
2S·C. 


Tested 
Limit 
(Note 
7) 


Design 
Limit 
(Note 
8) 


Maximum 
Total 
VREF = S.OOVDe 


Unadjusted 
Error 
(Note 4) 


ADC0819BCV, 
BCN 
±% 
±% 
LSB 
ADC0819CCV, 
CIN 
±1 
±1 
LSB 


Minimum 
Reference 
8 
5 
kO 
Input Resistance 


Maximum 
Reference 
8 
11 
11 
kO 
Input Resistance 


Maximum 
Analog 
Input Range 
(NoteS) 
Vee+O.OS 
Vcc+0•05 
V 


Minimum 
Analog 
Input Range 
GND-O.OS 
GND-0.05 
V 


On Channel 
Leakage 
Current 
(Note 9) 
On Channel = SV 
400 
1000 
nA 


Off Channel = OV 


On Channel = OV 
-400 
-1000 
nA 


Off Channel =SV 
(Note 9) 


Off Channel 
Leakage 
Current 
(Note 9) 
On Channel = SV 
-400 
-1000 
nA 


Off Channel = OV 


On Channel = OV 
400 
1000 
nA 


Off Channel = SV 
(Note 9) 


Minimum 
VTEST 
VREF=Vee, 
(Note 10) 
Internal Test Voltage 
CH 19 Selected 
12S 
125 
Counts 


Maximum 
VTEST 
VREF=Vee, 
(Note 10) 
Internal 
Test Voltage 
CH 19 Selected 
130 
130 
Counts 


VIN(1), Logical 
"1" 
Input 
Vee=S.2SV 
2.0 
2.0 
V 
Voltage 
(Min) 


VIN(O). Logical 
"0" 
Input 
Vee=4.7SV 
0.8 
0.8 
V 
Voltage 
(Max) 


IIN(1). Logical 
"1" 
Input 
VIN=S,OV 
O.OOS 
2.S 
2.5 
p.A 
Current 
(Max) 


IIN(O),Logical 
"0" 
Input 
VIN=OV 
-O.OOS 
-2.S 
-2.5 
p.A 
Current 
(Max) 


Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for VCC = 5V. VREF = 5V. </>2CLK = 2.097 MHz unless otherwise 
specified. 
Boldface 
limits 
apply 
from 
TMIN to TMAX; all other 
limits TA = 
TJ = 
25"C. 


Typical 
Tested 
Design 
Parameter 
Conditions 
Limit 
Limit 
Units 
(Note 
6) 
(Note 
7) 
(Note 
8) 


DIGITAL 
AND DC CHARACTERISTICS 
(Continued) 


VOUT(l). Logical 
"1" 
Vcc=4.75V 


Oulput 
Voltage 
(Min) 
IOUT= -360 
!-LA 
2.4 
2.4 
V 


IOUT= -10 
!-LA 
4.5 
4.5 
V 


VOUT(O). Logical 
"0" 
Vcc=5.25V 
0.4 
0.4 
V 
Oulput 
Voltage 
(Max) 
IOUT=1.6mA 


lOUT. TRI-STATE 
Output 
VOUT=OV 
-0.01 
-3 
-3 
!-LA 
Current 
(Max) 
VOUT=5V 
0.01 
3 
3 
!-LA 


ISOURCE. Output 
Source 
VOUT=OV 
-14 
-6.5 
-8.5 
mA 
Current 
(Min) 


ISINK. Output Sink Current 
(Min) 
VOUT=VCC 
16 
8.0 
8.0 
mA 


Icc. Supply Current 
(Max) 
CS=l. 
VREFOpen 
1 
2.5 
2.5 
mA 


IREF (Max) 
VREF=5V 
0.7 
1 
1 
mA 


AC CHARACTERISTICS 


Tested 
Design 


Parameter 
Conditions 
Typical 
Limit 
Limit 
Units 


(Note 
6) 
(Note 
7) 
(Note 
8) 


</>2CLK. </>2Clock Frequency 
MIN 
0.70 
1.0 
MHz 
- 
MAX 
4.0 
2.0 
2.1 


SCLK. Serial Data Clock 
MIN 
5.0 
KHz 
Frequency 
- 
MAX 
1000 
525 
525 


TC. Conversion 
Process 
Time 
MIN 
Not Including 
MUX 
26 
28 
</>2cycles 


- 
Addressing 
and 


MAX 
Analog 
Input 
32 
32 


,', 


Sampling 
Times 


tACC. Access 
Time Delay From CS 
MIN 
1 
</>2cycles 
- 


Falling 
Edge to DO Data Valid 
MAX 
3 


tSET-UP. Minimum 
Set-up Time of CS Falling 
1 
41</>2CLK+--- 
sec 
Edge to SCLK Rising Edge 
2ScLK 


tH~. 
CS Hold Time After the Falling 
0 
ns 
Edge of SCLK 


t~. 
Total CS Low Time 
~ 


t •• t_up + 8/ScLK 
sec 


MAX 
t~(mln)+ 
281</>2CLK 
sec 


tHOIoMinimum 
DI Hold Time from 
0 
0 
ns 
SCLK Rising Edge 


tHDD. Minimum 
DO Hold Time from SCLK 
RL =30k. 
10 
ns 
Falling Edge 
CL =100 
pF 


tSOIoMinimum 
DI Set-up Time to SCLK 
200 
400 
ns 
Rising Edge 


tODD. Maximum 
Delay From SCLK 
RL =30k. 
180 
200 
250 
ns 
Falling 
Edge to DO Data Valid 
CL =100 
pF 


tTRI. Maximum 
DO Hold Time. 
RL =3k. 
90 
150 
150 
ns 
(CS Rising edge to DO TRI-STATE) 
CL =100pF 
- 


Electrical Characteristics 
The following 
specifications 
apply for Vcc 
= 5V.Ir=tf=20 
ns, VREF = 
5V. unless 
otherwise 
specified. 
Boldface 
limits 
apply 
from 
TMIN to T MAX; all other limits TA = TJ = 25'C. 


Tested 
Limit 
(Note 
7) 


Typical 
(Note 
6) 


Design 
Limit 
(Note 
8) 


AC CHARACTERISTICS 
(Continued) 


leA. Analog 
After Address 
Is Latched 
3/ScLK+ 1 1'0. 
sec 
Sampling 
Time 
CS=Low 


tROD, Maximum 
DO 
RL =30 
kO, 
"TRI·STATE" 
to "HIGH" 
State 
75 
150 
150 
ns 
Rise Time 
CL=100pf 
"LOW" 
to "HIGH" 
State 
150 
300 
300 


tFDQ. Maximum 
DO 
RL =30 
kO, 
"TRI·STATE" 
to "LOW" 
State 
75 
150 
150 
ns 
Fall Time 
CL = 100 pf 
"HIGH" 
to "LOW" 
State 
150 
300 
300 


CIN. Maximum 
Input 
Analog 
Inputs. ANO-AN1 
0 and VREF 
11 
55 
pF 
Capacitance 
All Others 
5 
15 


Note 
1: Absolute Maximum Ratings indtcate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specified operating 
conditions. 


Note 2: All voltages 
are measured with respect to ground. 


Note 3: Under over voltage conditions 
(VIN<OV and VIN>Vcd 
the maximum input current at anyone 
pin is ±5 mA. If the voltage at more than one pin exceeds 
Vcc + .3V the total package current must be limited to 20 mA. For example the maximum number of pins that can be over driven at the maximum current level of 
±5 mA is four. 


Note 4: Total unadjusted 
error includes offset, full-scale, 
linearity, multiplexer, and hold step errors. 


Note 5: Two on-chip diodes are tied to each analog input, which will forward-conduct 
for analog input voltages one diode drop below ground or one diode drop 
greater than Vrx 
supply. Be careful during testing at low Vrx 
levels (4.5V). as high level analog inputs (5V) can cause this input diode to conduct, 
especially 
at 
elevated 
temperatures. 
and cause errors for analog inputs near full-scale. 
The spec allows 50 mV forward bias of either diode. This means that as long as the 
analog VIN does not exceed the supply voltage by more than 50 mV. the output code will be correct. To achieve an absolute 0 Voc to 5 Voc input voltage range will 
therefore 
require a minimum supply voltage of 4.950 Voc over temperature 
variations. 
initial tolerance 
and loading. 


Note 6: Typicals are at 2S-C and represent 
most likely parametric 
norm. 


Note 7: Tested Umits are guaranteed 
to National's 
AOOL (Average Outgoing Quality Level). 


Note 8: Design Umits are guaranteed. 
but not 100% production 
tested. These lim~s are not used to calculate 
outgoing quality levels. 


Note 9: Channel leakage current is measured after the channel selection. 


Note 
10: 1 count = VREF/256. 


Note 
11: Human body model; 100 pF discharged 
through a 1.5 kO resistor. 
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MUXADDRESS 
ANALOG 
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As 
A4 
A3 
A2 
A1 
Ao 
SELECTED 
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0 
X 
X 
X 
CHO 
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0 
1 
X 
X 
X 
CH1 
~- 


0 
0 
0 
1 
0 
X 
X 
X 
CH2 
0 
0 
0 
1 
1 
X 
X 
X 
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I, 


0 
0 
1 
0 
0 
X 
X 
X 
CH4 
0 
0 
1 
0 
1 
X 
X 
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Ie. 
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CH7 
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1 
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X 
X 
CH15 
1 
0 
0 
0 
0 
X 
X 
X 
CH16 
1 
0 
0 
0 
1 
X 
X 
X 
CH17 
1 
0 
0 
1 
0 
X 
X 
X 
CH18 
1 
0 
0 
1 
1 
X 
X 
X 
VTEST 
1 
0 
1 
0 
0 
X 
X 
X 
No Channel 
Select 
1 
0 
1 
0 
1 
X 
X 
X 
No Channel 
Select 
1 
0 
1 
1 
0 
X 
X 
X 
No Channel 
Select 
1 
0 
1 
1 
1 
X 
X 
X 
No Channel 
Select 
1 
1 
X 
X 
X 
X 
X 
X 
Logic Test Mode· 
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Functional Description 


1.0 DIGITAL 
INTERFACE 


The ADC0819 
uses five input/output 
pins to implement 
the 


serial interface. 
Taking 
chip select 
(~) 
low enables 
the I/O 
data lines (DO and 01) and the serial clock 
input (SCLK). The 


result of the last conversion 
is transmitted 
by the A/Don 
the 
DO line, while 
simultaneously 
the 
01 line receives 
the 
ad- 
dress data that selects 
the mux channel 
for the next conver· 
sion. 
The 
mux address 
is shifted 
in on the 
rising 
edge 
of 
SCLK and the conversion 
data 
is shifted 
out on the falling 


edge. 
It takes 
eight SCLK cycles 
to complete 
the serial 
I/O. 
A second 
clock 
(</>2) 
controls 
the SAR during the conversion 
process 
and must be continuously 
enabled. 


1.1 CONTINUOUSScLK 


With a continuous 
SCLK input CS must be used to synchro- 
nize the serial data exchange 
(see Figure 
1). The ADC0819 


recognizes 
a valid ~ 
one to three 
</>2 clock 
periods 
after 


the actual 
falling edge of CS. This is implemented 
to ensure 


noise immunity 
of the ~ 
signal. Any spikes on ~ 
less than 
one 
</>2 clock 
period 
will be ignored. 
CS must 
remain 
low 
during 
the complete 
I/O 
exchange 
which 
takes 
eight SCLK 
cycles. 
Although 
~ 
is not immediately 
acknowledged 
for 


the purpose 
of starting 
a new conversion, 
the falling edge of 


~ 
immediately 
enables 
DO to output 
the MSB (07) 
of the 
previous 
conversion. 


The first SCLK rising edge will be acknowledged 
after a set- 
up time 
(tset-up) has elapsed 
from 
the falling 
edge 
of ~. 


This and the following 
seven 
SCLK rising edges 
will shift in 


the channel address forthe 
analog multiplexer. 
Since there are 


19 channels 
only five address 
bits are utilized. 
The first five 


SCLK cycles 
clock 
in the mux address, 
during the next three 


SCLK cycles the analog input is selected 
and sampled. 
During 


SERiAl 
OATA 


INPUT 
5 MSB OUTPUT 


SERIAL DATA 
INPUT 


5 MSB OUTPUT 


this mux address/sample 
cycle, 
data from 
the last conver- 


sion is also clocked 
out on DO. Since 
07 was clocked 
out 


on the falling edge of CS only data bits 06-00 
remain to be 


received. 
The following 
seven falling edges of SCLK shift out 


this data on DO. 


The 8th SCLK falling edge initiates the beginning 
of the A/D's 


actual 
conversion 
process 
which 
takes 
between 
26 and 32 


</>2 cycles 
(Td. During 
this 
time c:;s can 
go 
high 
to TRI- 


STATE 
DO and disable 
the SCLK input or it can remain 
low. 


If CS is held Iowa 
new I/O exchange 
will not start until the 


conversion 
sequence 
has been 
completed, 
however 
once 


the conversion 
ends serial I/O will immediately 
begin. Since 


there 
is an ambiguity 
in the conversion 
time (Td synchroniz- 


ing the data exchange 
is impossible. 
Therefore 
CS should 


go high before the 26th 
</>2 clock 
has elasped 
and return low 


after the 32nd 
</>2 to synchronize 
serial communication. 


A conversion 
or I/O operation 
can be aborted 
at any time by 


strobing CS. If CS is high or low less than one </>2 clock 
it will 


be ignored 
by the 
AID. 
If the 
CS is strobed 
high 
or low 


between 
1 to 3 </>2 clocks 
the A/D 
mayor 
may not respond. 


Therefore 
~ 
must be strobed 
high or low greater 
than 3 </>2 


clocks 
to 
ensure 
recognition. 
If a conversion 
or 
I/O 
ex- 


change 
is aborted 
while 
in process 
the 
consequent 
data 


output 
will 
be erroneous 
until 
a complete 
conversion 
se- 


quence 
has been implemented. 


1.2 DISCONTINUOUS 
SCLK 


Another 
way to accomplish 
synchronous 
serial communica- 


tion is to tie CS low continuously 
and disable 
SCLK after its 


8th falling 
edge 
(see Figure 
2). SCLK must 
remain 
low for 
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conversion 
time is not known. 
With ~ 
low during 
the con- 
version 
time 
(32 
<1>2 max) 
DO will go high or low after 
the 


eighth 
falling 
edge of SClK 
until the conversion 
is complet- 
ed. 
Once 
the 
conversion 
is through 
DO will 
transmit 
the 


MSB. The rest of the data will be shifted 
out once 
SClK 
is 


enabled 
as discussed 
previously. 


If ~ 
goes 
high during 
the conversion 
sequence 
DO is tri- 
stated, 
and the result is not affected 
so long as ~ 
remains 


high until the end of the conversion. 


1.2 MULTIPLEXER 
ADDRESSING 


The five bit mux address 
is shifted. 
MSB first, into 01. Input 


data corresponds 
to the channel 
selected 
as shown 
in table 


1. Care should 
be taken not to send an address 
greater 
than 


or equal 
to twenty 
four 
(11XXX) 
as this 
puts the AID 
in a 


digital 
testing 
mode. 
In this 
mode 
the 
analog 
inputs 
CHO 


thru CH4 become 
digital 
outputs, 
for our use in production 


testing. 


2.0 ANALOG 
INPUT 


2.1 THE INPUT SAMPLE 
AND ti0LD 


The ADC0819's 
sample/hold 
capacitor 
is implemented 
in its 


capacitive 
ladder 
structure. 
After the channel 
address 
is re- 


ceived, 
the ladder 
is switched 
to sample 
the proper 
analog 


input. This sampling 
mode is maintained 
for 1 ",sec after the 


capacitance 
to 
settle 
to 
the 
analog 
input 
voltage. 
Any 


change 
in the analog 
voltage 
before 
or after the acquisition 


window 
will not effect 
the AID 
conversion 
result. 


In the most simple 
case, the ladder's 
acquisition 
time is de- 


termined 
by the Ron (3K) of the multiplexer 
switches 
and the 
total ladder capacitance 
(90pf). These values yield an acqui- 
sition 
time of about 
2 ",sec 
for a full scale 
reading. 
There- 


fore 
the 
analog 
input 
must 
be stable 
for at least 
2 ",sec 


before 
and 
1 ",sec 
after 
the 
eighth 
SClK 
falling 
edge 
to 


ensure 
a proper 
conversion. 
External 
input 
source 
resist- 


ance and capacitance 
will lengthen 
the acquisition 
time and 


should 
be accounted 
for. 


Other conventional 
sample 
and hold error specifications 
are 


included 
in the error and timing 
specs 
of the AID. 
The hold 


step 
and gain error 
sample/hold 
specs 
are taken 
into ac- 


count 
in the 
ADC0819's 
total 
unadjusted 
error, 
while 
the 


hold settling 
time 
is included 
in the AID's 
max conversion 


time 
of 32 
<1>2 clock 
periods. 
The 
hold 
droop 
rate can 
be 


thought 
of as being zero since an unlimited 
amount 
of time 


can 
pass 
between 
a conversion 
and 
the 
reading 
of data. 


However, 
once the data is read it is lost and another 
conver- 


sion is started. 
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Temperllture 
Range 
crCto 
+70'C 
- 4crC to 
+ 8S'C 


Total Unadjusted 
I 
± V. LSB 
ADC0819SCN 
ADC0819BCV 
Error 
I 
±1 
LSS 
ADC0819CCV 
ADC0819CIN 


Package 
Outline 
N28S 
V28A 
N28S 


o 
N 
~ f}1National 
Semiconductor 


ADC0820 8-Bit High Speed fLP Compatible 
A/D Converter with Track/Hold 
Function 


VIIEFI+1 
Ofl 


4·BIT 
.(~ 


FLASH 
Aac 


(4 MSls) 


Vwl-I 


4-BIT 


OA' 


VW-l+) 
4·81T 
FLASH 
Aac 
'CUBI) 


VIlEf(-1 


General Description 


By 
using 
a 
half-flash 
conversion 
technique, 
the 
8-bit 


ADC0820 
CMOS 
AID 
offers 
a 1.5 p.s conversion 
time and 


dissipates 
only 
75 mW of power. 
The 
half-flash 
technique 


consists 
of 32 comparators, 
a most 
significant 
4-bit 
ADC 


and a least significant 
4-bit ADC. 


The input to the ADC0820 
is tracked 
and held by the input 


sampling 
circuitry 
eliminating 
the need for an external 
sam- 


ple-and-hold 
for signals 
moving 
at less than 
100 mV I p.s. 


For ease of interface 
to microprocessors, 
the ADC0820 
has 


been designed 
to appear 
as a memory 
location 
or 1/0 port 


without 
the need for external 
interfacing 
logic. 


Key Specifications 


• 
Resolution 


• 
Conversion 
Time 


8 Bits 


2.5 P.s Max (RD Mode) 
1.5 p.s Max (WR-RD 
Mode) 


• 
Input 
signals 
with 
slew 
rate 
of 
100 
mV IP.s converted 


without 
external 
sample-and-hold 
to 8 bits 


• 
Low Power 


• 
Total 
Unadjusted 
Error 


75 mW Max 


± 'I. LSB and ± 1 LSB 


Dual-In-Llne, 
Small Outline 
and 
SSOP Packages 


VIH 
1 
20 
Vcc 


DBO 
2 
19 
He 


081 
3 
18 
Of[ 


082 
• 


17 
087 


DB3 
5 
16 
086 


\YR/RDV 
6 
15 
085 


WODE 
7 
14 
D84 


iiii 
8 
13 
cs 


iHT 
9 
12 
VREF(+) 


GHD 
10 
11 
VREFH 
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Top View 


Molded 
Chip Carrier 
Package 


cs 


VREF(+) 
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GND 
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Features 


• 
Built-in 
track-and-hold 
function 


• 
No missing 
codes 


• 
No external 
clocking 


• 
Single 
supply-5 
Voc 
• 
Easy 
interface 
to 
all 
microprocessors, 
or 
operates 


stand-alone 


• 
Latched 
TRI-STATE«> 
output 


• 
Logic 
inputs 
and outputs 
meet 
both 
MOS 
and T2L volt- 


age level specifications 


• 
Operates 
ratiometrically 
or 
with 
any 
reference 
value 


equal to or less than 
Vcc 


• 
OV to 5V analog 
input voltage 
range 
with single 
5V 


supply 


• 
No zero or full-scale 
adjust 
required 


• 
Overflow 
output 
available 
for cascading 


• 
0.3" 
standard 
width 
20-pin 
DIP 


• 
20-pin 
molded 
chip carrier 
package 


• 
20-pin 
small outline 
package 


• 
20-pin 
shrink 
small outline 
package 
(SSOP) 


on 
087 


086 


085 
0•• 


OUTPUT 


LATCH 
A.O 


Till-STATE 
BUFfERS 
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Absolute Maximum Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Lead Temp. 
(Soldering, 
10 sec.) 


please 
contact 
the 
National 
Semiconductor 
Sales 
Dual-In-Line 
Package 
(plastic) 
260·C 


Office/Distributors 
for 
availability 
and 
specifications. 
Dual-In-Line 
Package 
(ceramic) 
300·C 


Supply Voltage 
(Vccl 
10V 
Surface 
Mount 
Package 


Logic Control 
Inputs 
-0.2Vto 
Vcc 
+0.2V 
Vapor Phase (60 sec.) 
215·C 


Infrared 
(15 sec.) 
220·C 
Voltage 
at Other Inputs and Output 
-0.2VtoVcc 
+0.2V 


Storage 
Temperature 
Range 
- 65·C to + 150·C 
Operating 
Ratings 
(Notes 
1 & 2) 


Package 
Dissipation 
at TA = 25·C 
875mW 
Temperature 
Range 
TMIN,;;TA,;;TMAX 


Input Current 
at Any Pin (Note 5) 
1 mA 
ADC0820CCJ 
-40·C,;;TA';; 
+85·C 


Package 
Input Current 
(Note 5) 
4mA 
ADC0820CIWM 
-40·C,;;TA';; 
+85·C 


ESD Susceptability 
(Note 9) 
1200V 
ADC0820BCN, 
ADC0820CCN 
0·C,;;TA,;;70·C 


ADC0820BCV, 
ADC0820CCV 
0·C,;;TA,;;70·C 


I 
ADC0820BCWM, 
ADC0820CCWM 
0·C,;;TA,;;70·C 


ADC0820CCMSA 
0·C,;;TA,;;70·C 


Vcc 
Range 
4.5Vto 
8V 


Converter 
Characteristics 
The following 
specifications 
apply for RD mode (pin 7 = 0), Vcc = 5V, VREF( +) = 5V, 
and 
VREF( -) 
= GND 
unless 
otherwise 
specified. 
Boldface 
limits 
apply 
from 
TMIN to 
T MAX; all other 
limits 
TA = Tj = 25·C. 


ADC0820BCN, 
ADC0820CCN 


ADC0820CCJ 
ADC0820BCV, 
ADC0820CCV 


ADC0820BCWM, 
ADC0820CCWM 


Parameter 
Conditions 
ADC0820CCMSA, 
ADC0820CIWM 
Limit 


Units 


Typ 
Tested 
Design 
Typ 
Tested 
Design 


Limit 
Limit 
Limit 
Limit 
(Note 
6) 
(Note 
7) 
(Note 
8) 
(Note 
6) 
(Note 
7) 
(Note 
8) 


Resolution 
8 
8 
8 
Bits 


Total Unadjusted 
ADC0820BCN, 
BCWM 
±'12 
±% 
LSB 


Error 
ADC0820CCJ 
±1 
LSB 


(Note 3) 
ADC0820CCN, 
CCWM, GIWM, 
±1 
±1 
LSB 


ADC0820CCMSA 
±1 
±1 
LSB 


Minimum 
Reference 
2.3 
1.00 
2.3 
1.2 
kn 


Resistance 


Maximum 
Reference 
! 
2.3 
6 
2.3 
5.3 
6 
kn 


Resistance 


Maximum 
VREF( +) 
-.., 


Vcc 
Vcc 
Vcc 
V 


Input Voltage 


Minimum 
VREF( -) 
GND 
GND 
GND 
V 


Input Voltage 


Minimum 
VREF( +) 
VREF(-) 
VREF(-) 
VREF(-) 
V 


Input Voltage 


Maximum 
VREF( -) 
VREF(+) 
VREF(+) 
VR.EF(+) 
V 


Input Voltage 


Maximum 
VIN Input 
Vcc+0.1 
Vcc+0.1 
Vcc+0•1 
V 


Voltage 


Minimum 
VIN Input 
GND-0.1 
GND-0.1 
GND-0.1 
V 


Voltage 


Maximum 
Analog 
~=Vcc 


Input Leakage 
VIN=VCC 
3 
0.3 
3 
JJ-A 
Current 
VIN=GND 
-3 
-0.3 
-3 
JJ-A 


Power Supply 
VCC=5V±5% 
±1j,. 
±'!4 
±'I,. 
±'!4 
±'!4 
LSB 


Sensitivity 


'"'_ 
••.•.•.•.•.•.••.•. 
_ 
•••••.• 
, 
___ 
"""'6",, 
__ 
1'1 


ADC0820CCJ 
ADC0820BCV, 
ADC0820CCV 


ADC0820BCWM, 
ADC0820CCWM 


limit 
Parameter 
Conditions 
ADC0820CCMSA, 
ADC0820CIWM 
Units 


Typ 
Tested 
Design 
Typ 
Tested 
Design 


Limit 
Limit 
Limit 
Limit 
(Note 
6) 
(Note 
7) 
(Note 
8) 
(Note 
6) 
(Note 
7) 
(Note 
8) 


VIN(1), Logical 
"1" 
Vcc=5.25V 
CS,WR,RD 
2.0 
2.0 
2.0 
V 


Input Voltage 
Mode 
3.5 
3.5 
3.5 
V 


VIN(O), Logical 
"0" 
Vcc=4.75V 
CS,WR,RD 
0.8 
0.8 
0.8 
V 
Input Voltage 
Mode 
1.5 
1.5 
1.5 
V 


IIN(1)' Logical 
"1" 
VIN(1)=5V; 
CS, RD 
0.005 
1 
0.005 
1 
)LA 


Input Current 
VIN(1) = 5V; WR 
0.1 
3 
0.1 
0.3 
3 
)LA 


VINC1l= 5V; Mode 
50 
200 
50 
170 
200 
)LA 


IIN(O),Logical 
"0" 
VIN(O)= OV; CS, RD, WR, 
-0.005 
-1 
-0.005 
-1 
)LA 
Input Current 
Mode 


VOUT(1)' Logical 
"1" 
Vcc=4.75V, 
IOUT= -360 
)LA; 
2.4 
2.8 
2.4 
V 
Output Voltage 
DBO-DB7, 
OFL, INT 


Vcc=4.75V,IOUT= 
-10 
)LA; 
4.5 
4.6 
4.5 
V 


DBO-DB7, 
OFL, INT 


VOUT(O). Logical "a" 
Vcc=4.75V,IOUT=1.6 
mA; 
0.4 
0.34 
0.4 
V 
Output Voltage 
DBO-DB7, 
OFL, INT, ROY 


lOUT, TRI-STATE 
VOUT=5V; 
DBO-DB7, 
ROY 
0.1 
3 
0.1 
0.3 
3 
)LA 


Output Current 
VOUT=OV; 
DBO-DB7, 
ROY 
-0.1 
-3 
-0.1 
-0.3 
-3 
)LA 


ISOURCE, Output 
VOUT=OV; 
DBO-DB7, ru=c 
-12 
-6 
-12 
-7.2 
-6 
mA 


Source 
Current 
INT 
-9 
-4.0 
-9 
-5.3 
-4.0 
mA 


ISINK' Output 
Sink 
VOUT=5V; 
DBO-DB7, 
OFC, 
14 
7 
14 
8.4 
7 
mA 


Current 
INT, ROY 


Icc, Supply Current 
CS=WR=RD=O 
7.5 
15 
7.5 
13 
15 
mA 


AC Electrical Characteristics 
The following 
specifications 
apply for VCC= 5V, t,= tf= 20 ns, VREF( +)= 
5V, 
VREF( -) 
= OV and TA = 25'C 
unless otherwise 
specified. 


Typ 
Tested 
Design 
Parameter 
Conditions 
Limit 
Limit 
Units 
(Note 
6) 
(Note 
7) 
(Note 
8) 


tCRD, Conversion 
Time for RD Mode 
Pin 7 = 0, (Figure 2) 
1.6 
2.5 
)Ls 


tACCO,Access 
Time (Delay from 
Pin 7 = 0, (Figure 2) 
tCRD+20 
tCRD+50 
ns 
Falling Edge of RD to Output Valid) 


!cWR-RD, Conversion 
Time for 
Pin 7 = VCC; tWR = 600 ns, 
1.52 
)Ls 
WR-RDMode 
tRD = 600 ns; (Figures 
3a and 3b) 


tWR, Write Time 
I 
Min 
Pin 7 = VCC; (Figures 
3a and 3b) 
600 
ns 


I 
Max 
(Note 4) See Graph 
50 
)Ls 


tRD, Read Time 
Min 
Pin 7 = VCC; (Figures 
3a and 3b) 
600 
ns 


(Note 4) See Graph 


tACC1, Access 
Time (Delay from 
Pin 7 = VCC, tRO<t,; 
(Figure3a) 


Falling 
Edge of RD to Output Valid) 
CL =15 
pF 
190 
280 
ns 


CL =100pF 
210 
320 
ns 


tACC2, Access 
Time (Delay from 
Pin 7 = Vcc, tRD>tl; 
(Figure3b) 


Falling Edge of RD to Output Valid) 
CL =15 
pF 
70 
120 
ns 


CL =100pF 
90 
150 
ns 


tACC3, Access 
Time (Delay from Rising 
RpULLUP = 
1kandCL 
= 
15pF 
30 
ns 
Edge of ROY to Output Valid) 


AC Electrical Characteristics 
(Continued) 
The following 
specifications 
apply for Vcc= 
5V, tr=tl= 
20 ns, 
VREF( +) = 5V, VREF( -) 
= OV and TA = 25'C unless otherwise 
specified. 


Typ 
Tested 
Design 
Parameter 
Conditions 
Limit 
Limit 
Units 
(Note 
6) 
(Note 
7) 
(Note 
8) 


tlo Internal 
Comparison 
Time 
Pin 7 = Vcc; (Figures 
3b and 4) 
800 
1300 
ns 
CL =50 
pF 


t1H, loH, TRI-STATE 
Control 
RL = 1k, CL = 10 pF 
100 
200 
ns 
(Delay from Rising Edge of RD to 
Hi-ZState) 


trFl'rL, Delay from Rising Edge of 
Pin 7 = Vcc, 
CL = 50 pF 
WR to Falling Edge of INT 
tRD>t,; 
(Figure3b) 
tl 
ns 
tRD <t,; (Figure 3a) 
tRD+200 
tRD+290 
ns 


trFl'rH, Delay from Rising Edge of 
(Figures 2, 3a and 3b) 
125 
225 
ns 
1m to Rising Edge of INT 
CL =50 
pF 


trFl'rHWR. Delay from Rising Edge of 
(Figure 4), CL = 50 pF 
175 
270 
ns 
WR to Risi~ng Edge of TN'!' 


tROY, Delay from CS to RDY 
(Figure 2), CL = 50 pF, Pin 7 = 0 
50 
100 
ns 


tlD, Delay from TN'!' to Output Valid 
(Figure 4) 
20 
50 
ns 


tRI, Delay from l1IJ to IN'i' 
Pin 7=VCC, 
tRD<tl 
200 
290 
ns 
(Figure3a) 


tp, Delay from End of Conversion 
(Figures 2. 3a. 3b and 4) 
500 
ns 
to Next Conversion 
(Note 4) See Graph 


Slew Rate, Tracking 
0.1 
V/!'-s 


CVIN, Analog 
Input Capacitance 
45 
pF 


COUT, Logic Output Capacitance 
5 
pF 


CIN. Logic Input Capacitance 
5 
pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specified 
operating 
conditions. 


Note 2: All voltages are measured with respect to the GND pin, unless otherwise 
specified. 


Note 3: Total unadjusted 
error includes offset. full-scale, 
and linearity errors. 


Note 4: Accuracy 
may degrade 
if tWA or tAD is shorter than the minimum value specified. See Accuracy vs tWR and Accuracy vs tAD graphs. 


Note 5: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN < V- 
or VtN > V+) the absolute value of current at that pin should be limited 
to 1 mA or less. The 4 mA package input current limits the number of pins that can exceed the power supply boundaries 
with a 1 mA current limit to four. 


Not. 6: Typicals are at 2SoC and represent 
most likely parametric 
norm. 


Not. 7: Tested limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Not. 8: Design limits are guaranteed 
but not 100% tested. These limits are not used to calculate 
outgoing quality levels. 


Nole 9: Humanbody modal,100pF discharagedthrougha 1.5kO rasistor. 
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FIGURE 
4. WR-RD 
Mode 
(Pin 7 is High) 


Stand-Alone 
Operation 


TL/H/5501-9 
FIGURE 
3b. WR-RD 
Mode 
(Pin 7 18High and tRD> tl) 
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Description 
of Pin Functions 
Pin Name 
Function 


1 
VIN 
Analog input; range =GND:<;;VIN:<;;VCC 
2 
DBO 
TRI-STATE data output-bit 
0 (LSB) 
3 
DB1 
TRI-STATE data output-bit 
1 
4 
DB2 
TRI-STATE data output-bit 
2 
5 
DB3 
TRI-STATE data output-bit 
3 
6 
WR/RDY 
WR·RO 
Mode 
WR: With ~ 
low, the conversion is start- 
ed on the falling edge of WR. Approxi- 
mately 800 ns (the preset internal time 
out, tl) after the WR rising edge, the result 
of the conversion will be strobed into the 
output latch, provided that RD does not 
occur prior to this time out (see Figures 
3a and 3b). 
ROMode 
ROY: This is an open drain output (no in- 
ternal pull-up device). RDY will go low af- 
ter the falling edge of ~; 
RDY will go 
TRI-STATE when the result of the conver- 
sion is strobed into the output latch. It is 
used to simplify the interface to a micro- 
processor system (see Figure 2). 


7 
Mode 
Mode: 
Mode selection input-it 
is inter- 
nally tied to GND through a 50 JLAcurrent 
source. 
RO Mode: When mode is low 
WR-RO 
Mode: When mode is high 
8 
RD 
WR-RO 
Mode 
With ~ 
low, the TRI-STATE data outputs 
(DBO-DB7) will be activated when RD 
goes low (see Figure 4). RD can also be 
used to increase the speed of the con- 
verter by reading data prior to the preset 
internal time out (tl, - 800 ns). If this is 
done, the data result transferred to output 
latch is latched after the falling edge of 
the RD (see Figures 
3a and 3b). 
ROMode 
With ~ 
low, the conversion will start with 
RD going low, also RD will enable the 
TRI-STATE data outputs at the comple- 
tion of the conversion. RDY going TRI- 
STATE and INT going low indicates the 
completion of the conversion (see Figure 


2). 


1.0 Functional Description 


1.1 GENERAL 
OPERATION 
The ADC0820 uses two 4-bit flash AID converters to make 
an 8-bit measurement (Figure 
1). Each flash ADC is made 
up of 15 comparators which c')mpare the unknown input to 
a reference ladder to get a 4-bit result. To take a full 8-bit 
reading, one flash conversion is done to provide the 4 most 
significant data bits (via the MS flash ADC). Driven by the 4 
MSBs, an internal DAC recreates an analog approximation 
of the input voltage. This analog signal is then subtracted 
from the input, and the difference voltage is converted by a 
second 4-bit flash ADC (the LS ADC), providing the 4 least 
significant bits of the output data word. 


Pin Name 


9 
INT 


10 
GND 
11 
VREF(-) 


12 
VREF(+) 


13 ~ 


14 
DB4 
15 
DB5 
16 
DB6 
17 
DB7 
18 OF[ 


19 
NC 
20 
Vcc 


WR-ROMode 
INT going low indicates that the conver- 
sion is completed and the data result is in 
the output latch. INT will go low, - 800 ns 
(the preset internal time out, tl) after the 
rising edge of WR (see Figure 
3b); or INT 
will go low after the falling edge of RD, if 
RD goes low prior to the 800 ns time out 
(see Figure 
3a). INT is reset by the rising 
edge of RD or ~ 
(see Figures 
3a and 
3b). 
ROMode 
INT going low indicates that the conver- 
sion is completed and the data result is in 
the output latch. INT is reset by the rising 
edge of RD or ~ 
(see Figure 2). 


Ground 
The bottom of resistor ladder, voltage 
range: GND:<;;VREF(-):<;;VREF(+)(Note 
5) 
The top of resistor ladder, voltage range: 
VREF(-):<;;VREF(+):<;;Vcc(Note 5) 
~ 
must be low in order for the AD or WR 
to be recognized by the converter. 
TRI-STATE data output-bit 
4 
TRI-STATE data output-bit 
5 
TRI-STATE data output-bit 
6 
TRI-STATE data output-bit 
7 (MSB) 
Overflow output-If 
the analog input is 
higher than the VREF(+), OF[ will be low 
at the end of conversion. It can be used to 
cascade 2 or more devices to have more 
resolution (9, 10-bit). This output is always 
active and does not go into TRI-STATE 
as DBO-DB7 do. 
No connection 
Power supply voltage 


The internal DAC is actually a subsection of the MS flash 
converter. This is accomplished by using the same resistor 
ladder for the AID as well as for generating the DAC signal. 
The DAC output is actually the tap on the resistor ladder 
which most closely approximates the analog input. In addi- 
tion, the "sampled-data" comparators used in the ADC0820 
provide the ability to compare the magnitudes of several 
analog signals simultaneously, without using input summing 
amplifiers. This is especially useful in the LS flash ADC, 
where the signal to be converted is an analog difference. 


1.0 Functional Description 
(Continued) 


1.2 THE SAMPLED-DATA 
COMPARATOR 


Each 
comparator 
in the ADC0820 
consists 
of a CMOS 
in- 


verter 
with 
a capacitively 
coupled 
input 
(Figure 
5). Analog 


switches 
connect 
the 
two 
comparator 
inputs 
to the 
input 
capacitor 
(C) and also connect 
the inverter's 
input and out- 


put. This device 
in effect 
now has one differential 
input pair. 


A comparison 
requires 
two cycles, 
one for zeroing 
the com- 
parator, 
and another 
for making 
the comparison. 


In the first cycle, 
one input 
switch 
and the inverter's 
feed- 
back 
switch 
(Figure 
5a) are 
closed. 
In this 
interval, 
C is 


charged 
to the connected 
input (V1) less the inverter's 
bias 


voltage 
(VB, approximately 
1.2V). 
In the second 
cycle 
(Fig- 


ure 5b), these 
two switches 
are opened 
and the other 
(V2) 


input's 
switch 
is closed. 
The input capacitor 
now subtracts 


its stored 
voltage 
from the second 
input and the difference 
is amplified 
by the inverter's 
open 
loop gain. The inverter's 


input (VB') becomes 
C 
VB-(V1-V2)-- 
C+Cs 


and the output 
will go high or low depending 
on the sign of 
VB'-VB· Vl-o--e}C~ 


A 
Vo 
VB 
V2~ 
JCS 


• Vo = VB 


• V on C ~ VI - Va 


• Cs = stray input 
node capacitor 


• VB = inverter input 
bias voltage 


The 
actual 
circuitry 
used 
in the ADC0820 
is a simple 
but 


important 
expansion 
of 
the 
basic 
comparator 
described 


above. 
By adding 
a second 
capacitor 
and 
another 
set 
of 


switches 
to the input (Figure 6), the scheme 
can be expand- 


ed to make dual differential 
comparisons. 
In this circuit, 
the 


feedback 
switch 
and one input switch 
on each capacitor 
(Z 


switches) 
are closed 
in the zeroing 
cycle. 
A comparison 
is 


then made by connecting 
the second 
input on each capaci- 


tor and opening 
all of the other 
switches 
(S switches). 
The 


change 
in voltage 
at the inverter's 
input, as a result 
of the 


change 
in charge 
on each input capacitor, 
will now depend 


on both input signal differences. 


1.3 ARCHITECTURE 


In the 
ADC0820, 
one 
bank 
of 
15 comparators 
is used 
in 


each 
4-bit 
flash 
AID 
converter 
(Figure 
1). The 
MS 
(most 


significant) 
flash ADC also has one additional 
comparator 
to 


detect 
input overrange. 
These 
two sets of comparators 
op- 


erate 
alternately, 
with 
one group 
in its zeroing 
cycle 
while 


the other 
is comparing. 
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-Yo' 
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FIGURE 
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1.0 Functional Description 
(Continued) 


When 
a typical 
conversion 
is started, 
the WR line is brought 


low. At this instant 
the MS comparators 
go from 
zeroing 
to 
comparison 
mode 
(Figure 8). When 
WR is returned 
high af- 


ter at least 600 ns, the output 
from the first set of compara- 


tors (the first flash) is decoded 
and latched. 
At this point the 


two 4-bit converters 
change 
modes and the lS 
(least signifi- 


cant) flash ADC enters 
its compare 
cycle. 
No less than 600 


ns later, the RD line may be pulled 
low to latch the lower 4 


data bits and finish the 8-bit conversion. 
When RD goes low, 
the flash 
AIDs 
change 
state 
once 
again 
in preparation 
for 


the next conversion. 


Figure 
8 also outlines 
how the converter's 
interface 
timing 


relates 
to 
its analog 
input 
(VIN). In WR-RD 
mode, 
VIN 
IS 


measured 
while 
WR is low. 
In RD mode, 
sampling 
occurs 


during 
the first 800 ns of RD. Because 
of the input connec- 


tions 
to the ADC0820's 
lS 
and MS comparators, 
the con- 


verter 
has the ability 
to sample 
VIN at one instant 
(Section 


2.4), despite 
the fact that two separate 
4-bit conversions 
are 


being done. 
More specifically, 
when WR is low the MS f1a~h 


is in compare 
mode 
(connected 
to VIN), and the lS 
flash 
IS 


in zero mode 
(also connected 
to VIN). Therefore 
both flash 


ADCs sample 
VIN at the same time. 


1.4 DIGITAL 
INTERFACE 


The ADC0820 
has two basic interface 
modes which 
are se- 
lected 
by strapping 
the MODE 
pin high or low. 


RDMode 


With the MODE 
pin grounded, 
the converter 
is set to Read 


mode. 
In this configuration, 
a complete 
conversi~s 
done 


by pulling 
RD low until output 
data appears. 
An INT line is 
provided 
which 
goes 
low at the end 
of the conversion 
as 


well as a ROY output 
which 
can be used to signal a proces- 


sor that the converter 
is busy or can also serve as a system 


Transfer 
Acknowledge 
signal. 


B"\..... 
I 


1!Il~ 
1 
\..•.._---_. 


RDy~ 
•••• 
r 
\__ 1 


DBO-DBI 
- -------------( 
)-------- 


When 
in RD mode, 
the 
comparator 
phases 
are internally 


triggered. 
At the falling 
edge of RD, the MS flash 
converter 


goes from 
zero to compare 
mode 
and the lS 
ADC's 
com- 


parators 
enter 
their zero cycle. 
After 
800 ns, data from 
the 


MS flash 
is latched 
and the lS 
flash 
ADC enters 
compare 


mode. 
Following 
another 
800 ns, the lower 4 bits are recov- 
ered. 


WR then 
RD Mode 


With the MODE pin tied high, the AID 
will be set up for the 


WR-RD 
mode. 
Here, 
a conversion 
is started 
with 
the 
WR 
input; however, 
there 
are two options 
for reading 
the output 


data 
which 
relate 
to interface 
timing. 
If an interrupt 
driven 


scheme 
is desired, 
the user can wait for INT to go low be- 


fore 
reading 
the conversion 
result 
(Figure 8). INT will typi- 


cally 
go low 800 
ns after 
WR's 
rising 
edge. 
However, 
if a 


shorter 
conversion 
time is desired, 
the processor 
need 
not 


wait for INT and can exercise 
a read after only 600 ns (Fig- 


ure A). If this is done, 
INT will immediately 
go low and data 


will appear 
at the outputs. 
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FIGURE 
B. WR·RD 
Mode 
(Pin 7 is High and tRO> t,) 


Stand·Alone 


For stand-alone 
operation 
in WR-RD 
mode, CS and RD can 


be tied low and a conversion 
can be started 
with WR. Data 


will 
be 
valid 
approximately 
800 
ns following 
WR's 
rising 


edge. 
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OTHER 
INTERFACE 
CONSIDERATIONS 


In order to maintain conversion accuracy, WR has a maxi- 
mum width spec of 50 !,-s.When the MS flash ADC's sam- 
pled-data comparators (Section 1.2) are in comparison 
mode (WR is low), the input capacitors (C, Figure 
6) must 


hold their charge. Switch leakage and inverter bias current 
can cause errors if the comparator is left in this phase for 
too long. 
Since the MS flash ADC enters its zeroing phase at the end 
of a conversion (Section 1.3), a new conversion cannot be 
started until this phase is complete. The minimum spec for 
this time (tp, Figures 
2, 3a, 3b, and 4) is 500 ns. 


2.0 Analog Considerations 


2.1 REFERENCE 
AND INPUT 


The two VREFinputs of the ADC0820 are fully differential 
and define the zero to full-scale input range of the A to D 
converter. This allows the designer to easily vary the span 
of the analog input since this range will be equivalent to the 
voltage difference between V,N(+) and V,N(-). By reducing 
VREF(VREF= VREF(+) - VREF(-)) to less than 5V, the sen- 
sitivity of the converter can be increased (Le., if VREF=2V 
then 1 LSB=7.8 
mY). The input/reference 
arrangement 


also facilitates ratiometric operation and in many cases the 
chip power supply can be used for transducer power as well 
as the VREFsource. 
This reference flexibility lets the input span not only be var- 
ied but also offset from zero. The voltage at VREF(-) 
sets 


the input level which produces a digital output of all zeroes. 
Though V,N is not itself differential, the reference design 
affords nearly differential-input capability for most measure- 
ment applications. Figure 9 shows some of the configura- 
tions that are possible. 


2.2 INPUT CURRENT 
Due to the unique conversion techniques employed by the 
ADC0820, the analog input behaves somewhat differently 
than in conventional devices. The AID's sampled-data com- 
parators take varying amounts of input current depending 
on which cycle the conversion is in. 
The equivalent input circuit of the ADC0820 is shown in 
Figure 
10a. When a conversion starts ~ 
low, WR-RD 
mode), all input switches close, connecting VINto thirty-one 
1 pF capacitors. Although the two 4-bit flash circuits are not 
both in their compare cycle at the same time, V,N still sees 
all input capacitors at once. This is because the MS flash 
converter is connected to the input during its compare inter- 
val and the LS flash is connected to the input during its 
zeroing phase (Section 1.3). In other words, the LS ADC 
uses V,N as its zero-phase input. 


The input capacitors must charge to the input voltage 
through the on resistance of the analog switches (about 5 
kl1 to 10 kl1). In addition, about 12 pF of input stray capaci- 
tance must also be charged. For large source resistances, 
the analog input can be modeled as an RC network as 
shown in Figure 
10b. As Rs increases, it will take longer for 


the input capacitance to charge. 
In RD mode, the input switches are closed for approximately 
800 ns at the start of the conversion. In WR-RD mode, the 
time that the switches are closed to allow this charging is 
the time that WR is low. Since other factors force this time 
to be at least 600 ns, input time constants of 100 ns can be 
accommodated without special consideration. Typical total 
input capacitance values of 45 pF allow Rs to be 1.5 kl1 
without lengthening WR to give V,N more time to settle. 
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2.3 INPUT 
FILTERING 


It should be made clear that transients in the analog input 
signal, caused by charging current flowing into VIN, will not 
degrade the AI D's performance inmost cases. In effect the 
ADC0820 does not "look" 
at the input when these tran· 


sients occur. The comparators' outputs are not latched 
while WR is low, so at least 600 ns will be provided to 
charge the ADC's input capacitance. It is therefore not nec- 
essary to filter out these transients by putting an external 
cap on the VIN terminal. 


2.4 INHERENT 
SAMPLE·HOLD 


Another benefit of the ADC0820's input mechanism is its 
ability to measure a variety of high speed signals without the 
help of an external sample-and-hold. In a conventional SAR 
type converter, regardless of its speed, the input must re- 
main at least % LSB stable throughout the conversion pro- 
cess if full accuracy is to be maintained. Consequently, for 
many high speed signals, this signal must be externally 
sampled, and held stationary during the conversion. 


~ 


VIN 
•• c·~..L·A~YA..L V 
12~IT 32PFT 


Sampled-data comparators, by nature of their input switch- 
ing, already accomplish this function to a large degree (Sec- 
tion 1.2). Although the conversion time for the ADC0820 is 
1.5 JLs, the time through which VIN must be 1/2 LSB stable 
is much smaller. Since the MS flash ADC uses VIN as its 
"compare" input and the LS ADC uses VIN as its "zero" 
input. the ADC0820 only "samples" VIN when WR is low 
(Sections 1.3 and 2.2). Even though the two flashes are not 
done simultaneously, the analog signal is measured at one 
instant. The value of VIN approximately 100 ns after the 
rising edge of WR (100 ns due to internal logic prop delay) 
will be the measured value. 
Input signals with slew rates typically below 100 mV/ JLs can 
be converted without error. However, because of the input 
time constants, and charge injection through the opened 
comparator input switches. faster signals may cause errors. 
Still, the ADC0820's loss in accuracy for a given increase in 
signal slope is far less than what would be witnessed in a 
conventional successive approximation device. An SAR 
type converter with a conversion time as fast as 1 JLs would 
still not be able to measure a 5V 1 kHz sine wave without 
the aid of an external sample-and-hold. The ADC0820, with 
no such help, can typically measure 5V, 7 kHz waveforms. 
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ADDRESS 


COUNTERS 


• 1.3M samples/see 


·4kmemory 


Part Number 
Total 
Package 
Temperature 


Unadjusted 
Error 
Range 


ADC0820BCV 
V20A-Molded 
Chip 
O·Cto +700C 
Carrier 
ADC0820BCWM 
±%LSB 
M20B-Wide 
Body Small 
O·Cto +70·C 
Outline 
ADC0820BCN 
N20A-Molded 
DIP 
O·Cto +70·C 


ADC0820CCJ 
J20A-Cerdip 
- 40·C to + 85·C 
ADC0820CCMSA 
MSA2D- 
Shrink Small 
O·Cto +70·C 
Outline 
Package 
ADC0820CCV 
±1 LSB 
V20A-Molded 
Chip 
O·Cto +700C 
Carrier 
ADC0820CCWM 
M20B-Wide 
Body Small 
O·Cto +70·C 
Ou1line 
ADC0820CIWM 
M20B-Wide 
Body Small 
-40·Cto 
+ 85·C 
Outline 
ADC0820CCN 
N20A-Molded 
DIP 
O·Cto +70·C 


II 


ADC08311 ADC08321 ADC0834 and ADC0838 
8-Bit Serial 1/0 AID Converters with Multiplexer Options 


General Description 


The 
ADCOB31 
series 
are 
B-bit 
successive 
approximation 


AID converters 
with a serial I/O and configurable 
input mul- 


tiplexers 
with up to B channels. 
The serial I/O is configured 


to 
comply 
with 
the 
NSC 
MICROWIRETM 
serial 
data 
ex- 


change 
standard 
for easy interface 
to the COPSTM family of 


processors, 
and can interface 
with 
standard 
shift 
registers 


or JLPs. 


The 2-. 4- or B-channel 
multiplexers 
are software 
configured 


for single-ended 
or differential 
inputs as well as channel 
as- 


signment. 


The 
differential 
analog 
voltage 
input 
allows 
increasing 
the 


common-mode 
rejection 
and offsetting 
the analog 
zero in- 


put voltage 
value. 
In addition, 
the voltage 
reference 
input 


can be adjusted 
to allow encoding 
any smaller 
analog 
volt- 


age span to the full B bits of resolution. 


Features 


• 
NSC 
MICROWIRE 
compatible--<lirect 
interface 
to 


COPS 
family 
processors 


• 
Easy 
interface 
to 
all 
microprocessors, 
or 
operates 


"stand-alone" 


• 
Operates 
ratiometrically 
or with 5 Voc 
voltage 
reference 


• 
No zero or full-scale 
adjust 
required 


• 
2-, 
4- 
or 
B-channel 
multiplexer 
options 
with 
address 


logic 


• 
Shunt 
regulator 
allows 
operation 
with 
high 
voltage 


supplies 


• 
OV to 5V input range with single 
5V power 
supply 


• 
Remote 
operation 
with serial 
digital 
data 
link 


• 
TTL/MOS 
input/output 
compatible 


• 
0.3" 
standard 
width, 
B-, 14- or 20-pin 
DIP package 


• 
20 Pin Molded 
Chip Carrier 
Package 
(ADCOB3B only) 


• 
Surface-Mount 
Package 


Key Specifications 


• 
Resolution 
• 
Total 
Unadjusted 
Error 


• 
Single 
Supply 


• 
Low Power 
• 
Conversion 
Time 


B Bits 


±y. 
LSB and 
±1 
LSB 


5 VDC 
15mW 


32 JLs 


Absolute Maximum Ratings 
(Notes 1 & 2) 


If Military/Aerospace 
specified 
devices 
are required, 
Lead Temperature (Soldering 10 sec.) 
please 
contact 
the 
National 
Semiconductor 
Sales 
Dual-In-Line Package (Plastic) 
2600C 
Office/Distributors 
for availability 
and specifications. 
Dual-In-Line Package (Ceramic) 
300·C 


Current into V+ (Note 3) 
15mA 
Molded Chip Carrier Package 


Supply Voltage, Vcc (Note 3) 
6.5V 
Vapor Phase (60 sec.) 
215·C 


Infrared (15 sec.) 
220·C 
Voltage 
ESD Susceptibility (Note 5) 
2000V 
Logic Inputs 
-0.3V to Vcc + 0.3V 


Analog Inputs 
-0.3V to Vcc + 0.3V 
Operating Ratings 
(Notes 1 & 2) 
Input Current per Pin (Note 4) 
±5mA 
Package 
±20 mA 
Supply Voltage, Vcc 
4.5 Voc to 6.3 Voc 


Storage Temperature 
- 65·C to + 150·C 
Temperature Range 
TMINS:TAS:TMAX 


Package Dissipation 
ADC0831/8BCJ, 
ADC083114/8CCJ, 
at TA= 25·C (Board Mount) 
0.8W 
ADC0832BIWM, 
ADC083112/4/8CIWM 
-40·Cto 
+85·C 


ADC083112/1 4/8BCN, 
ADC0838BCV, 
ADC083112/4/8CCN, 
ADC0838CCV, 
ADC0831/2/4/8CCWM 
O·Cto +70·C 


Converter 
and Multiplexer 
Electrical Characteristics 


The following specifications apply for Vcc = V+ 
= VREF= 5V, VREFs: VCC +O.1V, TA = Tj = 25·C, and fCLK = 250 kHz 
unless otherwise specified. Boldface limits apply from TMINto TMAX. 


BCJ,BIWM, 
BCV, CCV, CCWM, BCN 
CIWM and CCJ Devices 
and CCN Devices 


Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 


Typ 
Limit 
Limit 
Typ 
Limit 
Limit 
(Note 12) 
(Note 13) 
(Note 14) (Note 12) 
(Note 13) 
(Note 14) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 
VREF=5.00V 


ADC0838BCV 
(Note 6) 
±% 
±% 


ADC0831/2/4/8BCN 
±% 
±% 
LSB 
ADC0831/8BCJ 
±% 


ADC0832BIWM 
±% 


ADC0838CCV 
, 
±1 
±1 


ADC083112/4/8CCN 
±1 
±1 


ADC083112/4/8CCWM 
±1 
±1 


ADC0831/4/8CCJ 
±1 


ADC0831/2/4/8CIWM 
±1 


Minimum Reference 
3.5 
1.3 
3.5 
1.3 
1.3 
kO 
Input Resistance (Note 7) 


Maximum Reference 
3.5 
5.9 
3.5 
5.4 
5.9 
kO 
Inpu1Resistance (Note 7) 


Maximum Common-Mode Input 
Vcc 
+0.05 
Vcc +0.05 
VCC+0•05 
V 
Range (Note 8) 


Minimum Common-Mode Input 
GND -0.05 
GND -0.05 
GND-0.05 
V 
Range (Note 8) 


DC Common-Mode Error 
± '116 
±% 
±'j,6 
±'/4 
±% 
LSB 
• 


Converter 
and Multiplexer 
Electrical Characteristics 
(Continued) 
The following specifications apply for Vcc = V+ 
= 5V. TA = Tj = 25'C. and fCLK = 250 kHz unless otherwise specified. 


Boldface limits apply from TMINto TMAX. 


BCJ,BIWM, 
BCV, CCV, CCWM, BCN 


,...• 


CIWM and CCJ Devices 
and CCN Devices 
Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 
Typ 
Limit 
Limit 
Typ 
Limit 
Limit 
(Note 12) 
(Note 13) 
(Note 14) 
(Note 12) 
(Note 13) 
(Note 14) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued) 


Change in zero 
15mAintoV+ 


error from VCC= 5V 
Vcc=N.C. 
. 


to internal zener 
VREF=5V 


operation (Note 3) 
1 
1 
1 
LSB 


Vz, internal 
MIN 
15mAintoV+ 
6.3 
6.3 
6.3 
diode breakdown 
MAX 
8.5 
8.5 
8.5 
V 
(at V+ ) (Note 3) 


Power Supply Sensitivity 
Vcc=5V±5% 
±'I,. 
±% 
±% 
±y,. 
±% 
±% 
LSB 


IOFF,Off Channel Leakage 
On Channel= 5V, 
-0.2 
-0.2 
-1 
IJ-A 


Current (Note 9) 
Off Channel = OV 
-1 


On Channel = OV, 
+0.2 
+0.2 
+1 
IJ-A 
Off Channel = 5V 
+1 


ION,On Channel Leakage 
On Channel = OV, 
-0.2 
-0.2 
-1 
IJ-A 


Current (Note 9) 
Off Channel= 5V 
-1 


On Channel = 5V, 
+0.2 
+0.2 
+1 
IJ-A 
Off Channel = OV 
+1 
I 


DIGITAL AND DC CHARACTERISTICS 
, 


VIN(1)'Logical "1" Input 
Vcc=5.25V 
2.0 
2.0 
2.0 
V 


Voltage (Min) 


VIN(O).Logical "0" Input 
VCC=4.75V 
0.8 
0.8 
0.8 
V. 


Voltage (Max) 


IIN(1).Logical "1" Input 
VIN=5.0V 
0.005 
1 
0.005 
1 
1 
IJ-A 


Current (Max) 


IIN(O).Logical "0" Input 
VIN=OV 
-0.005 
-1 
-0.005 
-1 
-1 
IJ-A 
Current (Max) 


VOUT(1)'Logical "1" Output 
Vcc=4.75V 


Voltage (Min) 
lOUT= - 360 IJ-A 
2.4 
2.4 
2.4 
V 


IOUT= -10 IJ-A 
4.5 
4.5 
4.5 
V 


VOUT(O).Logical "0" Output 
Vcc=4.75V 
0.4 
0.4 
0.4 
V 
Voltage (Max) 
IOUT=1.6mA 


lOUT,TRI-STATE Output 
VOUT=OV 
-0.1 
-3 
-0.1 
-3 
-3 
IJ-A 


Current (Max) 
VOUT=5V 
0.1 
3 
0.1 
+3 
+3 
IJ-A 


ISOURCE.Output Source 
VOUT=OV 
-14 
-6.5 
-14 
-7.5 
-6.5 
mA 


Current (Min) 


ISINK,Output Sink Current (Min) 
VOUT=Vcc 
16 
8.0 
16 
9.0 
8.0 
mA 


Icc, Supply Current (Max) 


ADC0831, ADC0834, 
0.9 
2.5 
0.9 
2.5 
2.5 
mA 


ADC0838 


ADC0832 
Includes Ladder 
2.3 
6.5 
2.3 
6.5 
6.5 
mA 
Current 


Typ 
lestea 
DesIgn 
Limit 
Parameter 
Conditions 
Limit 
Limit 
(Note 
12) 
(Note 
13) 
(Note 
14) 
Units 


Min 
10 
kHz 
fCLK, Clock Frequency 
Max 
400 
kHz 


Ie, Conversion 
Time 
Not including 
MUX Addressing 
Time 
B 
1/fCLK 


Clock Duty Cycle 
Min 
40 
% 


(Note 10) 
Max 
_. ~-~ 
~- . 
60 
% 


tSET.UP, cg Falling Edge or 
250 
ns 


Data Input Valid to CLK 


Rising Edge 
. 


tHOLD, Data Input Valid 
90 
ns 


after CLK Rising Edge 


tpd1, tpdo-CLK 
Falling 
CL =100 
pF 


Edge to Output 
Data Valid 
Data MSB First 
650 
1500 
ns 


(Note 11) 
Data LSB First 
250 
600 
ns 


t1H, 'oH,-Rising 
Edge of 
CL =10 
pF, RL = 10k 
125 
250 
ns 


CS to Data Output and 
(see TRI-STATElID Test Circuits) 


SARSHi-Z 
CL = 100 pf, RL =2k 
500 
ns 


CIN. Capacitance 
of Logic 
5 
pF 


Input 
I 


COUToCapacitance 
of Logic 
.' 
5 
- 
- 


pF 


Outputs 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specified 
operating conditions. 


Note 2: All voltages 
are measured with respect to the ground plugs. 


Note 3: Internal zener diodes (6.3 to B.5V) are connected 
from V + to GND and Vcc to GND. The zener at V + can operate as a shunt regulator and is connected 
to Vcc via a conventional 
diode. Since the zener voltage equals the AID's 
breakdown voltage, the diode insures that Vcc will be below breakdown when the device 
is powered from V +. 
Functionality 
is therefore guaranteed 
for V + operation even though the resultant voltage at Vcc may exceed the specified Absolute 
Max of 
6.5V. It is recommended 
that a resistor be used to limit the max current into V+. 
(See Figure 3 in Functional 
Description 
Section 6.0) 


Note 4: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN < V- 
or VIN > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries 
with a 5 mA current limit to four. 


Note 5: Human body modal. 100 pF discharged 
through a 1.5 kn resistor. 


Note 6: Total unadjusted 
error includes offset, full-scale, 
linearity, and multiplexer 
errors. 


Note 7: Cannot be tested for ADCOB32. 


Note 8: For VIN(-)~VIN(+) 
the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vcc supply. Be careful, during testing at low Vcc levels (4.5V). 
as high level analog inputs (5V) can cause this input diode to conduct-especially 
at elevated temperatures. 
and cause errors for analog inputs near full-scale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog VIN or VAEF does not exceed the supply voltage by more than 50 mV, the 
output code will be correct. 
To achieve 
an absolute 
0 Voc to 5 Voc input voltage 
range will therefore 
require a minimum supply voltage 
of 4.950 Voc 
over 
temperature 
variations, 
initial tolerance 
and loading. 


Note 9: Leakage current is measured with the clock not switching. 


Note 
10: A 40% to 60% clock duty cycle range insures proper operation 
at all clock frequencies. 
In the case that an available clock has a duty cycle outside of 
these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 1 ILs. The maximum time the clock can be high is 60 #Jos.The 
clock can be stopped when low so long as the analog input voltage remains stable. 


Note 
11: Since data, MSB first, is the output of the comparator 
used in the successive 
approximation 
loop, an additional 
delay is built in (see Block Diagram) to 
allow for comparator 
response time. 


Note 
12: Typicals are at 25°C and represent 
most likely parametric 
norm. 


Note 
13: Tested limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 
14: Guaranteed 
but not 100% production 
tested. These limits are not used to calculate 
outgoing quality levels. 
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Functional Description 


1.0 MULTIPLEXER ADDRESSING 
The design of these converters utilizes a sample-data com- 
parator structure which provides for a differential analog in- 
put to be converted by a successive approximation routine. 


The actual voltage converted is always the difference be- 
tween an assigned" +" input terminal and a "-" 
input ter- 


minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned" +" input is less ·thanthe 
" -" 
input the converter responds with an all zeros output 


code. 
A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended, differential, or a new pseudo-differential op- 
tion which will convert the difference between the voltage at 
any analog input and a common terminal. The analog signal 
conditioning required in transducer-based data acquisition 
systems is significantly simplified with this type of input flexi- 
bility. One converter package can now handle ground refer- 
enced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 
A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 


tial. In the differential case, it also assigns the polarity of the 
channels. Differential inputs are restricted to adjacent chan- 
nel pairs. For example channel 0 and channel 1 may be 
selected as a different pair but channel 0 or 1 cannot act 
differentially with any other channel. In addition to selecting 
differential mode the sign may also be selected. Channel 0 
may be selected as the positive input and channel 1 as the 
negative input or vice versa. This programmability is best 
illustrated by the MUX addressing codes shown in the fol- 
lowing tables for the various product options. 
The MUX address is shifted into the converter via the 01 
line. Because the ADC0831 contains only one differential 
input channel with a fixed polarity assignment, it does not 
require addressing. 


The common input line on the ADC0838 can be used as a 
pseudo-differential input. In this mode, the voltage on this 
pin is treated as the "-" 
input for any of the other input 


channels. This voltage does not have to be analog ground; 
it can be any reference potential which is common to all of 
the inputs. This feature is most useful in single-supply appli- 
cation where the analog circuitry may be biased up to a 
potential other than ground and the output signals are all 
referred to this potential. 


Part 
Number of Analog Channels 
Number of 
Number 
Single-Ended 
Differential 
Package Pins 


ADC0831 
1 
1 
8 


ADC0832 
2 
1 
8 


ADC0834 
4 
2 
14 


ADC0838 
8 
4 
20 


Functional Description 
(Continued) 
TABLE II. MUX Addressing: AOC0838 


MUXAddress 
Analog Single-Ended Channel /I 


SGL/ 
000/ 
SELECT 
0 
1 
2 
3 
4 
5 
6 
7 
COM 
OIF 
SIGN 
1 
0 


1 
0 
0 
0 
+ 
- 


1 
0 
0 
1 
+ 
- 


1 
0 
1 
0 
+ 
- 


1 
0 
1 
1 
+ 
- 


1 
1 
0 
0 
+ 
- 


1 
1 
0 
1 
+ 
- 


1 
1 
1 
0 
+ 
- 


1 
1 
1 
1 
+ 
- 


MUXAddress 
Analog Differential Channel-Pair 
/I 


SGL/ 
000/ 
SELECT 
0 
1 
2 
3 
OIF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
6 
7 


0 
0 
0 
0 
+ 
- 


0 
0 
0 
1 
+ 
- 


0 
0 
1 
0 
+ 
- 


0 
0 
1 
1 
+ 
- 


0 
1 
0 
0 
- 
+ 
0 
1 
0 
1 
- 
+ 


0 
1 
1 
0 
- 
+ 


0 
1 
1 
1 
- 
+ 


TABLE III. MUX Addressing: AOC0834 


Single-Ended MUX Mode 


MUXAddress 
Channel/l 


SGL/ 
000/ 
SELECT 


OIF 
SIGN 
1 
0 
1 
2 
3 


1 
0 
0 
+ 


1 
0 
1 
+ 


1 
1 
0 
+ 


1 
1 
1 
+ 


MUXAddress 
Channel/l 


SGL/ 
000/ 
SELECT 


OIF 
SIGN 
1 
0 
1 
2 
3 


0 
0 
0 
+ 
- 


0 
0 
1 
+ 
- 


0 
1 
0 
- 
+ 
0 
1 
1 
- 
+ 


TABLE IV. MUX Addressing: 
AOC0832 


MUXAddress 
Channel/l 


SGL/ 
000/ 
0 
1 
OIF 
SIGN 


1 
0 
+ 


1 
1 
+ 


MUXAddress 
Channel/l 


SGL/ 
000/ 
0 
1 
OIF 
SIGN 


0 
0 
+ 
- 


0 
1 
- 
+ 


Functional Description 
(Continued) 


Since 
the 
input 
configuration 
is under 
software 
control, 
it 


can be modified, 
as required, 
at each conversion. 
A channel 


can be treated 
as a single-ended, 
ground 
referenced 
input 


for one conversion; 
then it can be reconfigured 
as part of a 


differential 
channel 
for another 
conversion. 
Figure 
1 illus- 
trates 
the input flexibility 
which 
can be achieved. 


The analog 
input voltages 
for each channel 
can range from 


50 mV below 
ground 
to 50 mV above 
Vcc 
(typically 
5V) 
without 
degrading 
conversion 
accuracy. 


2.0 THE DIGITAL 
INTERFACE 


A most 
important 
characteristic 
of these 
converters 
is their 


serial data link with the controlling 
processor. 
Using a serial 


communication 
format 
offers 
two very significant 
system 
im- 


provements; 
it allows 
more 
function 
to be included 
in the 


converter 
package 
with no increase 
in package 
size and it 


can eliminate 
the transmission 
of low level analog signals 
by 


locating 
the converter 
right at the analog 
sensor; 
transmit- 


ting highly noise 
immune 
digital 
data back to the host proc- 


essor. 


To understand 
the operation 
of these converters 
it is best to 


refer to the Timing 
Diagrams 
and Functional 
Block 
Diagram 


and to follow 
a complete 
conversion 
sequence. 
For clarity a 


separate 
diagram 
is shown 
of each device. 


1. A conversion 
is initiated 
by first 
pulling 
the "CS (chip se- 


lect) line low. This line must be held low for the entire 
con- 


version. 
The converter 
is now waiting 
for a start 
bit and its 


MUX assignment 
word. 


2. A clock 
is then generated 
by the processor 
(if not provid- 


ed continuously) 
and output 
to the AID clock 
input. 


3. On each rising edge of the clock the status 
of the data in 


(01) line is clocked 
into the MUX address 
shift register. 
The 


start 
bit is the first 
logic 
"1" 
that 
appears 
on this 
line (all 
leading 
zeros 
are ignored). 
Following 
the start 
bit the con- 
verter 
expects 
the next 2 to 4 bits to be the MUX assign- 


ment word. 


Functional Description 
(Continued) 


4. When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of % clock 
period (where nothing happens) is automatically inserted to 
allow the selected MUX channel to settle. The SAR status 
line goes high at this time to signal that a conversion is now 
in progress and the 01 line is disabled (it no longer accepts 
data). 


5. The data out (DO) line now comes out of TRI-STATE and 
provides a leading zero for this one clock period of MUX 
settling time. 
6. When the conversion begins, the output of the SAR com- 
parator, which indicates whether the analog input is greater 
than (high) or less than (low) each successive voltage from 
the internal resistor ladder, appears at the DO line on each 
falling edge of the clock. This data is the result of the con- 
version being shifted out (with the MSB coming first) and 
can be read by the processor immediately. 
7. After 8 clock periods the conversion is completed. The 
SAR status line returns low to indicate this % clock cycle 
later. 


8. If the programmer prefers, the data can be provided in an 
LSB first format [this makes use of the shift enable (~) 
control line). All 8 bits of the result are stored in an output 
shift register. On devices which do not include the ~ 
con- 


trol line, the data, LSB first, is automatically shifted out the 
DO line, after the MSB first data stream. The DO line then 
goes low and stays low until ~ 
is returned high. On the 


ADC0838 the ~ 
line is brought out and if held high, the 


value of the LSB remains valid on the DO line. When ~ 
is 


forced low, the data is then clocked out LSB first. The 
ADC0831 is an exception in that its data is only output in 
MSB first format. 


9. All internal registers are cleared when the ~ 
line is high. 


If another conversion is desired, ~ 
must make a high to 


low transition followed by address information. 


The 01 and DO lines can be tied together and controlled 
through a bidirectional processor 1/0 bit with one wire. This 
is possible because the 01 input is only "looked-at" during 
the MUX addressing interval while the DO line is still in a 
high impedance state. 


3.0 REFERENCE 
CONSIDERATIONS 
The voltage applied to the reference input to these convert- 
ers defines the voltage span of the analog input (the differ- 
ence between VIN(MAX)and VIN(MIN»)over which the 256 
possible output codes apply. The devices can be used in 
either ratiometric applications or in systems requiring abso- 
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the reference input resist- 
ance of typically 3.5 k!l. This pin is the top of a resistor 
divider string used for the successive approximation conver- 
sion. 
In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the AID reference. This volt- 
age is typically the system power supply, so the VREFpin 
can be tied to Vcc (done internally on the AOC0832). This 
technique relaxes the stability requirements of the system 
reference as the analog input and AID reference move to- 
gether maintaining the same output code for a given input 
condition. 
For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
The LM385 and LM336 reference diodes are good low cur- 
rent devices to use with these converters. 


The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
reet conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals VREFI 
256). 


b) Absolute 
with a Reduced 
Span 
FIGURE 
2. Reference 
Examples 


Functional Description 
(Continued) 


4.0 THE ANALOG 
INPUTS 


The most important 
feature 
of these 
converters 
is that they 


can be located 
right at the analog 
signal source 
and through 


just a few wires can communicate 
with a controlling 
proces- 


sor with a highly noise immune 
serial bit stream. This in itself 


greatly 
minimizes 
circuitry 
to maintain 
analog 
signal accura- 


cy 
which 
otherwise 
is most 
susceptible 
to 
noise 
pickup. 
However, 
a few words are in order with regard to the analog 


inputs 
should 
the 
input 
be noisy 
to begin 
with 
or possibly 


riding on a large common-mode 
voltage. 


The differential 
input 
of these 
converters 
actually 
reduces 


the effects 
of common-mode 
input noise, a signal common 


to both selected 
"+" 
and "-" 
inputs 
for a conversion 
(60 


Hz is most typical). 
The time interval 
between 
sampling 
the 


" +" 
input and then the "-" 
input is Yo of a clock 
period. 
The change 
in the common-mode 
voltage 
during this short 


time interval 
can cause 
conversion 
errors. 
For a sinusoidal 


common-mode 
signal this error is: 


( 0.5 ) 
Ver,o,(max)= 
VPEAK(21TfCM) 
-- 
fClK 


where 
fCM is the frequency 
of the common-mode 
signal, 


VPEAK is its peak voltage 
value 


and fClK, 
is the AID 
clock 
frequency. 


For a 60 Hz common-mode 
signal 
to generate 
a Yo LSB 


error 
(:::: 5 mY) with 
the 
converter 
running 
at 250 
kHz, its 


peak value 
would 
have to be 6.63V 
which 
would 
be larger 


than allowed 
as it exceeds 
the maximum 
analog 
input limits. 


Due to the sampling 
nature of the analog 
inputs short spikes 


of current 
enter the" 
+" 
input and exit the" 
-" 
input at the 


clock 
edges 
during 
the 
actual 
conversion. 
These 
currents 


decay 
rapidly 
and do not cause 
errors 
as the internal 
com- 


parator 
is strobed 
at the end of a clock 
period. 
Bypass 
ca- 


pacitors 
at the inputs will average 
these 
currents 
and cause 


an effective 
DC current 
to flow 
through 
the 
output 
resist- 
ance of the analog 
signal source. 
Bypass 
capacitors 
should 


not be used if the source 
resistance 
is greater 
than 
1 kO. 


This source 
resistance 
limitation 
is important 
with regard 
to 


the 
DC leakage 
currents 
of input 
multiplexer 
as well. 
The 


worst-case 
leakage 
current 
of ± 1 ,...Aover temperature 
will 


create 
a 1 mV input error with a 1 kO source 
resistance. 
An 


op amp 
RC active 
low pass 
filter 
can provide 
both 
imped- 


ance 
buffering 
and noise filtering 
should 
a high impedance 


signal 
source 
be required. 


5.0 OPTIONAL 
ADJUSTMENTS 


5.1 Zero 
Error 


The 
zero 
of the 
AID 
does 
not 
require 
adjustment. 
If the 


minimum 
analog 
input voltage 
value, VIN(MIN), is not ground 


a zero 
offset 
can be done. 
The converter 
can be made 
to 


output 
0000 0000 digital code for this minimum 
input voltage 


by biasing 
any 
VIN (-) 
input 
at this 
VIN(MIN) value. 
This 


utilizes 
the differential 
mode operation 
of the A/D. 


The zero error of the AID 
converter 
relates 
to the location 


of the 
first 
riser of the transfer 
function 
and can 
be mea- 


sured 
by grounding 
the VIN( -) 
input 
and applying 
a small 


magnitude 
positive 
voltage 
to the VIN( +) 
input. Zero error is 


the difference 
between 
the actual 
DC input voltage 
which 
is 


necessary 
to just 
cause 
an output 
digital 
code 
transition 


from 
0000 
0000 
to 0000 
0001 
and the ideal % LSB value 


(% LSB=9.8 
mV for VREF=5.000 
Voc). 


5.2 Full-Scale 


The full-scale 
adjustment 
can be made by applying 
a differ- 


ential input voltage 
which is 1 % LSB down from the desired 


analog 
full-scale 
voltage 
range and then adjusting 
the mag- 


nitude 
of the VREF input 
(or VCC for the 
ADC0832) 
for a 


digital output code which 
is just changing 
from 
1111 1110 to 


11111111. 


5.3 AdjustIng 
for an Arbitrary 
Analog 
Input 
Voltage 


Range 


If the analog 
zero voltage 
of the AID 
is shifted 
away from 


ground 
(for example, 
to accommodate 
an analog 
input sig- 


nal which 
does 
not go to ground), 
this new zero 
reference 


should 
be properly 
adjusted 
first. A VIN (+) 
voltage 
which 


equals 
this desired 
zero reference 
plus % LSB (where 
the 


LSB 
is 
calculated 
for 
the 
desired 
analog 
span, 
using 


1 LSB = analog 
span/256) 
is applied 
to selected" 
+" 
input 


and the zero 
reference 
voltage 
at the corresponding 
"-" 


input 
should 
then 
be adjusted 
to just 
obtain 
the 
OOHEX to 


01 HEX code transition. 


The full-scale 
adjustment 
should 
be made 
[with the proper 


VIN( -) 
voltage 
appliedl 
by forcing 
a voltage 
to the VIN( +) 


input which 
is given by: 


V 
(+)fsadJ'=V 
-1.5 
[(VMAX-VMIN)] 
IN 
MAX 
256 


where: 


VMAX = 
the high end of the analog 
input range 


and 


VMIN = the 
low 
end 
(the 
offset 
zero) 
of 
the 
analog 


range. 


(Both are ground 
referenced.) 


The 
VREF (or Vccl 
voltage 
is then 
adjusted 
to 
provide 
a 


code change 
from FEHEX to FFHEX. This completes 
the ad- 


justment 
procedure. 


6.0 POWER 
SUPPLY 


A unique feature 
of the ADC0838 
and ADC0834 
is the inclu- 


sion of a zener 
diode 
connected 
from 
the V+ 
terminal 
to 


ground 
which 
also 
connects 
to the VCC terminal 
(which 
is 


the 
actual 
converter 
supply) 
through 
a silicon 
diode, 
as 


shown 
in Figure 
3. (See Note 3) 


Vee 
ACTUAL 


CONVERTER 
SUPPlY 


TL/H/5583-11 


FIGURE 
3. An On-ChIp 
Shunt 
Regulator 
Diode 


Functional Description 
(Continued) 
This zener is intended for use as a shunt voltage regulator 
to eliminate the need for any additional regulating compo- 
nents. This is most desirable if the converter is to be re- 
motely located from the system power source. Figures 4 
and 5 illustrate two useful applications of this on-board ze- 
ner when an external transistor can be afforded. 
An important use of the interconnecting diode between V+ 
and Vcc is shown in Figures 6 and 7. Here, this diode is 
used as a rectifier to allow the VCCsupply for the converter 


12V 
SYSTEM 
SUPPLY 


TLiH/5583-12 
FIGURE 4. Operating with a Temperature 
Compensated Reference 


100 
11Hz 


• 
CLOCK 


5. 


3V 


oJl..r 


to be derived from the clock. The low current requirements 
of the AID and the relatively high clock frequencies used 
(typically in the range of 10k-400 
kHz) allows using the 
small value filter capacitor shown to keep the ripple on the 
Vcc line to well under V. of an lSB. The shunt zener regula- 
tor can also be used in this mode. This requires a clock 
voltage swing which is in excess of Vz. A current limit for the 
zener is needed, either built into the clock generator or a 
resistor can be used from the ClK pin to the V+ pin. 


Vec 6.4 


ADC0838 
To. 


1 


12V 
SYSTEM 
SUPPLY 


CMOS 


OR 
NMOS 
CIRCUITS 


FIGURE 5. Using the AID as 
the System Supply Regulator 


FIGURE 7. Remote Sensing- 


Clock and Power on 1 Wire 


Tl/H/5583-35 
FIGURE 8. Generating Vcc from the Converter Clock 


Digital 
Link and Sample 
Controlling 
Software 
for the 
Serially 
Oriented 
COP420 
and the Bit Programmable 
110 INS8048 


CH7 
CH7 


TLiH/5583-13 


COP CODING 
EXAMPLE 
8048 CODING 
EXAMPLE 


Mnemonic 
Instruction 
Mnemonic 
Instruction 


LEI 
ENABLES 
SIO's INPUT AND OUTPUT 
START: 
ANL 
P1, #OF7H 
;SELECT 
AID 
(CS=O) 


SC 
C=l 
MOV 
B, #5 
;BIT COUNTER 
~ 
5 


OGI 
GO=O(CS=O) 
MOV 
A, #ADDR 
;A ~ 
MUX ADDRESS 


CLRA 
CLEARS 
ACCUMULATOR 
LOOP 1: 
RRC 
A 
;CY ~ 
ADDRESS 
BIT 


AISC1 
LOADS ACCUMULATOR 
WITH 1 
JC 
ONE 
;TESTBIT 


XAS 
EXCHANGES 
SIO WITH ACCUMULATOR 
;BIT=O 


AND STARTS 
SK CLOCK 
ZERO: 
ANL 
P1, #OFEH 
;DI~O 


LDD 
LOADS 
MUX ADDRESS 
FROM RAM 
JMP 
CONT 
;CONTINUE 


INTO ACCUMULATOR 
;BIT=l 


NOP 
ONE: 
ORL 
P1, #1 
;DI~l 


XAS 
LOADS 
MUX ADDRESS 
FROM 
CO NT: 
CALL 
PULSE 
;PULSE SK 0 - 
1 - 
0 


ACCUMULATOR 
TO SIO REGISTER 
DJNZ 
B, LOOP 1 
;CONTINUE 
UNTIL DONE 
t 
CALL 
PULSE 
;EXTRA CLOCK 
FOR SYNC 


8 INSTRUCTIONS 
MOV 
B,#8 
;BIT COUNTER 
~ 
8 


.J, 
LOOP 2: 
CALL 
PULSE 
;PULSESKO-1-0 


XAS 
READS HIGH ORDER 
NIBBLE 
(4 BITS) 
IN 
A,P1 
;CY~DO 


INTO ACCUMULATOR 
RRC 
A 


XIS 
PUTS HIGH ORDER 
NIBBLE 
INTO RAM 
RRC 
A 


CLRA 
CLEARS 
ACCUMULATOR 
MOV 
A,C 
;A~RESULT 


RC 
C=O 
RLC 
A 
;A(O) ~ 
BIT AND SHIFT 


XAS 
READS 
LOW ORDER 
NIBBLE 
INTO 
MOV 
C,A 
;C~ 
RESULT 


ACCUMULATOR 
AND STOPS SK 
DJNZ 
B, LOOP 2 
;CONTINUE 
UNTIL DONE 


XIS 
PUTS LOW ORDER 
NIBBLE 
INTO RAM 
RETR 


OGI 
GO=l 
(CS=l) 
;PULSE SUBROUTINE 


LEI 
DISABLES 
SIO's INPUT AND OUTPUT 
PULSE: 
ORL 
P1, #04 
;SK~l 


NOP 
;DELAY 


ANL 
P1, #OFBH 
;SK~O 


RET 


,£ ,t ,t ,t 


12 
11 
14 
) 


'ARALUL 
INPUTS 


• Pinouts shown for ADC0838. 


For all other products tie to 


pin functions as shown. 


VINf+' 
Vcc 
+ 


':' 


~lhF 


AOCIIJ1 


.VDC 
,.. 
,..I 
VINH 
VREF 
TAllO 
TAMIN 
AOJ 
AOJ 
.... 


~ 


15V~~~ 


D.l 
-..... 
ILOAD 
(2A FULL·SCALE) 


CO 
0 


Vee 
(.) 
100 


Q 
(&Yoe) 


c( 
V,. I-! 
Vee 
...... 
N 
+ 
C') 
24Dk 
l 
'D 
"F 


2k 
CO 
'=" 
0 
(.) 
Q 
'=" 
AoeDl3l 
t." 
c( 
.......•.. 
C') 
CO 
0 
100 


(.) 
ZEAO • 
VIN(+) 
Q 
AOJ 


c( 


12Il1o 
'=" 
'=" 


'=" 
TUH/5583-15 


Operating with Ratlometrlc Transducers 


Vee 


(5Voe) 


2Il1o 


VXOA 
V,.(,) 
Vee 
+ 
,. 
v,.I-I" 
1"D"F 
ZEAO 
ADJ 


3k 
AIICDt31 
1Il1o 


'=" 
'=" 


VAEF 
,. 
D.l Vee 
FS 
+ 
AOJ 


J'"F 
24k 


'=" 
TUH/5583-37 
"V'N(-) 
~ 0.15 Vcc 


15% of Vcc 
" 
VXDA " 85% of Vcc 


1k 
1.7. 
lVOC 
lEAD AOJ 


»c0 
0 
ClCI 
W..•. 
......»c0 
0 
ClCI 
W 
N 
......»c0 
0 
I. 
ClCI 
W 
""......»c0 
0 
ClCI 
W 
ClCI 


LM3JI 


'::' 


----, 
I 
I 
I 
I 


LM3J8 
I 
I 
_J 


TUH/5583-17 


Controller 
per10rms a routine to determine which input polarity (9-bit example) or whk:h channel pair (1O-brt example) provides a non-zero output code. 


This information 
provides the extra bits. 


+ 
} 
}:I 
ADC0838 


COM 


High Accuracy Comparators 


5V 


SYSTEM 


TEST 
POINTS 


DO - 
a1l1s ~ +V,N > -V'N 


DO = all Os ~ +V,N < -V'N 


Digital Load Cell 


330 


• 


• Uses one more wire than load cell itsetf 


• Two mini~OIPs could be mounted inside load cell for digital output transducer 


• Electronic 
offset and gain trims relax mechanical 
specs for gauge factor and offset 


• Low level cell output is converted 
immediately 
for high noise immunity 


INP 
Vee 


C0402. 


10V 


47k 


18k 
'=" 


II 


CU/CS 
lk 
10V 
10k 
lOOk 
lN4148 
40 kHz_ 
16k 


'=" T 


560PF 


lM393 
47k 
OUAl COMPo 
'=" 
68k 
lM393 
DUAL COMPo 


10k 


'=' 


• No additional 
connections 
• CS derived tram extended 
high on elK line> 100 •• 
~ 


• Timing 
arranged 
for 40 kHz, could be changed 
up or down by component 
change 


• 10% eLK frequency 
change 
without 
component 
change OK 


I 


~ 
INPUT 
CHANNELS 


CLl( 
27k 


AND 
18k 
CS ----.. 
12V 


~" 


T 


560PF 


• Simpler 
version of S.channel 
• Cs derived from long elK pulse 


Analog 
Input 
Channels 


ADC0831BCJ 
ADC0831BCN 


ADC0831CCJ 
ADC0831CCN 
ADC0831 CIWM 
ADC0831CCWM 


ADC0832BIWM 
ADC0832BCN 


ADC0832CIWM 
ADC0832CCN 
ADC0832CCWM 


Total 
Unadjusted 
Error 


':' 
':' 


Yee 


00 


18k 


ClK 


Ycc 
AOC0831 


lOOk 


C! 
Ycc 


lM393 


':' 
DUAL COMPARATOR 


Hermetic (J) 
Molded (N) 


Hermetic (J) 
Molded (N) 


80(M) 
80(M) 


80(M) 
Molded (N) 


80(M) 
Molded (N) 
80(M) 


T'OO,.F 


200 


Temperature 
Range 


-40"Cto 
+8S·C 
O·Cto +70·C 


-40·Cto 
+8S·C 
O·Cto +70"C 
-40·Cto 
+8S·C 
O·Cto 
+70·C 


-40·Cto 
+8S·C 
O·Cto 
+70·C 


-40·Cto 
+8S·C 


O·Cto 
+70·C 


O·Cto 
+70·C 


Ordering Information 
(Continued) 


Part Number 
Analog 
Input 
Total 
Package 
Temperature 


Channels 
Unadjusted 
Error 
Range 


ADC0634BCN 
±v. 
Molded 
(N) 
O'Cto 
+70'C 


ADC0634CCJ 
Hermetic 
(J) 
-40'Cto 
+65'C 
ADC0634CCN 
4 
±1 
Molded 
(N) 
O'Cto 
+70'C 
ADC0634CCWM 
SO(M) 
O'Cto 
+70'C 
ADC0634CIWM 
SO(M) 
-40'Cto 
+ 65'C 


ADC0636BCJ 
±v. 
Hermetic 
(J) 
-40'C 
to +65'C 
ADC0636BCV 
PCC(V) 
O'Cto 
+70'C 
ADC0636BCN 
Molded 
(N) 
O'Cto 
+70'C 


ADC0636CCJ 
6 
Hermetic 
(J) 
-40'Cto 
+ 65'C 
ADC0636CCV 
PCC(V) 
O'Cto 
+70'C 
ADC0636CCN 
±1 
Molded 
(N) 
O'Cto 
+70'C 
ADC0636CIWM 
SO(M) 
-40'Cto 
+65'C 
ADC0636CCWM 
SO(M) 
O'Cto 
+70'C 


See NS Package 
Number 
JOSA, J14A, J20A, M14B, M20B, NOSE, N14A, N20A or V20A 


• 


ADC0833 8-Bit Serial 1/0 AID Converter 
with 4-Channel Multiplexer 


General Description 


The ADCOa33 
series 
is an a-bit 
successive 
approximation 
AID 
converter 
with a serial I/O and configurable 
input multi- 
plexer with 4 channels. 
The serial I/O is configured 
to com- 
ply with the NSC MICROWIRETM 
serial data exchange 
stan- 
dard for easy interface 
to the COPSTM family of processors, 
as well as with standard 
shift registers 
or !'-Ps. 


The 4-channel 
multiplexer 
is software 
configured 
for single- 
ended 
or differential 
inputs 
when 
channel 
assigned 
by a 4- 
bit serial word. 


The 
differential 
analog 
voltage 
input 
allows 
increasing 
the 
common-mode 
rejection 
and offsetting 
the analog 
zero 
in- 
put voltage 
value. 
In addition, 
the voltage 
reference 
input 
can be adjusted 
to allow 
encoding 
any smaller 
analog 
volt- 
age span to the full a bits of resolution. 


Key Specifications 


• 
Resolution 
• 
Total 
Unadjusted 
Error 


• 
Single 
Supply 


• 
Low Power 
• 
Conversion 
Time 


a Bits 
± % LSB and ± 1 LSB 


5 VDC 
23 mW 


32 !'-S 


Features 


• 
NSC MICROWIRE 
compatible-direct 
interface 
to COPS 
family 
processors 


• 
Easy 
interface 
to 
all 
microprocessors, 
or 
operates 
"stand 
alone" 


• 
Works 
with 2.5V (LM336) 
voltage 
reference 


• 
No full-scale 
or zero adjust 
required 


• 
Differential 
analog 
voltage 
inputs 


• 
4-channel 
analog 
multiplexer 


• 
Shunt 
regulator 
allows 
operation 
with high voltage 


supplies 


• 
OV to 5V input range with single 
5V power 
supply 


• 
Remote 
operation 
with serial digital 
data link 


• 
TIL/MOS 
input/output 
compatible 


• 
0.3" 
standard 
width 
14-pin 
DIP package 


Dual-In-Line 
Package 
(J and N) 
SAllS 


ADDRESS 
l2l 
LATCH 
CLK 
y+ 
1 
14 
Vcc 
AND 


CS 
DECODER 
2 
13 
01 
01 
CHO 
3 
12 
CLK 


CH1 
4 
ADC0833 
11 
SARS 


CH2 
5 
10 
DO 


CH3 
6 
9 
VREf/2 
CHO 
00 


DGNO 
7 
8 
AGNO 
4-CHANNEl S.E. 
CHI 
OR 


TUH/5607-14 
2-tHAHNEl 


Top View 
CH2 
OlFF. 


MUIJIPUER 


Order 
Number 
ADC0833CCJ, 
CH3 
ADC0833BCN 
or ADC0833CCN 
See NS Package 
Number 
J14A 
or N14A 
y. 
YREF/2 
(SHUNT 
REG) 


Tl/H/5607-1 


Absolute Maximum Ratings (Notes 1 & 2) 


If Military/Aerospace 
specified 
devices 
are required, 
Package Dissipation at 


please 
contact 
the 
National 
Semiconductor 
Sales 
TA = 25'C (Board Mount) 
0.8W 
Office/Distributors 
for availability 
and specifications. 
Lead Temperature (Soldering, 10 sec.) 


Current into V+ (Note 3) 
15mA 
bual-In-Line Package (Plastic) 
260'C 


Supply Voltage, Vcc (Note 3) 
6.5V 
Dual-In-Line Package (Ceramic) 
300'C 


Voltage 
ESD Susceptibility (Ndle 5) 
2000V 


Logic Inputs 
-0.3V to VCC+ 0.3V 
Operating Conditions 
(Notes 1 & 2) 
Analog Inputs 
-0.3V to Vcc + 0.3V 


Input Current per Pin (Note 4) 
±5mA 
Supply Voltage, Vcc 
4.5 Voc to 6.3 Voc 


Package Input Current (Note 4) 
±20mA 
Temperature Range 
TMIN,;;TA,;;TMAX 


Storage Temperature 
-65'Cto 
+ 150'C 
ADCOB33CCJ 
-40'C';; 
TA';;85'C 


ADC0833BCN,ADC0833CCN 
O'C,;;TA,;;70'C 


Electrical Characteristics 
The following specifications apply for VCC= V+ = 5V, fCLK= 250 kHz and 


VREF/2 ,;; (Vcc + 0.1V) unless otherwise specified. Boldface 
limit. 
apply from 
TMIN to TMAX; all other limits 


TA = Tj = 25'C. 


-' 
Tested 
Design 


Parameter 
Conditions 
Typ 
Limit 
Limit 
Units 
(Note 6) 
(Note 7) 
(Note 8) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 
VREF/2Forced to 2.500 Voc 


ADC0833BCN 
±'12 
±% 
LSB 
ADC0833CCN 
±1 
±1 
LSB 
ADC0833CCJ 
±1 
LSB 


Minimum Total Ladder 
Resistance (Note 9) 
ADC0833CCJ 
7.0 
2.8 
kO 
ADC0833BCN/CCN 
7.0 
2.6 
2.8 
kO 


Maximum Total Ladder 
Resistance (Note 9) 
ADC0833CCJ 
7.0 
11.8 
kO 
ADC0833BCN/CCN 
7.0 
10.8 
11.8 
kO 


Minimum Common-Mode 
All MUX Inputs and COM Input 


Input Range (Note 10) 
ADC0833CCJ 
GND-O.05 
V 
ADC0833BCN/CCN 
GND-0.05 
GND-O.05 
V 


Maximum Common-Mode 
All MUX Inputs and COM Input 


Input Range (Note 10) 
ADC0833CCJ 
Vcc+O•05 
V 
ADCOB33BCN/CCN 
Vcc+0.05 
VCC+O•05 
V 


DC Common-Mode Error 


ADC0833CCJ 
±'116 
±y. 
LSB 
ADC0833BCN/CCN 
±'116 
±'14 
±y. 
LSB 


Change In Zero 
15mAlntoV+ 
Error From Vcc = 5V 
Vcc=N.C. 


To Internal Zener 
VREF/2 = 2.500V 


Operation (Note 3) 
ADC0833CCJ 
1 
LSB 


ADCOB33BCN/CCN 
1 
1 
LSB 


FJI 


Electrical Characteristics 
The following 
specifications 
apply for Vcc 
= V+ 
= SV. felK 
= 2S0 kHz and 


VREF/2,;; 
(Vee 
+ 0.1V) unless otherwise 
specified. 
Boldface 
limits 
apply 
from 
lMlN to tMAX; all other limits TA = Tj = 2S'C. 
(Continued) 


Typ 
Tested 
Design 


Parameter 
Conditions 
Limit 
Limit 
Units 
(Note 
6) 
(Note 
7) 
(Note 
8) 


CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 
(Continued) 


Vz. Minimum 
Internal 
lSmA 
Into V+ 


Diode Breakdown 


(At V + ) (Note 3) 


ADC0833CCJ 
6.3 
V 


ADC0833BCN/CCN 
6.3 
6.3 
V 


Vz. Maximum 
Internal 
1SmA Into V+ 


Diode Breakdown 


(At V + ) (Note 3) 


ADC0833CCJ 
8.5 
V 


ADC0833BCN/CCN 
8.S 
8.5 
V 


Power Supply Sensitivity 
Vee=SV±S% 
, 


ADC0833CCJ 
±'I16 
±% 
LSB 


ADC0833BCN/CCN 
±'I'6 
±'I. 
±% 
LSB 


IOFF. Off Channel 
Leakage 
On Channel = SV. Off Channel = OV 


Current 
(Note 11) 


ADC0833CCJ 
-1 
/LA 


-200 
nA 


ADC0833BCN/CCN 
-1 
/LA 
-200 
nA 


On Channel = OV, Off Channel = SV 


ADC0833CCJ 
1 
/LA 


200 
nA 


ADC0833BCN/CCN 
1 
/LA 
200 
. 
nA 


ION. On Channel 
Leakage 
On Channel = SV. Off Channel = OV 


Current 
(Note 11) 


ADC083CCJ 
1 
/LA 


200 
nA 


ADC0833BCN/CCN 
1 
/LA 
. 
200 
nA 


On Channel = OV. Off Channel = SV 


ADC083CCJ 
-1 
!LA 


-200 
nA 


ADC0833BCN/CCN 
-1 
/LA 
-200 
nA 


DIGITAL 
AND DC CHARACTERISTICS 
. 


VIN(l). 
Logical 
"1" 
Input 
I 
Vee=5.2SV 


Voltage 


ADC0833CCJ 
2.0 
V 
ADC0833BCN/CCN 
2.0 
2.0 
V 


VIN(O). Logical 
"0" 
Input 
Vee=4.7SV 


Voltage 


ADC0833CCJ 
0.8 
V 
ADC0833BCN/CCN 
0.8 
0.8 
V 


IIN(l). Logical 
"1" 
Input 
VIN=Vee 


Current 


ADC0833CCJ 
O.OOS 
1 
/LA 
ADC0833BCN/CCN 
O.OOS 
1 
1 
/LA 


Electrical Characteristics 
The following 
specifications 
apply for Vee 
= V+ 
= SV. fCLK = 2S0 kHz and 


VREF/2 
:s; (Vee + 0.1 V) unless otherwise 
specified. 
Boldface 
limits 
apply 
from 
tMIN to tMAX; all other limits TA = TJ = 2SoC. 


(Continued) 


Typ 
Tested 
Design 


Parameter 
Conditions 
Limit 
Limit 
Units 
(Note 
6) 
(Note 
7) 
(Note 
8) 


DIGITAL 
AND DC CHARACTERISTICS 
(Continued) 


IIN(Ol' Logical 
"0" 
Input 
VIN=OV 


Current 


ADC0833CCJ 
-O.OOS 
-1 
IJoA 


ADC0833BCN/CCN 
-O.OOS 
-1 
-1 
IJoA 


VOUT(l). Logical 
"1" 
Output 
Vee=4.7SV 


l 


Voltage 


ADC0833CCJ 
IOUT= -360,..A 
2.4 
V 


ADC0833BCN/CCN 
2.4 
2.4 
V 


ADC0833CCJ 
IOUT=-l°IJoA 
4.5 
V 


ADC0833BCN/CCN 
4.S 
4.5 
V 


VOUT(O). Logical 
"0" 
Output 
IOUT=1.6mA. 
Vcc=4.7SV 
• 


Voltage 


ADC0833CCJ 
0.4 
V 


ADC0833BCN/CCN 
0.4 
0.4 
V 


'OUT. TAl-STATE 
Output 


Current 
(DO. SAAS) 


ADC0833CCJ 
VOUT=0.4V 
-0.1 
-3 
IJoA 


ADC0833BCN/CCN 
-0.1 
-3 
-3 
IJoA 


ADC0833CCJ 
VOUT=SV 
0.1 
3 
IJoA 


ADC0833BCN/CCN 
0.1 
3 
3 
IJoA 


'SOURCE 
VOUT Short to GND 


ADC0833CCJ 
-14 
-8.5 
mA 


ADC0833BCN/CCN 
-14 
-7.S 
-6.5 
mA 


ISINK 
VOUT Short to VCC 


ADC0833CCJ 
16 
8.0 
mA 


ADC0833BCN/CCN 
16 
9.0 
8.0 
. 


mA 


lee. Supply Current 
(Note 3) 
VREF/2 Open Circuit 


ADC0833CCJ 
0.9 
4.5 
mA 


ADC0833BCN/CCN 
0.9 
4.S 
4.5 
mA • 


---- 


Typ 
Tested 
Design 


Parameter 
Conditions 
limit 
limit 
Units 
(Note 
6) 
(Note 
7) 
(Note 
8) 


fCLK. Clock Frequency 
Min 
10 
kHz 


Max 
400 
kHz 


TC. Conversion 
Time 
Not including 
MUX Addressing 
Time 
8 
1/fCLK 


Clock Duty Cycle (Note 12) 
Min 
40 
% 


Max 
60 
% 


tSET.UP. ~ 
Falling Edge or 
250 
ns 


Data Input Valid to ClK 


Rising Edge 


tHOLD. Data Input Valid 
90 
ns 


after ClK 
Rising Edge 
I 


tpdl. tpdo-CLK 
Falling 
CL = 
100pF 
I 


Edge to Output 
Data Valid 
Data MSB First 
650 
1500 
ns 


(Note 13) 
Data LSB First 
250 
600 
ns 


tlH. loH-Rising 
Edge ofCS 
CL= 
10pF,RL= 
10k 
125 
250 
ns 


to Data Output and SARS 
CL = 
100 pF, RL = 2k 
500 
ns 


Hi·Z 
(see TRI·STATE 
Test Circuits) 


CIN, Capacitance 
of Logic 
5 
pF 


Input 


COUT, Capacitance 
of Logic 


, 


5 
'. 
pF 


Outputs 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specined operating conditions. 


Note 2: All voltages are measured with respect to the ground pins. 


Note 3: Internal zener diodes (approx. 7V) are connected 
from V+ to GNO and Vcc to GND. The zener at V+ can operate as a shunt regiJlator and is connected 
to 
Vcc via a conventional 
diode. Since the zener voltage equals the AID's breakdown Yoltage, the diode insures that Vcc will be below breakdown when the device is 


powered from V + . Functionality 
is therefore 
guaranteed 
for V + operation 
even though the resultant voltage at Vcc may exceed the specified 
Absolute 
Max. of 


6.5V. It is recommended 
that a resistor be used to limit the max. current into V+. 


Note 4: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN < V- 
or VIN > V +) the absolute value of current at that pin should be limited 


to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries 
with a 5 mA current limit to four. 
Note 5: Humanbody model.100 pF dischargedthrougha 1.5 kn resistor. 


Note I: Typicals are at 25°C and represent 
most likely parametric 
norm. 


Note 7: Tested limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note I: Design limits are guaranteed 
but not 100% tested. These limits are not used to calculate 
outgoing quality levels. 


Nole 8: see Applications,section3.0. 


Note 10:For V,N(-):< V,N( +) the digitaloutputcodewill be 0000 0000. Two on-chipdiodesare tiedto eachanaloginput(seeBlockDiagram)whichwill forwerd 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), 
as htgh level analog inputs (5V) can cause this input diode to conduct-especially 
at elevated temperatures, 
and cause errors for analog inputs near full-scale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog VIN or VAEF does not exceed the supply voltage by more than 50 mV, the 
output 
code will be correct. 
To achieve 
an absolute 
0 Voc to 5 Voc input voltage 
range will therefore 
require a minimum 
supply voltage 
of 4.950 Voc 
over 


temperature 
variations, 
initial tolerance 
and loading. 


Note 11: Leakage current is measured with the clock not SWitching. 


Note 12: A 40% to 60% clock duty cycle range insures proper operation 
at all clock frequencies. 
In the case that an available clock has a duty cycle outside of 


these limits, the minimum time the clock is high or the minimum time the clock is low must be at least 1j.1s.The maximum time the clock can be high is 60 JoLs. The 
clocked 
can be stopped when low so long as the analog input voltage remains stable. 


Note 13: Since data, MSB first, is the output of the comparator 
used in the successive 
approximation 
loop, an additional 
delay is built in (see Block Diagram) to 
allow for comparator 
response time. 


911% 


511% 


DOANO::: 
~:IH 


SARS OUTI'UTS 
,- 
~ 


tND 
------- 


10k 


~ 
~ 


IDH 


Vtt 
Vtt 


1110< 


OATA 
DUTI'UT 
t' 
Vtt 
--- 
911% 
C! 
50% 


tND 
111% 


~ 


OH 


Vtt 
-- 
DOAND 


SAAS DUTI'UTS 
111% 


VOL 


t,=20ns 


ION 
••••• 
ADtOI33 


tH A (ON tHAlINELI 


tHANNEL 
VDLTAGE 
SELEtT 


A 
tHIj 
OFF 
tH t 
tHANNELS 
L_________ 
tH 
D 


• 


Effect 
of Unadjusted 
Offset 
Error vs VREF/2 
Voltage 
16 


&'~ 
10 
~ 
15 
~ 
l5 


0 
0.01 
0.1 
1.0 


VREr/2(VOC> 


VREr/2 = 2.5V 
Vcc= 5V 
1250C 


/ 


-55OC 
/ L. 


250C 
o 
10 
100 
200 
300 
~ 
500 
600 


fClJ( 
(KHZ) 


Linearity 
Error vs 
VREF Voltage 
1.5 


1.25 
~ 
1.0 
~ 
15 
0.75 
~~ 
0.5 
~ 
0.25 


Vcc=5V 
(250KHz) _ 


II 
T. = 250C 


1\'- 


Power Supply Current 
vs Temperature 
2.5 


1.0 
-75-50 
-25 
0 
25 
50 
75 100 125 


TDlPERAlURE 
(OC) 


Power 
Supply 
Current 
vs feLK 
2.5 


I 
I 


Vcc=5V025OC 


1.0 
o 
100 
200 
300 
~ 
500 


teu<KHz) 


01 
13 
f! 
Z 


CLK 
a 


MUX 
ADDRESS 


VCC 


CHO 


CH 1 
ANALDG 
~ 


MUX 
IEDUIVALENTI 
~ 
c.> 


CH Z 
Cs 


CH 3 


B1 


VREFIZ 
BB 


VCC 
l' 
TD INTERNAL 
B5 
CIRCUITRY 
SAR 
Be 
LDGIC 


1V ZENER 
AND 
B3 
LATCH 
BZ 


V· 
':' f 


Bl 


INPUT 
TO 
BD 


1 
13 
INTERNAL 


DGNDl 
16 
CIRCUITS 
CDMP 
':' 
17 
18 
• 
INPUT PRDTECTlDN 
- ALL LDGIC INPUTS 
AGND 


':' 


9-91T 
SHIFT 
REGISTER 


II 


.ATAll 
... 


(DI) . 


DDn 
CARE 


IAIUTATUS 


(UM)m. 


STATE 


DATA 
~~~---TRUTAn 


Run 
___ 
~Il_T.1......." 


MUX CONfIGURATION 
WORD 


Functional Descril)tion 


1.0 MULTIPLEXER 
ADDRESSING 


The design 
of the ADC0833 
utilizes 
a sample-data 
compar- 


ator structure 
which 
provides 
for a differential 
analog 
input 


to be converted 
by a successive 
approximation 
routine. 


The actual 
voltage 
converted 
is always 
the difference 
be- 
tween 
an assigned" 
+..input terminal 
and a "-" 
input ter- 


minal. 
The polarity 
of each 
input terminal 
of the pair being 


converted 
indicatE!s which 
line the converter 
expects 
to be 


the most positive. 
If the assigned" 
+" input is less than the 


"-" 
input the converter 
responds 
with an all zeros 
output 


code. 


A unique input multiplexing 
scheme 
has been utilized to pro- 
vide 
mUltiple 
analog 
channels 
with 
software-configurable 


single-ended 
(ground 
referred) 
or differential 
inputs. The an- 


alog 
signal 
conditioning 
required 
in transducer-based 
data 


acquisition 
systems 
is significantly 
simplified 
with this type 


of input flexibility. 
One converter 
package 
can now handle 


ground 
referenced 
inputs 
and true differential 
inputs. 


A particular 
input configuration 
is assigned 
during 
the MUX 


addressing 
sequence, 
prior to the start of a conversion. 
The 


MUX 
address 
selects 
which 
of the analog 
inputs 
are to be 


enabled 
and whether 
this input is single-ended 
or differen- 


tial. In the differential 
case, it also assigns 
the polarity 
of the 


channels. 
Differential 
inputs are restricted 
to adjacent 
chan- 


nel pairs. 
For example 
channel 
0 and 
channel 
1 may be 


selected 
as a differential 
pair. Channel 
0 or 1 cannot 
act 


differentially 
with any other 
channel. 
In addition 
to selecting 


differential 
mode the sign may also be selected. 
Channel 
0 


may be selected 
as the positive 
input and channel 
1 as the 


negative 
input 
or vice 
versa. 
This 
programmability 
is best 


illustrated 
by the MUX 
addressing 
codes 
shown 
in the fol- 


lowing 
table. The MUX address 
is shifted 
into the converter 


through 
the 01 line. 


Address 
Channel 
II 


SGLI 
0001 
SELECT 
0 
1 
2 
3 
OIF 
SIGN 
1 
0 


1 
0 
0 
1 
+ 


1 
0 
1 
1 
+ 


1 
1 
0 
1 
+ 


1 
1 
1 
1 
+ 


Address 
Channel 
II 


SGLI 
0001 
SELECT 
0 
1 
2 
3 
OIF 
SIGN 
1 
0 


0 
0 
0 
1 
+ 
- 


0 
0 
1 
1 
+ 
- 


0 
1 
0 
1 
- 
+ 


0 
1 
1 
1 
- 
+ 


Functional Description 
(Continued) 


Since the input configuration is under software control, it 
can be modified, as required, at each conversion. A channel 
can be treated as a single-ended, ground referenced input 
for one conversion; then it can be reconfigured as part of a 
differential channel for another conversion. Figure 
1 illus- 


trates the input flexibility which can be achieved. 
The analog input voltages for each channel can range from 
50 mV below ground to 50mV above Vcc(typically 5V) with- 
out degrading conversion accuracy. 


2.0 THE DIGITAL 
INTERFACE 


A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 
provements; it allows more function to be included in the 
converter package with no increase in package size and it 
can eliminate the transmission of low level analog signals by 
locating the converter right at the analog sensor; transmit- 


ting highly noise immune digital data back to the host proc- 
essor. 
To understand the operation of these converters it is best to 
refer to the Timing Diagram and Functional Block Diagram 
and to follow a complete conversion sequence. 
1. A conversion is initiated by first pulling the CS (chip se- 
lect) line low. This line must be held low for the entire con- 
version. The converter is now waiting for a start bit and its 
MUX assignment word. 
2. A clock is then generated by the processor (if not provid- 
ed continuously) and output to the AID clock input. 
3. On each rising edge of the clock the status of the data in 
(01) line is clocked into the MUX address shift register. The 
start bit is the first logic "1" that appears on this line (all 
leading zeros are ignored). Following the start bit the con- 
verter expects the next 4 bits to be the MUX assignment 
word. 


0,1{ 


2,3{ 


+(-) 


-(+l 
+(-) 


-(+) 


fII 


Functional Description 
(Continued) 


4. When 
the start bit has been shifted 
into the start location 
of the 
MUX register, 
the input channel 
has been 
assigned 
and a conversion 
is about 
to begin. An interval 
of Yo clock 
period 
(where 
nothing 
happens) 
is automatically 
inserted 
to 
allow 
the selected 
MUX channel 
to settle. 
The SAR status 
line goes high at this time to si!~nal that a conversion 
is now 
in progress 
and the 01 line is disabled 
(it no longer 
accepts 
data). 


5. The data out (DO) line now comes 
out of TRI-STATE 
and 
provide!! 
a leading 
zero 
for this 
one 
clock 
period 
of MUX 
settling 
time. 


6. When the conversion 
begins, 
the output 
of the SAR com- 
parator, 
which 
indicates 
whether 
the analog 
input is greater 
than (high) or less than (low) each successive 
voltage 
from 
the internal 
resistor 
ladder, 
appears 
at the DO line on each 
falling 
edge 
of the clock. 
This data is the result 
of the con- 
version 
being 
shifted 
out 
(with 
the 
MSB coming 
first) 
and 
can be read by the processor 
immediately. 


7. After 
8 clock 
periods 
the conversion 
is completed. 
The 
SAR 
status 
line returns 
low to indicate 
this Yo clock 
cycle 
later. 


8. If the programmer 
prefers, 
the data can be read in an LSB 
first format. 
All 8 bits of the result 
are stored 
in an output 
shift 
register. 
The conversion 
result, 
LSB first, is automati- 
cally shifted 
out the DO line, after the MSB first data stream. 
The 
DO line then 
goes 
low and 
stays 
low until CS is re- 
turned 
high. 


9. All internal 
registers 
are cle.lred 
when the CS line is high. 
If another 
conversion 
is desired, 
CS must 
make 
a high to 
low transition 
followed 
by address 
information. 


The 
01 and 
DO lines 
can 
be tied together 
and 
controlled 
through 
a bidirectional 
processor 
1/0 bit with one wire. This 
is possible 
because 
~he 01 input is only 
"looked-at" 
during 
the 
MUX addressing 
interval 
while 
the 
DO line is still in a 
high impedance 
state. 


3.0 REFERENCE 
CONSIDERATIONS 


The ADC0833 
is intended 
primarily 
for use in circuits 
requir- 
ing absolute 
accuracy. 
In this 
type 
of system, 
the 
analog 


inputs vary between 
very specific 
voltage 
limits and the ref- 
erence 
voltage 
for the 
AID 
converter 
must 
remain 
stable 
with time and temperature. 
For ratio metric 
applications, 
an 
ADC0834 
is a pin-for-pin 
compatible 
alternative 
since it has 
a VREF input (note the ADC0834 
needs one less bit of mux 
addressing 
information). 


The voltage 
applied 
to the VREF/2 
pin defines 
the voltage 
span 
of the 
analog 
input 
[the 
difference 
between 
VIN( +) 
and VIN( -)] 
over which 
the 256 possible 
output 
codes 
ap- 
ply. A full-scale 
conversion 
(an all 1s output 
code) will result 
when 
the voltage 
difference 
between 
a selected 
"+" 
input 
and 
"-" 
input 
is approximately 
twice the 
voltage 
at the 
VREF/2 
pin. This internal 
gain of 2 from 
the applied 
refer- 
ence to the full-scale 
input voltage 
allows 
biasing a low volt- 
age 
reference 
diode 
from 
the 
5VDC converter 
supply. 
To 
accommodate 
a 5V input 
span, 
only 
a 2.5V 
reference 
is 
required. 
The LM385 and LM336 
reference 
diodes 
are good 
low current 
devices 
to use with these 
converters. 
The out- 
put code 
changes 
in accordance 
with 
the following 
equa- 
tion: 


( 
VIN(+) 
- 
VIN(-)) 
Output Code = 256 
2(VREF/2) 


where 
the output 
code is the decimal 
equivalent 
of the 8-bit 
binary output 
(ranging from 0 to 255) and the term VREF/2 
is 
the voltage 
from 
pin 9 to ground. 


The VREF/2 
pin is the center 
point of a two resistor 
divider 
(each 
resistor 
is 3.5 
k!1) connected 
from 
VCC to ground. 
Total 
ladder 
input resistance 
is the sum of these 
two equal 
resistors. 
As shown 
in Figure 
2, a reference 
diode 
with 
a 
voltage 
less than Vcc/2 
can be connected 
without 
requiring 
an external 
biasing 
resistor 
if its current 
requirements 
meet 
the indicated 
level. 


The minimum 
value of VREF/2 
can be quite small (see Typi- 
cal Performance 
Characteristics) 
to allow direct conversions 
of transducer 
outputs 
providing 
less than a 5V output 
span. 


Particular 
care 
must be taken 
with 
regard 
to noise 
pickup, 
circuit 
layout 
and system 
error voltage 
sources 
when 
oper- 
ating with a reduced 
span due to the increased 
sensitivity 
of 
the converter 
(1 LSB equals 
VREF/256). 


CHD 
3.5k 


CH1 


ADC0833 
VREF/2 


CH2 


CH3 
3.5k 


LM336-2.5V 


DND 
-= 


VFULl-SCAlE 
'"' 2.4V 
VFUlL.SCALE::K 5.0V 
vcc 
. 
Vcc/2 
- Vz 
Note: No external biasing resistor needed if Vz < ""2 and Iz mln < 
1.75 kn 


FIGURE 
2. Reference 
Biasing 
Examples 


Functional Description 
(Continued) 


4.0 THE ANALOG 
INPUTS 


The most important 
feature 
of these 
converters 
is that they 


can be located 
right at the analog signal source 
and through 


just a few wires can communicate 
with a controlling 
proces- 


sor with a highly noise immune 
serial bit stream. This in itself 
greatly 
minimizes 
circuitry 
to maintain 
analog 
signal accura- 


cy which 
otherwise 
is most 
susceptible 
to 
noise 
pickup. 
However, 
a few words 
are in order with regard to the analog 


inputs 
should 
the inputs 
be noisy to begin with or possibly 
riding on a large common-mode 
voltage. 


The 
differential 
input 
of these 
converters 
actually 
reduces 


the effects 
of common-mode 
input noise, 
a signal 
common 


to both selected 
••+.. and ••-" 
inputs 
for a conversion 
(60 


Hz is most typical). 
The time interval 
between 
sampling 
the 


..+.. input and then 
the ••-" 
input is '12 of a clock 
period. 


The change 
in the common-mode 
voltage 
during 
this short 


time interval 
can cause 
conversion 
errors. 
For a sinusoidal 


common-mode 
signal this error is: 


( 
0.5 
) 
Verro,(max) 
= VPEAK(27TfCM) 
-- 
fCLK 


where 
fCM is the frequency 
of the common-mode 
signal, 


VPEAK is its peak voltage 
value 


and fCLK is the AID 
clock 
frequency. 


For a 60 Hz common-mode 
signal 
to generate 
a 'I. LSB 
error 
(z 5 mY) with 
the 
converter 
running 
at 250 
kHz. its 
peak value 
would 
have to be 6.63V 
which 
would 
be larger 


than allowed 
as it exceeds 
the maximum 
analog 
input limits. 


Due to the sampling 
nature of the analog inputs short spikes 


of current 
enter the" +..input and exit the" 
-" 
input at the 
clock 
edges 
during 
the 
actual 
conversion. 
These 
currents 


decay 
rapidly 
and do not cause 
errors 
as the internal 
com- 
parator 
is strobed 
at the end of a clock 
period. 
Bypass 
ca- 
pacitors 
at the inputs will average 
these currents 
and cause 


an effective 
DC current 
to flow 
through 
the 
output 
resist- 


ance of the analog 
signal source. 
Bypass 
capacitors 
should 


not be used if the source 
resistance 
is greater 
than 
1 kO. 


This source 
resistance 
limitation 
is important 
with regard to 


the 
DC leakage 
currents 
of input 
muitiplllxer 
as well. 
The 


worst-case 
leakage 
current 
of ± 1 IJoAover temperature 
will 


create 
a 1 mV inut error with a 1 kO source 
resistance. 
An 


op amp 
RC active 
low pass filter 
can provide 
both 
imped- 


ance 
buffering 
and noise filtering 
should 
a high impedance 


signal 
source 
be required. 


5.0 OPTIONAL 
ADJUSTMENTS 


5.1 Zero 
Error 


The 
zero 
of the AID 
does 
not 
require 
adjustment. 
If the 


minimum 
analog 
input voltage 
value, VIN(MIN), is not ground 


a zero 
offset 
can be done. 
The converter 
can be made 
to 


output 
0000 0000 digital code for this minimum 
input voltage 


by biasing 
any 
VIN (-) 
input 
at this 
VIN(MIN) value. 
This 


utilizes 
the differential 
mode operation 
of the AID. 


The zero error of the AID 
converter 
relates 
to the location 


of the first 
riser 
of the transfer 
function 
and can 
be mea- 


sured 
by grounding 
the VIN( -) 
input and applying 
a small 


magnitude 
positive 
voltage 
to the VIN( +) input. Zero error is 


the 
difference 
between 
the 
actual 
DC input voltage 
which 


is necessary 
to just cause 
an output 
digital 
code 
transition 
from 
0000 
0000 
to 0000 
0001 
and the ideal '12 LSB value 
(y. LSB=9.8 
mV for VREF/2=2.500 
Voc). 


5.2 Fun-Scale 


The full-scale 
adjustment 
can be made by applying 
a differ- 


ential input voltage 
which is 1 '12 LSB down from the desired 
analog 
full-scale 
voltage 
range and then adjusting 
the mag- 


nitude 
of the 
VREF input 
or VCC for a digital 
output 
code 


which 
is just changing 
from 
1111 1110 to 1111 1111. 


5.3 Adjusting 
for an Arbitrary 
Analog 
Input 
Voltage 
Range 


If the analog 
zero voltage 
of the AID 
is shifted 
away 
from 


ground 
(for example, 
to accommodate 
an analog 
input sig- 


nal which 
does 
not go to ground), 
this new zero reference 


should 
be properly 
adjusted 
first. 
A VIN( +) voltage 
which 


equals 
this desired 
zero reference 
plus '12 LSB (where 
the 
LSB 
is 
calculated 
for 
the 
desired 
analog 
span, 
using 
1 LSB = analog 
span/256) 
is applied 
to selected 
••+..input 


and the zero 
reference 
voltage 
at the corresponding 
••-" 


input 
should 
then 
be adjusted 
to just 
obtain 
the OOHEX to 
01 HEX code transition. 


The full-scale 
adjustment 
should 
be made 
[with the proper 


Vln( -) 
voltage 
applied] 
by forcing 
a voltage 
to the VIN( +) 


input which 
is given by: 


. 
[ 
(VMAX - 
VMIN) 
] 
VIN (+) fs ad) = VMAX - 
1.5 
256 


where: 


VMAX= 
the high end of the analog 
input range 


and 


VMIN = 
the 
low 
end 
(the 
offset 
zero) 
of 
the 
analog 
range. 


(Both 
are ground 
referenced.) 


The 
VREF/2 
voltage 
is then 
adjusted 
to 
provide 
a code 


change 
from 
FEHEX to FFHEX. This 
completes 
the adjust- 


ment 
procedure. 


6.0 POWER 
SUPPLY 


A unique 
feature 
of the ADC0833 
is the inclusion 
of a 7V 


zener 
diode 
connected 
from 
the 
V+ 
terminal 
to 
ground 


which also connects 
to the Vcc terminal 
(Which is the actual 


converter 
supply) 
through 
a silicon 
diode, 
as shown 
in Fig- 


ure3. 


Vee 
ACTUAl 
CONVERTER 
SUPPlY 
.... 
•... 
• 


Functional Description 
(Continued) 
This zener is intended for use as a shunt voltage regulator 
to eliminate the need for any additional regulating compo- 
nents. This is most desirable if the converter is to be re- 
motely located from the system power source. Figures 4 
and 5 illustrate two useful applications of this on-board ze- 
ner when an external transistor can be afforded. 


An important use of the interconnecting diode between V+ 
and Vcc is shown in Figures 6 and 7. Here, this diode is 
used as a rectifier to allow the VCCsupply for the converter 


12Y 
SYSTEM 
SUPPlY 


TL/H/5607-15 
FIGURE 4. Operating with a Temperature 
Compensated Reference 


l00WHz 
CLOCK 
5.3V~J1f 


TLIH/5607-17 


'Note 4.5V ,;; Vcc ,;; 6.3V 


to be derived from the clock. The low current requirements 
of the AID 
(- 
3 mAl and the relatively high clock frequen- 
cies used (typically in the range of 10k-400 kHz) allows us- 
ing the small value filter capacitor shown to keep the ripple 
on the Vcc line to well under V. of an lSB. The shunt zener 
regulator can also be used in this mode. This requires a 
clock voltage swing which is in excess of Vz. A current limit 
for the zener is needed, either built into the clock generator 
or a resistor can be used from the ClK pin to the V + pin. 


12V 
SYSTEM 
SUPPlY 


TO. 
1 


CMOS 


OR 
NMOS 
CIRCUITS 


FIGURE 5. Using the AID as the 
System Supply Regulator 


TLIH/5607 -9 
FIGURE 7. Remote Senslng-Clock 
and Power on 1 Wire 


Digital Link and Sample 
Controlling 
Software 
for the 
Serially 
Oriented 
COP420 
and the Bit Programmable 
110 INS8048 


COP CODING 
EXAMPLE 
8048 CODING 
EXAMPLE 


Mnemonic 
Instruction 
Mnemonic 
Instruction 


LEI 
ENABLES 
SIO's INPUT AND OUTPUT 
START: 
ANL 
P1, #OF7H 
;SELECT 
AID 
(cS= 
0) 


SC 
C=1 
MOV 
B, #5 
;BIT COUNTER 
+- 
5 


OGI 
GO=O(~=O) 
MOV 
A,#ADDR 
;A +- 
MUX ADDRESS 


CLRA 
CLEARS 
ACCUMULATOR 
LOOP 1: 
RRC 
A 
;CY +- 
ADDRESS 
BIT 


AISC1 
LOADS ACCUMULATOR 
WITH 1 
JC 
ONE 
;TESTBIT 


XAS 
EXCHANGES 
SIO WITH ACCUMULATOR 
;BIT=O 


AND STARTS 
SK CLOCK 
ZERO: 
ANL 
P1, #OFEH 
;DI+-O 


LDD 
LOADS 
MUX ADDRESS 
FROM RAM 
JMP 
CONT 
;CONTINUE 


INTO ACCUMULATOR 
;BIT=1 


NOP 
ONE: 
ORL 
P1, #1 
;DI+-1 


XAS 
LOADS 
MUX ADDRESS 
FROM 
CONT: 
CALL 
PULSE 
;PULSESKO-+1 
-+0 


ACCUMULATOR 
TO SIO REGISTER 
DJNZ 
B, LOOP 1 
;CONTINUE 
UNTIL DONE 
i 
CALL 
PULSE 
;EXTRA CLOCK 
FOR SYNC 
fII 


8 INSTRUCTIONS 
MOV 
B, #8 
;BIT COUNTER 
+- 
8 


-l- 
LOOP 2: 
CALL 
PULSE 
;PULSESKO-+1 
-+0 


XAS 
READS 
HIGH ORDER 
NIBBLE 
(4 BITS) 
IN 
A, P1 
;CY+-DO 


INTO ACCUMULATOR 
RRC 
A 


XIS 
PUTS HIGH ORDER 
NIBBLE 
INTO RAM 
RRC 
A 


CLRA 
CLEARS 
ACCUMULATOR 
MOV 
A,C 
;A+-RESULT 


. RC 
C=O 
RLC 
A 
;A(O) +- 
BIT AND SHIFT 


XAS 
READS 
LOW ORDER 
NIBBLE 
INTO 
MOV 
C,A 
;C+-RESULT 


ACCUMULATOR 
AND STOPS SK 
DJNZ 
B, LOOP 2 
;CONTINUE 
UNTIL DONE 


XIS 
PUTS LOW ORDER 
NIBBLE 
INTO RAM 
RETR 


OGI 
GO=1 
(~=1) 
;PULSE SUBROUTINE 


LEI 
DISABLES 
SIO's INPUT AND OUTPUT 
PULSE: 
ORL 
P1, #04 
;SK+-1 


NOP 
;DELAY 


ANL 
P1, #OFBH 
;SK+-O 


RET 


· 
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20k 


XDR 
VXOR 
VIN(+) 
Vee 
+ 


lk 
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T 


1DIlF 


ZERO 
ADJ 
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High Accuracy 
Comparators 


sv 
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~I' 
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Vcc 
(5 Voc) 


DO ~ alils 
if + VIN > -VIN 


DO ~ all Os if + VIN < -VIN 


Diodesare lN914 
TL/H/5607-20 


For additional 
application 
ideas, refer to the data sheet for the ADC0831 
family of serial data converters. 


Temperature 
Total 


Part Number 
Unadjusted 
Range 
Error 


ADC0833BCN 
O'Cto 
+70'C 
±1/2 
LSB 


ADC0833CCJ 
- 40'C to + 85'C 
..- 
±1 
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O'Cto 
+70'C 
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t!JNational 
Semiconductor 


ADC08031/ ADC08032/ ADC08034/ ADC08038 8-Bit 
High-Speed Serial I/O A/D Converters with Multiplexer 
Options, Voltage Reference, and Track/Hold 
Function 


General Description 
The 
ADC08031/ ADC08032/ ADC08034/ ADC08038 
are 


8-bit successive approximation AID converters with serial 1/ 
o and configurable input multiplexers with up to 8 channels. 
The serial I/O 
is configured to comply with the NSC 


MICROWIRETMserial data exchange standard for easy in- 
terface to the COPSTMfamily of controllers, and can easily 
interface with standard shift registers or microprocessors. 
The ADC08034 and ADC08038 provide a 2.6V band-gap 
derived reference. For devices offering guaranteed voltage 
reference performance over temperature see ADC08131, 
ADC08134 and ADC08138. 


A track/hold function allows the analog voltage at the posi- 
tive input to vary during the actual AID conversion. 
The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or pseudo-differ- 
ential modes. In addition, input voltage spans as small as 1V 
can be accommodated. 


Applications 
• 
Digitizing automotive sensors 


• 
Process control monitoring 


• 
Remote sensing in noisy environments 


• 
Instrumentation 
• 
Test systems 


• 
Embedded diagnostics 


Features 
• 
Serial digital data link requires few I/O pins 
• 
Analog input track/hold function 
• 
2-, 4-, or 8-channel input mUltiplexer options with ad- 
dress logic 
• 
OVto 5V analog input range with single 5V power 
supply 
• 
No zero or full scale adjustment required 
• 
TTL/CMOS input/output compatible 
• 
On chip 2.6V band-gap reference 
• 
0.3" standard width 8-, 14-, or 20-pin DIP package 


• 
14-, 20-pin small-outline packages 


Key Specifications 
• 
Resolution 
8 bits 


• 
Conversion time (fc = 1 MHz) 
8,...s(max) 


• 
Power dissipation 
20mW (max) 


• 
Single supply 
5Voc (±5%) 


• 
Total unadjusted error 
±'!2 LSB and ±1LSB 


• 
No missing codes over temperature 


Ordering Information 


Industrial 
( - 40"C ~ TA ~ +8S'C) 


ADC08031BIN, ADC08031CIN 


ADC08032BIN, ADC08032CIN 


ADC08034BIN, ADC08034CIN 


ADC08038BIN, ADC08038CIN 


ADC08031BIWM. ADC08031CIWM, 
ADC08032BIWM. ADC08032CIWM, 
ADC08034BIWM. ADC08034CIWM 


ADC08038BIWM, ADC08038CIWM 


Package 


N08E 


N08E 


N14A 


N20A 


CHO 
1 


CHI 
2 


CH2 
3 


CH3 
-4 


CH-4 
5 


CH5 
6 


CH6 
7 


CH7 
8 


COW 
9 


. DGNO 
10 


ADC08032 
Dual-In-Une 
Package 


ADC08032 


Small Outline Package 


Vcc 


VIlEr OUT 


CS 


DI 


CLK 


SARS 


DO 
Sf 


vIlEr 
IN 


AGNO 


VCC(R£f) 
ClK 


DO 


DI 


Vcc (VR£r) 


NC 


CLK 


NC 


DO 


NC 


01 


VIlEr OUT 


CS 


CHO 


CHI 


CH2 


CH3 


DGNO 


AoCoao31 
Dual-In-Une 
Package 


ADC08031 
Small OuUlne Package 


cs 


NC 


VIN(t) 


He 


VINe-> 


NC 


GNO 


1-4 
Vcc 


13 
NC 


12 
ClK 


11 
He 


10 
DO 


9 
He 


8 
VREr 
fII 


6.5V 


-- 
-, --------~ ..., 
Supply Voltage 
(Vccl 
ADC08034BIN, 
ADC08034CIN, 
Voltage 
at Inputs and Outputs 
-0.3Vto 
Vcc + 0.3V 
ADC08038BIN, 
ADC08038CIN, 
Input Current 
at Any Pin (Note 4) 
±5mA 
ADC08031 
BIWM, ADC08032BIWM, 
Package 
Input Current 
(Note 4) 
±20 
mA 
ADC08034BIWM, 
ADC08038BIWM 


Power Dissipation 
at TA = 25'C 
(Note 5) 
800mW 
ADC08031 
CIWM, ADC08032CIWM, 
ESD Susceptibility 
(Note 6) 
1500V 
ADC08034CIWM, 
ADC08038CIWM 


Soldering 
Information 
I 


N Package 
(10 sec.) 
260'C 
Supply Voltage 
(Vccl 
4.5 VDC to 6.3 VDC 


SO Package: 
Vapor 
Phase (60 sec.) 
215'C 


Infrared 
(15 sec.) (Note 7) 
220'C 


Storage 
Temperature 
- 65'C to + 150'C 


Electrical Characteristics 
The following 
specifications 
apply for Vcc = VREF = + 5 Voc, and fCLK = 1 MHz unless otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25'C. 


ADC08031, 
ADC08032, 
, 
1 


ADC08034 
and 


ADC08038 
with 
BIN, 


Symbol 
Parameter 
Conditions 
CIN,BIWMor 
r 
Units 


CIWM Suffixes 
" 


(Limits) 


~.;;) 
Typical 
Limits 


(Note 
8) - 
(Note 
9) 


CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 


Total Unadjusted 
Error 
(Note 10) 


BIN,BIWM 
±y. 
LSB (max) 


CIN,CIWM 
±1 
LSB (max) 


Differential 
8 
Bits (min) 
Linearity 


RREF 
Reference 
Input Resistance 
(Note 11) 
3.5 
kO 


1.3 
kO (min) 


8.0 
kO (max) 


VIN 
Analog 
Input Voltage 
(Note 12) 
(Ycc + 0.05) 
V (max) 


(GND 
- 
0.05) 
V (min) 


DC Common-Mode 
Error 
±Y4 
LSB (max) 


Power Supply Sensitivity 
VCC = 5V ±5%, 
±% 
LSB (max) 


VREF = 4.75V 


On Channel 
Leakage 
On Channel 
= 5V, 
0.2 
IJoA(max) 
Current 
(Note 13) 
Off Channel 
= OV 
1 


On Channel 
= OV, 
-0.2 
IJoA(max) 
Off Channel 
= 5V 
-1 


Off Channel 
Leakage 
On Channel 
= 5V, 
-0.2 
IJoA(max) 
Current 
(Note 13) 
Off Channel 
= OV 
-1 


On Channel 
= OV, 
0.2 
IJoA(max) 
Off Channel 
= 5V 
1 


Electrical Characteristics 
(Continued) 
The following 
specifications 
apply for Vcc = VREF = + 5 Voc, 
and fCLK = 1 MHz unless otherwise 
specified. 
Boldface 
limits 


apply 
for TA = TJ = T MIN to TMAX; all other 
limits TA = TJ = 25°C. 


ADC08031, 
ADC08032, 


ADC08034 
and 


ADC08038 
with BIN, 
Units 
Symbol 
Parameter 
Conditions 
CIN,BIWMor 
(Limits) 


CIWM Suffixes 


Typical 
Limits 


(Note 
8) 
(Note 
9) 


DIGITAL 
AND DC CHARACTERISTICS 


VIN(l) 
Logical 
"1" 
Input Voltage 
Vcc = 5.25V 
2.0 
V (min) 


VIN(O} 
Logical 
"0" 
Input Voltage 
Vcc = 4.75V 
0.8 
V (max) 


IIN(l) 
Logical 
"1" 
Input Current 
VIN = 5.0V 
1 
IJ-A(max) 


IIN(O) 
Logical 
"0" 
Input Current 
VIN = OV 
-1 
IJ-A(max) 


VOUT(l) 
Logical 
"1" 
Output Voltage 
Vcc = 4.75V: 


lOUT = -360 
IJ-A 
2.4 
V (min) 


lOUT = -10 
IJ-A 
4.5 
V (min) 


VOUT(O) 
Logical 
"0" 
Output Voltage 
Vcc = 4.75V 
0.4 
V (max) 


lOUT = 1.6 mA 


lOUT 
TRI-STATE'!> 
Output Current 
VOUT = OV 
-3.0 
IJ-A(max) 


VOUT = 5V 
3.0 
IJ-A(max) 


ISOURCE 
Output 
Source Current 
VOUT = OV 
-6.5 
mA(min) 


ISINK 
Output 
Sink Current 
VOUT = Vcc 
, 
8.0 
mA(min) 


Ice 
Supply Current 


ADC08031, 
ADC08034, 
CS = HIGH 
3.0 
mA(max) 


and ADC08038 
. 


ADC08032 
(Note 16) 
. 
7.0 
mA(max) 


REFERENCE 
CHARACTERISTICS 
'" 


VREFOUT 
Nominal 
Reference 
Output 
VREFOUT Option 
" 


Available 
Only on 
2.6 
V 


ADC08034 
and ADC08038 


Electrical Characteristics 
(Continued) 
The following 
specifications 
apply for Vcc = VREF = + 5 Voc, and t, = tf = 20 ns unless otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = T MIN to T MAX; all other 
limits TA = TJ = 25"C. 


Conditions 
Typical 
limits 
Units 
Symbol 
Parameter 
(NoteS) 
(Note 
9) 
(limits) 


fCLK 
Clock Frequency 
10 
kHz (min) 
1 
MHz (max) 


Clock Duty Cycle 
40 
% (min) 


(Note 14) 
60 
% (max) 


Tc 
Conversion 
Time (Not Including 
fCLK = 1 MHz 
8 
1IfCLK (max) 


MUX Addressing 
Time) 
8 
p.s(max) 


teA 
Acquisition 
Time 
Yo 
1/fCLK(max) 


tSELECT 
CLK High while CS is High 
50 
ns 


tSET-UP 
CS Falling Edge or Data Input 
25 
ns(min) 
Valid to CLK Rising Edge 


tHOLD 
Data Input Valid after CLK 
20 
ns(min) 
Rising Edge 
, 


tpd1, tpdO 
CLK Falling Edge to Output 
CL = 100 pF: 


Data Valid (Note 15) 
Data MSB First 
250 
ns(max) 


Data LSB First 
200 
ns(max) 


t1H, toH 
TRI-STATE 
Delay from Rising Edge 
CL = 10pF, 
RL = 10kD. 
50 
ns 
of CS to Data Output 
and SARS Hi-Z 
(see TRI-STATE 
Test Circuits) 


CL = 100 pF, RL = 2 kD. 
180 
ns(max) 


CIN 
Capacitance 
of Logic Inputs 
5 
pF 


COUT 
Capacitance 
of Logic Outputs 
5 
pF 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 
2: Operating 
Ratings indicate 
conditions 
for which the device 
is functional. 
These ratings do not guarantee 
specific 
performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated 
under the listed test conditions. 


Note 3: All voltages are measured with respect to AGND = DGND = 0 Vae, unless otherwise 
specified. 


Note 4: When the input voltage VIN at any pin exceeds the power supplies {VIN < (AGND or DGND) or VIN > Vcc,) the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four 
pins. 


Note 5: The maximum power dissipation must be derated at elevated temperatures 
and is dictated by TJMAX' 8JA and the ambient temperature. 
TA. The maximum 
allowable 
power dissipation at any temperature 
is Po = {TJMAX - 
T/JJ18 JA or the number given in the Absolute 
Maximum Ratings, whichever is lower. For devices 
with suffixes BIN, CIN. BIJ. CIJ. BIWM, and CIWM TJMAX = 12SoC. For devices with suffix CMJ, TJMAX = 1S00C. The typical thermal resistances 
{8J/JJ of these 
partswhenboardmountedfollow:ADCOS031andADCOS032with BINandCINsuffixes12r:rC/W, ADCOS034with BINandCINsuffixes95·C/W, 
ADCOS03Swith 
BINandCINsuffixesSr:rC/W. ADCOS031withBIWMandCIWMsuffixes14r:rC/W. ADCOS032withBIWMandCIWMsuffixes14r:rC/W, ADCOS034withBIWMand 
CIWMsuffixes14r:rC/W. 
ADCOS03Swith BIWMand CIWMsuffixes91·C/W. 


Note 6: Human body model, 100 pF capacitor 
discharged 
through a 1.S kO resistor. 


Note 
7: See AN4S0 "Surface 
Mounting 
Methods 
and Their Effect on Product 
Reliability" 
or Unear Data Book section 
"Surtace 
Mount" 
for other methods 
of 
soldering 
surtace mount devices. 


Note 8: Typicals are at TJ = 2SoC and represent 
the most likely parametric 
norm. 


Note 9: Guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 
10: Total unadjusted 
error includes offset, full-scale, 
linearity, multiplexer. 
Nole 11:Cannotbe testedfor the ADCOS032. 


Note 
12: For VIN(-) 
~ VIN(+) the digital code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward-conduct 
for analog input voltages one diode drop below ground or one diode drop greater than Vcc supply. During testing at low Vcc levels (e.g., 4.SV), high level analog 
inputs (e.g., SV) can cause an input diode to conduct, especially at elevated temperatures, 
which will cause errors for analog inputs near full-scale. The spec allows 
SO mV forward bias of either diode; this means that as long as the analog VIN does not exceed the supply voltage by more than SOmV, the output code will be 
correct. 
Exceeding this range on an unselected 
channel will corrupt the reading of a selected channel. Achievement 
of an absolute 0 Voc to S Voc input voltage 
range will therefore 
require a minimum supply voltage of 4.9S0 Voc over temperature 
variations, 
initial tolerance 
and loading. 


Note 
13: Channel leakage current is measured after a single-ended 
channel is selected and the clock is turned off. For off channe/leakage 
current the following 


two cases are considered: 
one, with the selected channel tied high {5 Vod 
and the remaining seven off channels tied low {OVocl, total current flow through the off 
channels is measured; two. with the selected channel tied low and the off channels tied high, total current flow through the off channels is again measured. The two 
cases considered 
for determining 
on channel leakage current are the same except total current flow through the selected channel 
is measured. 


Note 
14: A 40% to 60% duty cycle range insures proper operation 
at all clock frequencies. 
In the case that an available clock has a duty cycle outside of these 
limits the minimum time the clock is high or low must be at least 4S0 ns. The maximum time the clock can be high or low is 100 IJ-s. 


Note 
15: Since data, MSB first, is the output of the comparator 
used in the successive 
approximation 
loop, an additional 
delay is built in (see Block Diagram) to 


allow for comparator 
response time. 


Note 
18: For the ADC08032 
VREFIN is internally tied to Vcc, therefore, 
for the ADC08032 
reference 
current is included in the supply current. 


Typical Performance 
Characteristics 


Linearity 
Error vs 
Linearity 
Error vs 
Linearity 
Error vs 
Reference 
Voltage 
Temperature 
Clock Frequency 


0.50 
U 


Vcc = 5 Voc 
0.50 
1.00 


VREF = 5 
Voc 
fClK 
= 1 MHz 
Vcc 
= 5 Voc 


~ 


T. 
= 
250(; 
~ 
ef 
0.75 
1250(;1 
C. 


~ 
~ 
~ 
17 
'-- 
:i1 


e;D.25 
eiD.25 
"""- 


e; 
O.SO 
Jl 
~ 
! 
VREF = 5.0Y 
! 
\ 
/ 
-550(; 
~ 
::; 
fCLK =11 MHz 
::; 
0.25 


250(; 


0.00 
0.00 
0 


0 
1 
2 
3 
4 
5 
-100 
-so 
0 
so 
100 
ISO 
0 
2SO 
500 
7SO 
1000 
1250 
1500 
17SO 


REFERENCE VOLT.GE 
(v) 
TEMPER.TURE 
(0(;) 
CLOCK 
FREQUENCV (kHz) 


Power 
Supply Current 
vs 


Temperature 
(ADC08038, 
Output 
Current 
vs 
Power Supply Current 
ADC08034, 
ADC08031) 
Temperature 
vs Clock Frequency 


2.5 
35 
2.5 
VCC=5VOC 
L.o 
3lJ 
<' 
T. 
= 
250(; 


~CC 
= 
~.5 
vocl 
l' 
~ 
j...- ISINK (Voc 
= 5V) 
52.D 


!z 
~ 


~ 1.5 


::- 
25 
I"'---. 
i 1.5 
- 
13 
I~ 
i 


.......... 
13 - 
i 


20 
i 


1.0 


'-- 
Vcc 
= 4.5 
Voc 
1.0 


fCLJ( 
;;: 1 lIlHz 
...•..•...t...-- 
~ 


15 
~ 
CS= 
"1" I 
""- 
IsoURCE (Voc 
= 
OV) 
~ 
~o.s 
0 
0.5 
10 
~ 
Vcc 
= 
5 Voc l-+ 
~ 


0.0 
5 
0.0 


-100 
-so 
0 
so 
100 
lSO 
-100 
-so 
0 
so 
100 
ISO 
0 
250 
500 
750 
1000 
1250 
1500 
1750 


TEMPER'TURE 
(0(;) 
TEMPERATURE (0(;) 
CLOCK 
FREQUENCV (kHz) 


TLiH/10555-6 


Note: 
For 
ADCOe032 
add 
IREF 


Leakage Current Test Circuit 
I 


5V 


ION-+ 
AOC8I03X 
" 
0- CN A (ON CHANNEll 
P: 


IOFF0-...] 
. 


t--------- 


CH 
C 
OFF 
CHANNEL 
: 
CHANNElS 
VOLTAGE 
SELECT 
t--------- 
..--------- . 


TLiH/l0555-7 


90% 


50% 


GND 
10% 


DOANDVOH 
~:tH 


SARS DUTPUTS 
~ 


GND 
-------- 


GND 


~ 


OH 


Vee 
--- 
DO AND 


SARS DUTPUTS 
10% 


VDL 


TLiH/10555-10 


·To 
reset these 
devices, 
elK and ~ 
must be simultaneously 
high for a period of tsELECT or greater. 
Otherwise 
these 
devices 
are compatible 
with industry 


standards ADC0831/2/4/8. 


,.--~1------------ 
I 
I 
____ 
J 


ADC08031 
Timing 


6 
8 


a.OCK 
(CLK) 


Clfl' SELECT 
(CS) 


DATAIN 
(01) 


SAR STATUS 


~ 
(SARS) 


'" 
I\) 


5[="0" 
IIlTA OUT (00) 
~T 


SE TO 
CONTROL 
LSB 
RRST 
OUTPUT 
00 


1 
CHO 
2 
CHl 
3 
Even 
Sample 
CH2· 
/Hold 
4 
CH3· 
S 
CH4· 
6 
Odd 
CHS· 
~ 


7 
CH6· 
8 
0> 
CH7· 
'" 
COM 
COM· 


V 
~ 
To Internal 
Input E50 Protection 
ClrcuRry 


CC 
ClrcuRry 
f- 


10 
Channel 
To 


OONOO~ 
Inputs. 
Internal 
Pin 1-8 
ClrcuRs 
-~+ 
VREFOlJTO 


On All Other 
To 


Pins 
Internal 
ClrcuRs 


12 
VREFIN· 
11 
AGNO 


SAR 
Logic 
and 
Latch 


·Some 
of these 
functions/pins 
are not available 
with other options. 


Note 
1: For the ADC08034, the "SEL 1" Flip-Flop is bypessed, for the ADC08032, both "SEL 0" and "SEL 1" Flip-Flops are bypassed. 


I 


ferential 
analog 
input 
to 
be 
converted 
by a successive- 
approximation 
routine. 


The actual 
voltage 
converted 
is always 
the difference 
be- 


tween 
an assigned" 
+..input terminal 
and a "-" 
input ter- 
minal. 
The 
polarity 
of each 
input 
terminal 
of the 
pair indi- 
cates 
which 
line the converter 
expects 
to be the most posi- 
tive. If the assigned" 
+" input voltage 
is less than the" 
-" 


input voltage 
the converter 
responds 
with an all zeros 
out- 
put code. 


A unique input multiplexing 
scheme 
has been utilized to pro- 


vide 
multiple 
analog 
channels 
with 
software-configurable 
single-ended, 
differential, 
or pseudo-differential 
(which 
will 
convert 
the 
difference 
between 
the voltage 
at any analog 


input and a common 
terminal) 
operation. 
The analog 
signal 


conditioning 
required 
in transducer-based 
data 
acquisition 


systems 
is significantly 
simplified 
with this type of input flexi- 
bility. One converter 
package 
can now handle 
ground 
refer- 
enced 
inputs 
and true differential 
inputs 
as well as signals 


with some 
arbitrary 
reference 
voltage. 


A particular 
input configuration 
is assigned 
during 
the MUX 
addressing 
sequence, 
prior to the start of a conversion. 
The 


MUX address 
selects 
which 
of the analog 
inputs 
are to be 


enabled 
and whether 
this input is single-ended 
or differen- 


tial. 
Differential 
inputs 
are 
restricted 
to 
adjacent 
channel 
pairs. For example, 
channel 
0 and channel 
1 may be select- 


ed 
as 
a differential 
pair 
but 
channel 
0 or 
1 cannot 
act 


o may be selected 
as the positive 
input 
and channel 
1 as 
the 
negative 
input 
or vice 
versa. 
This 
programmability 
is 
best illustrated 
by the MUX addressing 
codes 
shown 
in the 
following 
tables 
for the various 
product 
options. 


The 
MUX 
address 
is shifted 
into the 
converter 
via the 
DI 
line. Because 
the ADC08031 
contains 
only one differential 
input 
channel 
with 
a fixed 
polarity 
assignment, 
it does 
not 
require 
addressing. 


The 
common 
input 
line 
(COM) 
on the 
ADC08038 
can 
be 
used as a pseudo-differential 
input. In this mode the voltage 
on this pin is treated 
as the "-" 
input for any of the other 
input 
channels. 
This 
voltage 
does 
not 
have 
to be analog 
ground; 
it can be any reference 
potential 
which 
is common 
to all of the inputs. This feature 
is most useful 
in single-sup- 
ply applications 
where the analog 
circuity 
may be biased 
up 
to a potential 
other 
than ground 
and the output 
signals 
are 
all referred 
to this potential. 


TABLE 
I. Multiplexer/Package 
Options 


Part 
Number 
of Analog 
Channels 
Number 
of 


Number 
Single-Ended 
Differential 
Package 
Pins 


ADC08031 
1 
1 
8 


ADC08032 
2 
1 
8 


ADC08034 
4 
2 
14 


ADC08038 
8 
4 
20 


MUXAddress 
Analog 
Single-Ended 
Channel 
if 


START 
SGL/ 
ODD/ 
SELECT 
0 
1 
2 
3 
4 
5 
6 
7 
COM 
OIF 
SIGN 
1 
0 


1 
1 
0 
0 
0 
+ 
- 


1 
1 
0 
0 
1 
+ 
- 


1 
1 
0 
1 
0 
+ 
- 


1 
1 
0 
1 
1 
+ 
- 
f 


1 
1 
1 
0 
0 
+ 
-1 


1 
1 
1 
0 
1 
+ 
-~ 


1 
1 
1 
1 
0 
+ 
- 


1 
1 
1 
1 
1 
+ 
- 


Functional Description 
(Continued) 


TABLE II. MUX Addressing: ADC08038 (Continued) 


Differential 
MUX Mode 


MUXAddress 
Analog Differential Channel-Pair # 


START 
SGLI 
0001 
SELECT 
0 
1 
2 
3 
DIF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
6 
7 


1 
0 
0 
0 
0 
+ 
- 


1 
0 
0 
0 
1 
+ 
- 


1 
0 
0 
1 
0 
+ 
- 


1 
0 
0 
1 
1 
+ 
- 


1 
0 
1 
0 
0 
- 
+ 


1 
0 
1 
0 
1 
- 
+ 


1 
0 
1 
1 
0 
- 
+ 


1 
0 
1 
1 
1 
- 
+ 


TABLE III. MUX Addressing: ADC08034 
TABLE IV. MUX Addressing: 
Single-Ended MUX Mode 
ADC08032 


MUXAddress 
Channel # 


Single-Ended MUX Mode 


MUXAddress 
Channel # 


START 
SGLI 
0001 
SELECT 
0 
1 
2 
3 
DIF 
SIGN 
SGLI 
0001 
1 
START 
DIF 
SIGN 
0 
1 


1 
1 
0 
0 
+ 
1 
1 
0 
+ 
1 
1 
0 
1 
+ 
1 
1 
1 
+ 
1 
1 
1 
0 
+ 
COM is internally tied to AGND 


1 
1 
1 
1 
+ 


COM is internally tied to AGND 


Differential 
MUX Mode 
Differential 
MUX Mode 


MUXAddress 
Channel # 
MUXAddress 
Channel # 


SGLI 
0001 
SELECT 
START 
SGLI 
0001 
0 
1 
START 
DIF 
SIGN 
0 
1 
2 
3 
DIF 
SIGN 
1 


1 
0 
0 
+ 
- 
1 
0 
0 
0 
+ 
- 


1 
0 
1 
- 
+ 
1 
0 
0 
1 
+ 
- 


1 
0 
1 
0 
- 
+ 


1 
0 
1 
1 
- 
+ 
• 


Functional Description 
(Continued) 


Since 
the 
input 
configuration 
is under 
software 
control, 
it 
can 
be 
modified 
as 
required 
before 
each 
conversion. 
A 
channel 
can 
be treated 
as a single-ended, 
ground 
refer- 
enced 
input for one conversion; 
then it can be reconfigured 
as part of a differential 
channel 
for another 
conversion. 
Fig- 
ure 1 illustrates 
the input flexibility 
which 
can be achieved. 


The analog 
input voltages 
for each channel 
can range from 
SOmV below ground 
to SOmV above Vcc 
(typically 
SV) with- 
out degrading 
conversion 
accuracy. 


2.0 THE DIGITAL 
INTERFACE 


A most 
important 
characteristic 
of these 
converters 
is their 
serial data link with the controlling 
processor. 
Using a serial 
communication 
format 
offers two very significant 
system 
im- 
provements; 
it allows 
many 
functions 
to be included 
in a 
small 
package 
and it can eliminate 
the transmission 
of low 
level 
analog 
signals 
by locating 
the 
converter 
right 
at the 
analog 
sensor; 
transmitting 
highly noise immune 
digital data 
back to the host processor. 


To understand 
the operation 
of these converters 
it is best to 
refer to the Timing 
Diagrams 
and Functional 
Block 
Diagram 
and to follow 
a complete 
conversion 
sequence. 
For clarity a 
separate 
timing 
diagram 
is shown 
fOI each device. 


1. A conversion 
is initiated 
by pulling 
the CS (chip 
select) 
line low. This line must be held low for the entire 
conver- 
sion. The converter 
is now waiting 
for a start 
bit and its 
MUX assignment 
word. 


2. On each rising edge of the clock 
the status 
of the data in 
(01) line is clocked 
into the 
MUX address 
shift 
register. 
The start bit is the first logic "1" 
that appears 
on this line 
(all leading 
zeros are ignored). 
Following 
the start bit the 
converter 
expects 
the 
next 
2 to 4 bits 
to be the 
MUX 
assignment 
word. 


+ 


V8IAS-=- 
* 


4 Differential 
Mixed Mode 


+ 


+(-) 
·'I 


0.1 
-(+) 
2.3 
+(-) 
+ 
2.3 
-(+J 
+ 
+(-) 
4.5 
+ 
-(+) 
+I-) 
+ 
6.7 
+ 
-(+) 


+ 
COM (-) 


VBIAS~ 
* 


Functional Description 
(Continued) 


3. When the start bit has been shifted 
into the start location 
of the MUX register, 
the input channel 
has been assigned 


and a conversion 
is about to begin. An interval 
of % clock 


period 
(where 
nothing 
happe,ls) 
is automatically 
inserted 


to allow 
the selected 
MUX channel 
to settle. 
The SARS 
line goes 
high at this time to signal 
that a conversion 
is 
now in progress 
and the 01 line is disabled 
(it no longer 


accepts 
data). 


4. The data out (DO) line now comes 
out of TRI-STATE 
and 
provides 
a leading 
zero for this one clock 
period 
of MUX 


settling 
time. 


5. During the conversion 
the output 
of the SAR comparator 


indicates 
whether 
the analog 
input is greater 
than 
(high) 


or less than (low) a series 
of successive 
voltages 
gener- 


ated internally 
from 
a ratioed 
capacitor 
array (first 5 bits) 


and a resistor 
ladder 
(last 3 bits). After 
each comparison 


the comparator's 
output 
is shipped 
to the DO line on the 


falling 
edge of CLK. This data is the result of the conver- 


sion 
being 
shifted 
out 
(with 
the 
MSB 
first) 
and 
can 
be 


read by the processor 
immediately. 


6. After 
8 clock 
periods 
the 
conversion 
is completed. 
The 


SARS line returns 
low to indicate 
this % clock cycle 
later. 


7. The stored 
data in the successive 
approximation 
register 
is loaded 
into an internal 
shift register. 
If the programmer 


prefers 
the data 
can be provided 
in an LSB first format 


[this makes 
use of the shift enable 
(SE) control 
line). On 


the ADC08038 
the SE line is brought 
out and if held high 


the value of the LSB remains 
valid on the DO line. When 


SE is forced 
low the 
data 
is clocked 
out 
LSB first. 
On 


devices 
which 
do 
not 
include 
the SE control 
line, 
the 


data, 
LSB first, 
is automatically 
shifted 
out the 
DO line 


after the 
MSB first data 
stream. 
The DO line then 
goes 


low 
and 
stays 
low 
until 
CS 
is 
returned 
high. 
The 


ADC08031 
is an exception 
in that its data is only output 
in 


MSB first format. 


8. All internal 
registers 
are cleared 
when the CS line is high 


and the tSELECT requirement 
is met. See Data Input Tim- 


ing under 
Timing 
Diagrams. 
If another 
conversion 
is de- 


sired CS must make 
a high to low transition 
followed 
by 


address 
information. 


The 01 and DO lines can be tied together 
and controlled 


through 
a bidirectional 
processor 
I/O 
bit with 
one wire. 


This is possible 
because 
the 01 input is only "looked-at" 


during 
the MUX addressing 
interval 
while 
the 
DO line is 


still in a high impedance 
state. 


3.0 REFERENCE 
CONSIDERATIONS 


The voltage 
applied 
to the reference 
input on these convert- 


ers, VREFIN, defines 
the voltage 
span 
of the analog 
input 


(the difference 
between 
VIN(MAX) and VIN(MIN) over which 


the 256 
possible 
output 
codes 
apply. 
The devices 
can be 


used either 
in ratiometric 
applications 
or in systems 
requir- 


ing absolute 
accuracy. 
The reference 
pin must be connect- 


ed to a voltage 
source capable 
of driving the reference 
input 


resistance 
which can be as low as 1.3kn. 
This pin is the top 


of a resistor 
divider 
string 
and capacitor 
array 
used for the 


successive 
approximation 
conversion. 


In a ratiometric 
system 
the analog 
input voltage 
is propor- 


tional 
to the voltage 
used for the AID 
reference. 
This volt- 


age is typically 
the system 
power 
supply, 
so the VREFIN pin 


can be tied to VCC (done internally 
on the ADC08032). 
This 


technique 
relaxes 
the stability 
requirements 
of the 
system 


reference 
as the analog 
input and A/D 
reference 
move to- 


gether 
maintaining 
the same 
output 
code 
for a given 
input 


condition. 


For absolute 
accuracy, 
where 
the 
analog 
input 
varies 
be- 


tween 
very specific 
voltage 
limits, the reference 
pin can be 


biased 
with a time and temperature 
stable 
voltage 
source. 


For the ADC08034 
and the ADC08038 
a band-gap 
derived 


reference 
voltage 
of 2.6V (Note 8) is tied to VREFOUT. This 


can 
be tied 
back 
to VREFIN. 
Bypassing 
VREFOUT 
with 
a 


100",F 
capacitor 
is recommended. 
The LM385 
and LM336 


reference 
diodes 
are good 
low current 
devices 
to use with 
these 
converters. 


The maximum 
value 
of the reference 
is limited 
to the Vcc 


supply 
voltage. 
The minimum 
value, 
however, 
can be quite 


small (see Typical 
Performance 
Characteristics) 
to allow 
di- 


rect conversions 
of transducer 
outputs 
providing 
less than a 


5V output 
span. Particular 
care must be taken with regard to 


noise 
pickup, 
circuit 
layout and system 
error voltage 
sourc- 


es 
when 
operating 
with 
a reduced 
span 
due 
to 
the 
in- 


creased 
sensitivity 
of the 
converter 
(1 LSB equals 
VREFI 


256). 


TRANSDUCER 


DV-l.25V 


TLIH/10555-19 


b) Absolute 
with 
a Reduced 
Span 


FIGURE 
2. Reference 
Examples 


• 


The most Important 
teature 
at mese 
converters 
IS mat mey 


can be located 
right at the analog signal source 
and through 


just a few wires can communicate 
with a controlling 
proces- 


sor with a highly noise immune 
serial bit stream. 
This in itself 


greatly 
minimizes 
circuitry 
to maintain 
analog 
signal accura- 
cy which 
otherwise 
is most 
susceptible 
to 
noise 
pickup. 


However, 
a few words 
are in order with regard to the analog 
inputs 
should 
the 
input 
be noisy 
to begin 
with 
or possibly 


riding on a large common-mode 
voltage. 


The differential 
input 
of these 
converters 
actually 
reduces 
the effects 
of common-mode 
input noise, 
a signal common 


to 
both 
selected 
••+.. 
and 
••-" 
inputs 
for 
a conversion 


(60 Hz is most typical). 
The time interval 
between 
sampling 


the" 
+ •• input and then the" 
-" 
input is % of a clock 
peri- 
od. The 
change 
in the 
common-mode 
voltage 
during 
this 
short time interval 
can cause conversion 
errors. 
For a sinus- 
oidal common-mode 
signal this error is: 


(0.5 
) 
Verror(max) 
= VPEAK(21TfCM) 
-- 
fCLK 


where 
fCM is the frequency 
of the common-mode 
signal, 


VPEAK is its peak voltage 
value 


and fCLK is the AID 
clock 
frequency. 


For a 60Hz common-mode 
signal to generate 
a % LSB er- 


ror (:::: 5mV) with the converter 
running 
at 250kHz, 
its peak 


value 
would 
have to be 6.63V 
which 
would 
be larger 
than 
allowed 
as it exceeds 
the maximum 
analog 
input limits. 


Source 
resistance 
limitation 
is important 
with regard 
to the 
DC leakage 
currents 
of the input multiplexer. 
Bypass 
capac- 


itors should 
not be used if the source 
resistance 
is greater 


than 
1kO. The worst-case 
leakage 
current 
of ± 1IJ-A over 


temperature 
will create 
a 1mV input error with a 1kO source 


resistance. 
An op amp RC active 
low pass filter can prOVide 


both 
impedance 
buffering 
and noise 
filtering 
should 
a high 


impedance 
signal 
source 
be required. 


5.0 OPTIONAL 
ADJUSTMENTS 


5.1 Zero 
Error 


The 
zero 
of the 
AID 
does 
not 
require 
adjustment. 
If the 


minimum 
analog 
input voltage 
value, VIN(MIN), is not ground 


a zero 
offset 
can be done. 
The converter 
can be made to 


output 
0000 0000 digital code for this minimum 
input voltage 


by biasing 
any VIN (-) 
input 
at this 
VIN(MIN) value. 
This 


utilizes 
the differential 
mode operation 
of the AID. 


sured 
by grounding 
the VIN (-) 
input and applying 
a small 
magnitude 
positive 
voltage 
to the VIN (+) 
input. Zero error 
is the difference 
between 
the actual 
DC input voltage 
which 
is necessary 
to just cause 
an output 
digital 
code 
transition 
from 
0000 
0000 
to 0000 
0001 
and the ideal % LSB value 
(% LSB = 
9.8mV 
for VREF = 
5.000Voc). 


5.2 Full Scale 


The full-scale 
adjustment 
can be made by applying 
a differ- 


ential input voltage 
which 
is 1% LSB down from the desired 
analog 
full-scale 
voltage 
range and then adjusting 
the mag- 


nitude of the VREFIN input (or Vcc 
for the ADC08032) 
for a 
digital output code which 
is just changing 
from 1111 1110 to 
1111 1111. 


5.3 Adjusting 
for an Arbitrary 
Analog 
Input 
Voltage 
Range 


If the analog 
zero voltage 
of the AID 
is shifted 
away from 
ground 
(for example, 
to accommodate 
an analog 
input sig- 
nal which 
does 
not go to ground), 
this new zero 
reference 
should 
be properly 
adjusted 
first. A VIN (+) 
voltage 
which 
equals 
this desired 
zero reference 
plus % LSB (where 
the 
LSB is calculated 
for the desired 
analog 
span, using 
1 LSB 


= 
analog 
span/256) 
is applied 
to selected" 
+ •• input and 
the zero reference 
voltage 
at the corresponding 
••-" 
input 
should 
then 
be adjusted 
to just obtain 
the OOHEXto 01 HEX 
code transition. 


The full-scale 
adjustment 
should 
be made 
[with the proper 
VIN (-) 
voltage 
applied] 
by forcing 
a voltage 
to the VIN (+) 
input which 
is given by: 


VIN(+)fsadj=V 
_1.5[(VMAX-VMIN)] 
MAX 
256 


where: 


VMAX = 
the high end of the analog 
input range 


and 


VMIN = the low end (the offset zero) of the analog range. 
(Both are ground 
referenced.) 


The VREFIN (or VCC> voltage 
is then 
adjusted 
to provide 
a 
code change 
from FEHEX to FFHEX. This completes 
the ad- 


justment 
procedure. 


·Pinouts 
shown for ADC08038. 


For all other products 
tie to pin functions as shown. 


"D" 
VIMl.) 
'cc 
+ 


':' 


~IDl'f 


ADCOIC3' 


5vDC 
,.. 
,.. 
lA~b'l 
VINH 
VREFIN 
lAMAI 
.... 


':' 
"'" 
':' 


':' 


• 


+l'h 


F 


Zero-Shift 
and Span Adjust: 2V ,;; VIN ,;; 5V 


VCC 
15 VDC' 


1k 


2." 
2 VDC 
ZERD 
ADJ 


----, 
I 
I 
I 
I 


lM336 
I 
I 
_J 
• 


SYSTEM 
TEST 
POINTS 


High Accuracy Comparators 


5V 


+ 
} 


+ 
} 


~ 
jAOC08038 


COM 


AGNO 


• 
Uses one more wire than load cell itself 
• 
Two mini~DIPs could be mounted inside load cell for digital output transducer 
• 
Electronic offset and gain trims relax mechanical 
specs for gauge factor and offset 
• 
Low level ceU output is converted 
immediately 
for high noise immunity 


Isolated 
Data Converter 


TRANSfORMER 
TRW- TC-SSO-32 
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t!JNational 
Semiconductor 


ADC08131/ ADC08134/ ADC08138 8-Bit High-Speed 
Serial I/O A/D Converters with Multiplexer Options, 
Voltage Reference, and Track/Hold 
Function 


General Description 


The 
ADC08131/ADC08134/ADC08138 
are 
8-bit 
succes- 
sive approximation 
AID 
converters 
with serial 110 and con- 


figurable 
input multiplexers 
with up to 8 channels. 
The serial 


I/O 
is configured 
to comply 
with the 
NSC MICROWIRETM 
serial 
data 
exchange 
standard 
for 
easy 
interface 
to 
the 
COPSTM family 
of controllers, 
and can easily 
interface 
with 


standard 
shift registers 
or microprocessors. 


All three devices 
provide 
a 2.5V band-gap 
derived 
reference 
with guaranteed 
performance 
over temperature. 


A track/hold 
function 
allows 
the analog 
voltage 
at the posi- 
tive input to vary during the actual 
AID 
conversion. 


The analog 
inputs 
can be configured 
to operate 
in various 


combinations 
of single-ended, 
differential, 
or pseudo-differ- 


ential modes. 
In addition, 
input voltage 
spans as small as 1V 


can be accommodated. 


Applications 


• 
Digitizing 
automotive 
sensors 


• 
Process 
control/monitoring 


• 
Remote 
sensing 
in noisy environments 


• 
Embedded 
diagnostics 


Features 


• 
Serial 
digital 
data 
link requires 
few I/O 
pins 


• 
Analog 
input track/hold 
function 


• 
4- or 8-channel 
input 
mUltiplexer 
options 
with 
address 
logic 


• 
On-chip 
2.5V 
band-gap 
reference 
(±2% 
over 
tempera- 


ture guaranteed) 


• 
No zero or full scale 
adjustment 
required 


• 
TIL/CMOS 
input/output 
compatible 


• 
OV to 5V analog 
input range 
with single 
5V power 


supply 


Key Specifications 


• 
Resolution 
• 
Conversion 
time (fe = 1 MHz) 


• 
Power 
dissipation 


• 
Single 
supply 


• 
Total 
unadjusted 
error 


• 
Linearity 
Error (VREF = 2.5V) 


• 
No missing 
codes 
(over temperature) 


• 
On-board 
Reference 
+ 2.5V 
± 1.5% 
(Max) 


8 Bits 


8 /Ls (Max) 


20 mW (Max) 


5 Voc 
(±5%) 


± '12 LSB and 
± 1 LSB 


± '12 LSB 


Industrial 
Package 
(-40'C 
os; TA 
os; +85'C) 


ADC08131 
BIN, ADC08131 
CIN 
N08E 


ADC08134BIN, 
ADC08134CIN 
N14A 


ADC08138BIN, 
ADC08138CIN 
N20A 


ADC08134BIWM, 
ADC08134CIWM 
M14B 


ADC08138BIWM, 
ADC08138CIWM 
M20B 


Connection 
Diagrams 


ADC08138 
ADC08134 
Dual-In-Llne 
and 
Dual-In-Line 
and 


Small 
Outline 
Small 
Outline 


Packages 
Packages 


CHO 1 
20 
Va; 
vREF OUT 
1. 
Va; 


CHI 
2 
19 
VREf OUT 
cs 
13 
DI 


CH2 3 
,. 
cs 
CHO 
12 
ClK 


CH3 • 
17 
DI 
CHI 
11 
SARS 


CH' 
5 
16 
CLK 
CH2 
10 
00 


CH5 6 
15 
SARS 
CH3 
9 
VREf 
IN 


7 
1. 
oc 


OGND 
8 
AGIlD 
CH6 
CH7 • 
13 
SE 
TLiH/l07'9-3 


COW 9 
12 
VAEF IN 


DGND 
to 
11 
ACND 


TUH/10749-2 


ADC08131 
Dual-In-Line 
Package 
csO. 
va; 
v~+ 
2 
7 
eLK 


VIN- 
3 
6 
oc 


eND. 
S 
VREf 
C 


'n 
- 
-- - 


v.II""v,u •• U.UUlU,.a 
for ilV8118Dlllty 
ana 
speCifications. 
ADC08134BIN, 
ADC08134CIN, 
Supply Voltage 
(Vecl 
6.5V 
ADC08138BIN, 
ADC08138CIN, 
Voltage 
at Inputs and Outputs 
- 0.3V to Vee 
+ 0.3V 
ADC08134BIWM, 
ADC08138BIWM, 
Input Current 
at Any Pin (Note 4) 
±5mA 
ADC08134CIWM, 
ADC08138CIWM 


Package 
Input Current 
(Note 4) 
±20mA 
Supply Voltage 
(Vecl 
4.5 Voc to 6.3 Voe 
Power Dissipation 
at TA = 25'C 
(Note 5) 
800mW 


ESD Susceptibility 
(Note 6) 
1500V 


Soldering 
Information 


N Package 
(10 sec.) 
260'C 


SO Package: 


Vapor Phase (60 sec.) 
215'C 


Infrared 
(15 sec.) (Note 7) 
220'C 


Storage 
Temperature 
- 65'C to + 150'C 


Electrical Characteristics 
The following 
specifications 
apply 
for Vee = 
+5 
VOC, VREF = 
+2.5 
Voc 
and feLK = 
1 MHz unless 
otherwise 
specified. 


Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25'C. 


ADC08131, 


, 
ADC08134 
and 


ADC08138 
wIth 
BIN, 
Units 
Symbol 
Parameter 
Conditions 
. 
CIN,BIWMor 


CIWM Suffixes 
(Limits) 


Typical 
Limits 


(Note 
8) 
(Note 
9) 


CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 


Linearity 
Error 
VREF = + 2.5 Voe 
BIN,BIWM 
±y. 
LSB (max) 


CIN,CIWM 
'. 
±1 
LSB (max) 


Full Scale Error 
VREF = + 2.5 Voe 
BIN,BIWM 
±y. 
LSB (max) 


CIN,CIWM 
±1 
LSB (max) 


Zero Error 
VREF = + 2.5 Voe 
BIN,BIWM 
±1 
LSB (max) 


CIN,CIWM 
±1 
LSB (max) 
.•.. 


Total Unadjusted 
Error 
VREF = +5Voe 
BIN,BIWM 
(Note 10) 
±y. 
LSB (max) 


CIN,CIWM 
±1 
LSB (max) 


Differential 
Linearity 
VREF = + 2.5 Voe 
8 
Bits (min) 


RREF 
Reference 
Input Resistance 
(Note 11) 
3.5 
kO 


1.3 
kO(min) 


6.0 
kO (max) 


VIN 
Analog 
Input Voltage 
(Note 12) 
(Vcc 
+ 0.05) 
V (max) 


(GND - 
0.05) 
V (min) 


fJI 


Electrical Characteristics 
(Continued) 


The following 
specifications 
apply 
for Vcc 
= 
+5 
Voc, 
VREF = 
+2.5 
Voc 
and fCLK = 
1 MHz 
unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25'C. 


ADC08131, 


ADC08134 
and 


ADC08138 
with 
BIN, 
Units 
Symbol 
Parameter 
Conditions 
CIN,BIWMor 
., 


CIWM Suffixes 


(Limits) 


Typical 
Limits 


(Note 
8) 
(Note 
9) 


CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 
(Continued) 


DC Common-Mode 
Error 
VREF = 2.5 Voc 
±Y2 
LSB(max) 


Power Supply Sensitivity 
Vcc = +5V 
±5%, 
±% 
LSB (max) 


VREF = + 2.5 Voc 


On Channel 
Leakage 
On Channel 
= 5V, 
0.2 
,...A(max) 


Current 
(Note 13) 
Off Channel = OV 
1 


On Channel 
= OV, 
-0.2 
,...A(max) 


Off Channel = 5V 
-1 


Off Channel 
Leakage 
On Channel = 5V, 
-0.2 
,...A(max) 


Current 
(Note 13) 
Off Channel = OV 
-1 


On Channel = OV, 
0.2 
,...A(max) 


Off Channel = 5V 
1 


DIGITAL 
AND DC CHARACTERISTICS 


VIN(1) 
Logical 
"1" 
Input Voltage 
Vcc = 5.25V 
2.0 
V (min) 


VINeO} 
Logical 
"0" 
Input Voltage 
Vcc = 4.75V 
0.8 
V (max) 


IIN(1) 
Logical 
"1" 
Input Current 
VIN = 5.0V 
1 
,...A(max) 


IINeO} 
Logical 
"0" 
Input Current 
VIN = OV 
.-1' 
,...A(max) 


VOUT(1) 
Logical 
"1" 
Output Voltage 
Vcc = 4.75V: 


. 


lOUT = - 360 ,...A 
2.4 
V (min) 


lOUT = -10 
",A 
4.5 
V (min) 


VOUT(O) 
Logical 
"0" 
Output Voltage 
Vcc = 4.75V 
0.4 
V (max) 


lOUT = 1.6 mA 


lOUT 
TRI-STA TEll> Output Current 
VOUT = OV 
-3.0 
,...A(max) 


VOUT = 5V 
3.0 
",A (max) 


ISOURCE 
Output Source Current 
VOUT = OV 
-8.5 
mA(min) 


ISINK 
Output Sink Current 
VOUT = Vcc 
8.0 
mA(min) 


Icc 
Supply Current 
"CS = HIGH 


ADC08134, 
ADC08138 
3.0 
mA(max) 


ADC08131 
(Note 16) 
8.0 
mA(max) 


Electrical Characteristics 
(Continued) 
The following specifications apply for Vcc = + 5 VDCand fCLK= 1 MHz unless otherwise specified. Boldface limits apply for 
TA = TJ = TMINto TMAX;all other limits TA = TJ = 25'C. 


ADC08131, 
ADC08134 and 
ADC08138 with BIN, 
Units 
Symbol 
Parameter 
Conditions 
CIN,BIWMor 
(Limits) 
CIWM Suffixes 


Typical 
Limits 
(Note 8) 
(Note 9) 


REFERENCECHARACTERISTICS 


VREFOUT 
Output Voltage 
ADC08134, 
2.5 
2.5 ±1.5% 
ADC08138 
- 
±2"'" 
V 
ADC08131 
2.5 
2.5 ±1.5% 
±2% 


aVREF/aT 
Temperature Coefficient 
40 
-- 
ppm/'C 


aVREF/alL 
Load Regulation 
Sourcing 
(Note 17) 
(0';; IL';; +4mA) 
I 


ADC08134, 
0.003 
0.1 
ADC08138 
. 
Sourcing 
(0';; IL';; +2mA) 
ADC08131 
0.003 
0.1 
%/mA 


Sinking 
(max) 


(-1';; 
IL';; OmA) 
ADC08134, 
0.2 
0.5 
ADC08138 


Sinking 
(-1 
,;; IL ,;; 0 mAl 
ADC08131 
0.2 
0.5 


Line Regulation 
4.75V ,;; VCC,;; 5.25V 
0.5 
8 
mV 


(max) 


Isc 
Short Circuit Current 
VREF= OV 
ADC08134, 
8 
25 
mA 
ADC08138 
(max) 


VREF= OV 
ADC08131 
8 
25 


Tsu 
Start-Up Time 
VCc:OV - 
5V 
20 
CL = 100 ",F 
ms 


aVREFlat 
Long Term Stability 
200 
ppm/1 kHr 


• 


PI 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
8) 
(Note 
9) 
(limits) 


fClK 
Clock 
Frequency 


0 
10 
kHz 
(min) 


.. 
1 
MHz 
(max) 


Clock 
Duty 
Cycle 
40 
% (min) 


(Note 
14) 
60 
% (max) 


Tc 
Conversion 
Time 
(Not 
InclUding 
fClK 
= 1 MHz 
8 
1 /fClK 
(max) 


MUX 
Addressing 
Time) 
8 
/Ls (max) 


teA 
Acquisition 
Time 
% 
1/fclK(max) 


tSElECT 
ClK 
High 
while 
CS is High 
50 
ns 


tSET-UP 
CS Falling 
Edge 
or Data 
Input 
25 
ns(min) 
Valid 
to ClK 
Rising 
Edge 


tHOlD 
Data 
Input 
Valid 
after 
ClK 
20 
ns(min) 
Rising 
Edge 


tpd1' 
tpdO 
ClK 
Falling 
Edge 
to Output 
Cl = 100 
pF: 
r 


Data 
Valid 
(Note 
15) 
Data 
MSB 
First 
250 
ns(max) 


Data 
lSB 
First 
200 
ns 
(max) 


t1H, 
toH 
TRI-STATE 
Delay 
from 
Rising 
Edge 
Cl = 10 pF, 
Rl = 10 kO 
50 
ns 


of CS to Data 
Output 
and 
SARS 
Hi-Z 
(see 
TRI-STATE 
Test 
Circuits) 


Cl = 100 
pF, 
Rl = 2 kO 
180 
ns 
(max) 


CIN 
Capacitance 
of logic 
Inputs 
5 
pF 


COUT 
Capacitance 
of logic 
Outputs 
5 
pF 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating 
Ratings 
indH;ate 
conditions 
for which the device 
is functional. 
These ratings do not guarantee 
specific 
performance 
limits. For guaranteed 
specrtications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated 
under the listed test conditions. 


Note 3: All voltages 
are measured with respect to AGNO = DGND = 0 Voc, unless othelWise specified. 


Note 4: When the input voltage (V,N) at any pin exceeds the power supplies (V,N < (AGND or DGND) or V,N > AVec,) the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four 
pins. 


Note 5: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJMAX' (JJA and the ambient temperature, 
TA. The maximum 
allowable power dissipation at any temperature 
is Po = (TJMAX - 
TIJ/8JA or the number given in the Absolute 
Maximum Ratings, whichever is lower. For devices 


wijh suffixes BIN, CIN, BIJ, CIJ, BIWM, and CIWM TJMAX ~ 
12S·C. For devices with suffix CMJ, TJMAX ~ 
1S00C. The typical thermal resistances 
(8JAl of these 


parts when board mounted 
follow: ADC08131 
with BIN and CIN suffixes 1200C/W, 
ADC08134 
with BIN and CIN suffixes 9S·C/W, 
ADC08138 
with BIN and CIN 


suffixes 800C/W. 
ADC08134 
with BIWM and CIWM suffixes 140·C/W, 
ADC08138 
with BIWM and CIWM suffixes 91·C/W, 


Note 6: Human body model, 100 pF capacitor 
discharged 
through a 1.S kn resistor. 


Note 7: See AN450 
"Surlace 
Mounting 
Methods 
and Their Effect on Product Reliability" 
Or Linesr Data Book section 
"Surface 
Mount" 
for other methods 
of 
soldering surface mount devices. 


Note 8: Typicals are at TJ = 25 
DC and represent 
the most likely parametric 
norm. 


Note 9: Guaranteed 
to National's 
AOOL (Average Outgoing Quality Level). 


Note 10: Total unadjusted 
error includes zero, full-scale, 
linearity, and multiplexer 
error. Total unadjusted 
error with VREF = + SV only applies to the ADC08134 


and ADC08138. 
See Note 16. 


Note 
11: Cannot be tested for the ADC08131. 


Note 12: For VIN(-) 
2: VIN(+) the digital code will beססooססoo. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward-conduct 
for analog input voltages one diode drop below ground or one diode drop greater than Vec supply. During testing at low Vec levels (e.g., 4.SV), high level analog 
inputs (e.g., 5V) can cause an input diode to conduct, especially at elevated temperatures. 
This will cause errors for analog inputs near full-scale. The specification 
allows 50 mV forward bias of either diode; this means that as long as the analog VIN does not exceed the supply voltage by more than 50 mY, the output code will 
be correct. Exceeding this range on an unselected 
channel will corrupt the reading of a selected channel. Achievement 
of an absolute 0 Voc to 5 Voc input voltage 


range will therefore 
require a minimum supply voltage of 4.950 Voc over temperature 
variations, 
initial tolerance 
and loading. 


Note 13: Channel leakage current is measured after a single-ended 
channel is selected and the clock is turned off. For off channel leakage current the following 
two cases are considered: 
one, with the selected channel tied high (5 Voc) and the remaining seven off channels tied low (0 Voc), total current flow through the off 
channels is measured; two, with the selected channel tied low and the off channels tied high, total current flow through the off channels is again measured. The two 
cases considered 
for determining 
on channel leakage current are the same except total current flow through the selected channel 
is measured. 


Note 14: A 40% to 60% duty cycle range insures proper operation 
at all clock frequencies. 
In the case that an available clock has a duty cycle outside of these 


limits the minimum time the clock is high or low must be at least 450 ns. The maximum time the clock can be high or low is 100 ,..,s. 


Note 15: Since data, MSB first, is the output 01 the comparator 
used in the successive 
approximation 
loop, an additional 
delay is built in (see Block Diagram) to 
allow for comparator 
response time. 


Note 16: For the ADC08131 
VREFIN is internally tied to the on chip 2.5V band-gap reference output; therefore, 
the supply current is larger because it includes the 
reference 
current (700 ,...Atypical, 2 mA maximum). 


Note 17: Load regUlation test conditions 
and specifications 
for the ADC08131 
differ from those of the ADC08134 
and ADC08138 
because the ADC08131 
has the 
on-board 
reference 
as a permanent 
load. 


Analog 
Input 
Multiplexer 


Typical Converter Performance Characteristics 


Linearity Error vs 
Linearity Error vs 
Linearity Error vs 
Reference Voltage 
Temperature 
Clock Frequency 
o.lO -\ 


va; = 5 Voc 
0.50 
1.00 


I 
VREF = 2.5 
Voc 
fa.1( = ,MHz 
Vcc = 5 Voc 
I 


~ 


TA = 250C 
~ 
,". 
~ 
0.75 
125OC/ 
~ 
~ 
~ 
II 
"- 
Ii: 
e;Q25 
e; 
0.25 
•.... 
fS 0.50 
JI 
~ 
~ 
~ 
~ 
~ 
VREF = 2.SV 
~ 
\ 
/ 
-55OC 


'5 
'5 
feu: = t MHz 
~ 
0.25 


250C 


0.00 
0.00 
I I I 
0 
I 


0 
1 
2 
3 
• 
5 
-55-35-155 
25 45 65 as 105125 
0 
250 
500 
750 1000 1250 '500 1750 


REFER£NC[VOlTAGE(V) 
IT.PERATURE (OC) 
a.OCK fllEQUENCY(kHz) 


Power Supply Current vs 
Temperature (ADC08138, 
Output Current vs 
Power Supply Current 
ADC08134) 
Temperature 
vs Clock Frequency 
2.5 
35 
2.5 
Vcc = 5 Voc 


12.0 
30 
12.0 
TA= 250C 
I 
•••..r--, 
Vex = 5.25V 
1 
"- 


~~, 
(Voc = 5V) 
i 
"< 
I 
25 
- 
i3 
1.5 
~ 
i 
H-+-l 
i3 
1.5- 
~ 1.0 •••••• 
Va:. = 4.75V -r- 
i3 
20 
I 
I 
I 
I 
~ 
ll: 
I 


ll: 
1.0 


iil 
- 
15 
'souRCE (Voc = OV) 
iil 
~"""" 
..••..i"--.,c 
I I I I I 
i0.5 
feLK = 1 MHz 
~0.5 
cs = "," 


10 
~ 


I 
I 
I 
Vcc = SV 
ItTi 
0.0 
5 
0.0 


-55 -35 -15 
5 
25 
.s 
65 
85 ,os 125 
-55 -35 -15 
5 
25 
.s 
65 
85 105 125 
0 
250 
500 
750 '000 1250 1500 '750 


IT.PERATURE (OCr 
IT.PERATURE (OC) 
a.OCK FREQUEHCY(kHz) 


(NQIT 16) 


Note: For ADC08131 
add 'REF (Nole 16) 
TUH/IQ7'9-S 


Typical Reference Performance Characteristics 
Output Drift 
Line Regulation 
vs Temperature 
Load Regulation 
(3 Typical Parts) 
(3 Typical Parts) 
<5lI 
I 


5 
I 
M.O 
I 
• 
+3D 
I 
3 
10mV 
. 


+2.0 
SINKING , 
2 
~ f 
! +1.0 
! , 


1""'- 
•••• 
:0.: 
""- 
!:; 
Ii! 
0.0 
J 
0 
• - 
~ 
>-0.5 
-, 
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..• 
..• 
, 
1""'- 
•••••• 
-'.0 
-2 
-,.5 
SOOllClHG 
-3 
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2 
3 • 
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6 
7 
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25 
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125 


SOORClNG 
SllKIIG 
SUPPLYVOlTAGE 
JUNCT10NITWPERATURE 


OUTPUTctJRRDfr (mAl 
(NOIT 17) 
Available 
Output Current 
vs Supply Voltage 
20 


18 
, 


1 


16,.I 
, 
12 
J 
10 
B 
8I 
6 
• 
2 
./ 
, 


0 
2 
• 
6 
8 


SUPPLYVOLTAGE 


TLIH/1 
07'9-6 


'0\1 


50\1 


BIIID 
H'" 


00.00 
VDH ~~'H 


SARI OUTPUTS 
~ 
GOD 
------- 


=¥=-'- 
VCC--- 
90\1 


50% 


GNO 
H'% 


~ 


tOH 


ODAND 
Yet 
-- 


SARS OUTPUTS 
10% 
VOL 


TL/H/10749-9 


-To 
reset these 
devices, 
elK 
and ~ 
must be simultaneously 
high for a period of tsELECT or greater. 
Otherwise 
these 
devices 
are compatible 
with industry 
standards 
ADC0831/4/8. 


fII 


ADC08138 
Timing 
0 
2 
3 
• 
5 
7 
8 
10 
11 
12 
13 
1. 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2. 
25 
26 
CLOCK 
(CLK) 


CIlIP SELECT 
(CS) 


DATAIN 
(01) 


SAR STATUS 
(SARS) 
~ 
CD 


"" 
5[="0" 
DATAOUT (DO) 
-r 


SETO 
COHlROL 
LS8 
FIlST 
OUTPUT 
DO 


7 
5 
• 
3 
2 
0 
2 
3 
• 
5 
6 
7 
(t.lSB) 
(LSB) 
(t.lSB) 


TL/f 


-Make 
sure clock edge # 18 clocks in the LSB before ~ 
is taken low 


II 


(+) 


(-)~ 


v 
~ 
To Int.mal 
CC 
ClrcuRry 


Input ESOProtection 
ClrcuRry 
f- 


CC 


Chann.1 
To 


Inputs. 
Int.mal 
Pin 1-8 
Circuits 


Protection 
+cc 
On All other 
To 


Pins 
Int.mal 


ClrcuRs 


'Some of these functions/pins 
are not available with other options. 
Notel: For the AOC08134, 
the "SEL 
1" Flip-Flop is bypassed. For the AOC08131, 
VAEFOUT and VAEFIN are internally tied together. 


Functional Description 


1.0 MULTIPLEXER 
ADDRESSING 


The design 
of these 
converters 
utilizes 
a comparator 
struc- 
differentially 
with any other 
channel. 
In addition 
to selecting 


ture with 
built-in 
sample-and-hold 
which 
provides 
for a dif- 
differential 
mode the polarity 
may also be selected. 
Channel 


ferential 
analog 
input 
to 
be 
converted 
by a successive- 
o may be selected 
as the positive 
input and channel 
1 as 


approximation 
routine. 
the 
negative 
input 
or vice 
versa. 
This 
programmability 
is 


The 
actual 
voltage 
converted 
is always 
the 
difference 
be- 
best illustrated 
by the MUX addressing 
codes 
shown 
in the 


tween 
an assigned" 
+" input terminal 
and a "-" 
input ter- 
following 
tables 
for the various 
product 
options. 


minal. 
The 
polarity 
of each 
input 
terminal 
oHhe 
pair indi- 
The 
MUX 
address 
is shifted 
into the 
converter 
via the 
01 


cates which 
line the converter 
expects 
to be the most posi- 
line. Because 
the ADC08131 
contains 
only one differential 
tive. If the assigned" 
+" input voltage 
is less than the" 
- •• 
input channel 
with 
a fixed 
polarity 
assignment, 
it does 
not 
input voltage 
the converter 
responds 
with an all zeros 
out- 
require 
addressing. 


put code. 
The 
common 
input 
line 
(COM) 
on the 
ADC08138 
can 
be 
A unique input multiplexing 
scheme 
has beer) utilized to pro- 
used as a pseudo-differential 
input. In this mode the voltage 


vide 
multiple 
analog 
channels' 
with 
software-configurable 
on this pin is treated 
as the "-" 
input for any of the other 
single-ended, 
differential, 
or pseudo-differential 
(which 
will 
input 
channels. 
This 
voltage 
does 
not 
have 
to be analog 
convert 
the difference 
between 
the voltage 
at any analog 
ground; 
it can be any reference 
potential 
which 
is common 
input and a common 
terminal) 
operation. 
The analog 
signal 
to all of the inputs. This feature 
is most useful 
in single-sup- 


conditioning 
required 
in transducer-based 
data 
acquisition 
ply applications 
where the analog 
circuity 
may be biased 
up 
systems 
is significantly 
simplified 
with this type of input f1exi- 
to a potential 
other 
than ground 
and the output 
signals 
are 
bility. One converter 
package 
can now handle 
ground 
refer- 
all referred 
to this potential. 


enced 
inputs 
and true differential 
inputs 
as well as signals 
TABLE 
I. Multiplexer/Package 
Options 
with some arbitrary 
reference 
voltage. 


A particular 
input configuration 
is assigned 
during 
the MUX 
Part 
Number 
of Analog 
Channels 
Number 
of 
addressing 
sequence, 
prior to the start of a conversion. 
The 
Number 
Single-Ended 
Differential 
Package 
Pins 
MUX address 
selects 
which 
of the analog 
inputs 
are to be 
enabled 
and whether 
this input is single-ended 
or differen- 
ADC08131 
1 
1 
8 


tial. 
Differential 
inputs 
are 
restricted 
to 
adjacent 
channel 
ADC08134 
4 
2 
14 
pairs. For example, 
channel 
0 and channel 
1 may be select- 
ed 
as 
a differential 
pair 
but 
channel 
0 or 
1 cannot 
act 
ADC08138 
8 
4 
20 
- 


TABLE 
II. MUX Addressing: 
ADC08138 


Single-Ended 
MUX Mode 


MUXAddress 
Analog 
Single-Ended 
Channel 
II 


START 
SGL/ 
ODD/ 
SELECT 
0 
1 
2 
3 
4 
5 
6 
7 
COM 


DIF 
SIGN 
1 
0 


1 
1 
0 
0 
0 
+ 
- 


1 
1 
0 
0 
1 
+ 
I 
- 


1 
1 
0 
1 
0 
+ 
- 


1 
1 
0 
1 
1 
+ 
- 


1 
1 
1 
0 
0 
+ 
- 


1 
1 
1 
0 
1 
+ 
- 


1 
1 
1 
1 
0 
+ 
- 


1 
1 
1 
1 
1 
+ 
- • 


Functional Description 
(Continued) 


TABLE 
II. MUX Addressing: 
ADC08138 
(Continued) 


Differential 
MUX Mode 


MUXAddress 
Analog 
Differential 
Channel-Pair 
1/ 


START 
SGLI 
0001 
SELECT 
0 
1 
2 
3 


DIF 
SIGN 
1 
0 
0 
1 
2 
3 
4 
5 
6 
7 


1 
0 
0 
0 
0 
+ 
- 


1 
0 
0 
0 
1 
+ 
- 


1 
0 
0 
1 
0 
+ 
- 


1 
0 
0 
1 
1 
+ 
- 


1 
0 
1 
0 
0 
- 
+ 


1 
0 
1 
0 
1 
- 
+ 


1 
0 
1 
1 
0 
- 
+ 


1 
0 
1 
1 
1 
- 
+ 


TABLE 
III. MUX Addressing: 
ADC08134 


Single-Ended 
MUX Mode 


MUXAddress 
Channel 
1/ 


START 
SGLI 
0001 
SELECT 
0 
1 
2 
3 
DIF 
SIGN 
1 


1 
1 
0 
0 
+ 


1 
1 
0 
1 
+ 


1 
1 
1 
0 
+ 


1 
1 
1 
1 
+ 


COM is internally tied to AGND 


Differential 
MUX Mode 


MUXAddress 
Channell/ 


START 
SGLI 
0001 
SELECT 
0 
1 
2 
3 
DIF 
SIGN 
1 


1 
0 
0 
0 
+ 
- 


1 
0 
0 
1 
+ 
- 


1 
0 
1 
0 
- 
+ 


1 
0 
1 
1 
- 
+ 


enced 
input for one conversion; 
men It can oe recontlgurea 


as part of a differential 
channel 
for another 
conversion. 
Fig- 


ure 1 illustrates 
the input flexibility 
which 
can be achieved. 


The analog 
input voltages 
for each channel 
can range from 


50mV below 
ground 
to 50mV above Vcc 
(typically 
5V) with- 
out degrading 
conversion 
accuracy. 


2.0 THE DIGITAL 
INTERFACE 


A most important 
characteristic 
of these 
converters 
is their 


serial data link with the controlling 
processor. 
Using a serial 


communication 
format 
offers two very significant 
system 
im- 


provements; 
it allows 
many 
functions 
to 
be included 
in a 


small 
package 
and it can eliminate 
the transmission 
of low 


level 
analog 
signals 
by locating 
the 
converter 
right 
at the 


analog 
sensor; 
transmitting 
highly noise immune 
digital data 


back to the host processor. 


4 Differential 


+(-) 


0.1 
-(+) 
+(-) 


2,3 
-(+) 
+(-) 
4,5 


-1+) 
+(-) 


6,7 
-1+) 


separate 
timing 
OIagram IS snown 
TOreacn oevlce. 


1. A conversion 
is initiated 
by pulling 
the "CS (chip 
select) 


line low. This line must be held low for the entire 
conver- 


sion. The converter 
is now waiting 
for a start 
bit and its 


MUX assignment 
word. 


2. On each rising edge of the clock 
the status 
of the data in 


(01) line is clocked 
into the 
MUX 
address 
shift 
register. 


The start bit is the first logic "1" 
that appears 
on this line 


(all leading 
zeros are ignored). 
Following 
the start bit the 


converter 
expects 
the 
next 
2 to 4 bits 
to be the 
MUX 


assignment 
word. 


O'll 
2,3 


+ 


V'IAS-=- 
* 


Functional Description 
(Continued) 


3. When 
the start bit has been shifted 
into the start location 


of the MUX register, 
the input channel 
has been assigned 


and a conversion 
is about to begin. An interval 
of % clock 


period 
is automatically 
inserted 
to allow for sampling 
the 


analog 
inpuLThe 
SARS 
line goes high at the end of this 


time 
to signal 
that 
a conversion 
is now in progress 
and 


the 01 line is disabled 
(it no longer 
accepts 
data). 


4. The data out (DO) line now comes 
out of TRI-STATE 
and 


provides 
a leading 
zero. 


5. During the conversion 
the output 
of the SAR comparator 


indicates 
whether 
the analog 
input is greater 
than 
(high) 
or less than 
(low) a series 
of successive 
voltages 
gener- 
ated internally 
from a ratioed 
capacitor 
array (first 5 bits) 


and a resistor 
ladder 
(last 3 bits). After 
each comparison 


the comparator's 
output 
is shipped 
to the DO line on the 
falling 
edge of CLK. This data is the result of the conver- 
sion 
being 
shifted 
out 
(with 
the 
MSB 
first) 
and 
can 
be 


read by the processor 
immediately. 


6. After 
8 clock 
periods 
the conversion 
is completed. 
The 
SARS line returns 
low to indicate 
this '12 clock 
cycle later. 


7. The stored 
data in the successive 
approximation 
register 


is loaded 
into an internal 
shift register. 
If the programmer 


prefers 
the data 
can be provided 
in an LSB first format 


[this makes 
use of the shift enable 
(~) 
control 
line]. On 


the AOC08138 
the 'SE line is brought 
out and if held high 
the value of the LSB remains 
valid on the DO line. When 


'SE is forced 
low the 
data 
is clocked 
out 
LSB first. 
On 


devices 
which 
do 
not 
include 
the SE control 
line, 
the 
data, 
LSB first, 
is automatically 
shifted 
out the 
DO line 


after 
the MSB first data 
stream. 
The DO line then 
goes 
low 
and 
stays 
low 
until cg 
is 
returned 
high. 
The 


AOC08131 
is an exception 
in that its data is only output 
in 


MSB first format. 


8. All internal 
registers 
are cleared 
when the cg line is high 


and the tSELECT requirement 
is met. See Data Input Tim- 
ing under 
Timing 
Diagrams. 
If another 
conversion 
is de- 
sired cg must make a high to low transition 
followed 
by 


address 
information. 


+ 
ADC08134 
VREFIN 


VREfOUT 


The 01 and DO lines can be tied together 
and controlled 


through 
a 'bidirectional 
processor 
I/O 
bit with 
one 
wire. 


This is possible 
because 
the 01 input is only "looked-at" 


during 
the MUX addressing 
interval 
while 
the 
DO line is 


still in a high impedance 
state. 


3.0 REFERENCE 
CONSIDERATIONS 


The VREFIN pin on these 
converters 
is the top of a resistor 


divider 
string 
and 
capacitor 
array 
used 
for the 
successive 


approximation 
conversion. 
The voltage 
applied 
to this refer- 


ence input defines 
the voltage 
span of the analog 
input (the 


difference 
between 
VIN(MAX) and 
VIN(MIN) over 
which 
the 


256 
possible 
output 
codes 
apply). 
The 
reference 
source 


must 
be capable 
of driving 
the 
reference 
input 
resistance, 


which 
can be as low as 1.3 kn. 


For absolute 
accuracy, 
where 
the 
analog 
input 
varies 
be- 
tween 
specific 
voltage 
limits, 
the 
reference 
input 
must 
be 


biased with a stable voltage 
source. 
The ADC08134 
and the 


AOC08138 
provide 
the output 
of a 2.5V band-gap 
reference 


at VREFOUT. 
This voltage 
does 
not vary appreciably 
with 
temperature, 
supply voltage, 
or load current 
(see Reference 


Characteristics 
in the 
Electrical 
Characteristics 
tables) 
and 


can be tied directly 
to VREFIN for an analog 
input span of OV 


to 2.5V. This output 
can also be used to bias external 
cir- 


cuits 
and can therefore 
be used as the reference 
in ratio- 


metric applications. 
Bypassing 
VREFOUT with a 100 /LF ca- 


pacitor 
is recommended. 


For the AOC08131, 
the output 
of the on-board 
reference 
is 
internally 
tied to the reference 
input. Consequently, 
the ana- 


log input span for this device 
is set at OV to 2.5V. The pin 


VREFC is provided 
for bypassing 
purposes 
and biasing 
ex- 
ternal 
circuits 
as suggested 
above. 


The maximum 
value 
of the reference 
is limited 
to the VCC 


supply 
voltage. 
The minimum 
value, 
however, 
can be quite 


small (see Typical 
Performance 
Characteristics) 
to allow di- 


rect conversions 
of transducer 
outputs 
providing 
less than a 


5V output 
span. Particular 
care must be taken with regard to 


noise 
pickup, 
circuit 
layout 
and system 
error voltage 
sourc- 


es 
when 
operating 
with 
a 
reduced 
span 
due 
to 
the 
in- 


creased 
sensitivity 
of the 
converter 
(1 LSB equals 
VREFI 


256). 


+ 
ADC08138 
VREFIN 


VREfOUT 


Functional Description 
(Continued) 


4.0 THE ANALOG 
INPUTS 


The most important 
feature 
of these 
converters 
is that they 
can be located 
right at the analog 
signal source and through 
just a few wires can communicate 
with a controlling 
proces- 
sor with a highly noise immune 
serial bit stream. This in itself 
greatly 
minimizes 
circuitry 
to maintain 
analog 
signal accura- 
cy which 
otherwise 
is most 
susceptible 
to 
noise 
pickup. 
However, 
a few words 
are in order with regard to the analog 
inputs 
should 
the 
input 
be noisy 
to begin 
with 
or possibly 
riding on a large common-mode 
voltage .. 


The 
differential 
input 
of these 
converters 
actually 
reduces 
the effects 
of common-mode 
input noise, 
a signal 
common 
to 
both 
selected 
••+" 
and 
••-" 
inputs 
for 
a conversion 
(60 Hz is most typical). 
The time interval 
between 
sampling 
the" 
+" 
input and then the" 
-" 
input is V. of a clock 
peri- 
od. The 
change 
in the 
common-mode 
voltage 
during 
this 
short time interval 
can cause conversion 
errors. For a sinus- 
oidal common-mode 
signal this error is: 


(0.5 
) 
Verror(max) = VPEAK(21rfCM) 
-- 
fCLK 


where 
fCM is the frequency 
of the common-mode 
signal, 


VPEAK is its peak voltage 
value 


and fCLK is the AID 
clock 
frequency. 


For a 60Hz common-mode 
signal to generate 
a Y4 LSB er- 
ror (:::; 5mV) with the converter 
running 
at 250kHz, 
its peak 
value 
would 
have to be 6.63V 
which 
would 
be larger 
than 
allowed 
as it exceeds 
the maximum 
analog 
input limits. 


Source 
resistance 
limitation 
is important 
with regard 
to the 
DC leakage 
currents 
of the input multiplexer. 
While 
operat- 


ing near or at maximum 
speed bypass capacitors 
should 
not 
be used 
if the source 
resistance 
is greater 
than 
1kO. The 
worst-case 
leakage 
current 
of ± 1p.A over temperature 
will 
create 
a 1mV input error with a 1kO source 
resistance. 
An 
op amp 
RC active 
low pass filter 
can provide 
both 
imped- 
ance 
buffering 
and noise filtering 
should 
a high impedance 
signal source 
be required. 


5.0 OPTIONAL 
ADJUSTMENTS 


5.1 Zero 
Error 


The 
zero 
of the 
AID 
does 
not 
require 
adjustment. 
If the 
minimum 
analog 
input voltage 
value, VIN(MIN), is not ground 
a zero offset 
can be done. 
The converter 
can be made 
to 
output 
0000 0000 digital code for this minimum 
input voltage 
by biasing 
any 
VIN (-) 
input 
at this 
VIN(MIN) value. 
This 
utilizes 
the differential 
mode 
operation 
of the AID. 


The zero error of the AID 
converter 
relates 
to the location 
of the first 
riser of the transfer 
function 
and 
can be mea- 
sured 
by grounding 
the VIN (-) 
input and applying 
a small 
magnitude 
positive 
voltage 
to the VIN (+) 
input. Zero error 
is the difference 
between 
the actual 
DC input voltage 
which 
is necessary 
to just cause 
an output 
digital 
code 
transition 
from 
0000 
0000 
to 0000 
0001 
and the ideal V. LSB value 
(V. LSB = 9.8mV for VREF = 5.000VDcl. 


5.2 Full Scale 


A full-scale 
adjustment 
can be made by applying 
a differen- 
tial input voltage 
which 
is 1V. LSB down 
from 
the desired 
analog 
full-scale 
voltage 
range and then adjusting 
the mag- 
nitude of the VREFIN input for a digital output 
code which 
is 
just changing 
from 1111 1110 to 1111 1111 (See figure enti- 
tled 
"Span 
Adjust; 
OV " 
VIN " 
3V"). 
This is possible 
only 
with the ADC08134 
and ADC08138. 
(The reference 
is inter- 
nally connected 
to VREFIN of the ADC08131). 


5.3 Adjusting 
for an Arbitrary 
Analog 
Input 
Voltage 
Range 


If the analog 
zero voltage 
of the AID 
is shifted 
away from 
ground 
(for example, 
to accommodate 
an analog 
input sig- 
nal which 
does 
not go to ground), 
this new zero 
reference 
should 
be properly 
adjusted 
first. A VIN (+) 
voltage 
which 
equals 
this desired 
zero reference 
plus V. LSB (where 
the 
LSB is calculated 
for the desired 
analog 
span, 
using 
1 LSB 
= analog 
span/256) 
is applied 
to selected" 
+ •• input and 
the zero reference 
voltage 
at the corresponding 
"-" 
input 
should 
then 
be adjusted 
to just obtain 
the OOHEXto 01 HEX 
code transition. 


The full-scale 
adjustment 
should 
be made 
[with the proper 
VIN (-) 
voltage 
applied] 
by forcing 
a voltage 
to the VIN (+) 
input which 
is given by: 


VIN(+)fsadJ' 
= V 
- 
1.5 [(VMAX 
- 
VMIN)] 
MAX 
256 


where: 


VMAX = the high end of the analog 
input range 


and 


VMIN = the low end (the offset zero) of the analog 
range. 


(Both are ground 
referenced.) 


The VREFIN (or Vccl 
voltage 
is then 
adjusted 
to provide 
a 
code change 
from FEHEX to FFHEX. This completes 
the ad- 
justment 
procedure. 


• Pinouts shown for ADC08138. 


For all other products tie to pin functions as shown. 
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ADC08231/ ADC08234/ ADC08238 8-Bit 2 J.LsSerial I/O 
A/D Converters with MUX, Reference, and Track/Hold 


General Description 


The 
ADC08231 
/ ADC08234/ 
ADC08238 
are 
8-bit 
succes- 


sive approximation 
AID 
converters 
with serial I/O and con- 


figurable 
input multiplexers 
with up to 8 channels. 
The serial 
I/O 
is configured 
to comply 
with the 
NSC 
MICROWIRETM 


serial 
data 
exchange 
standard 
for 
easy 
interface 
to 
the 
COPSTM family 
of controllers, 
and can easily 
interface 
with 
standard 
shift registers 
or microprocessors. 


Designed 
for high-speed/low-power 
applications, 
the devic- 


es are capable 
of a fast 2 IJosconversion 
when 
used with a 


4 MHz ciock. 


All three devices 
provide 
a 2.5V band-gap 
derived 
reference 


with guaranteed 
performance 
over temperature. 


A track/hold 
function 
allows 
the analog 
voltage 
at the posi- 
tive input to vary during 
the actual 
AID 
conversion. 


The analog 
inputs 
can be configured 
to operate 
in various 


combinations 
of single-ended, 
differential, 
or pseudo-differ- 
ential modes. 
In addition, 
input voltage 
spans as small as 1V 
can be accommodated. 


Applications 


• 
High-speed 
data acquisition 


• 
Digitizing 
automotive 
sensors 


• 
Process 
control/ 
monitoring 


• 
Remote 
sensing 
in noisy environments 


• 
Disk drives 
• 
Portable 
instrumentation 


• 
Test 
systems 


Features 


• 
Serial 
digital 
data link requires 
few I/O 
pins 


• 
Analog 
input track/hold 
function 


• 
4- or 8-channel 
input 
multiplexer 
options 
with 
address 
logic 


• 
On-chip 
2.5V 
band-gap 
reference 
(±2% 
over 
tempera- 
ture guaranteed) 


• 
No zero or full scale 
adjustment 
required 


• 
TIL/CMOS 
input/output 
compatible 


• 
OV to 5V analog 
input range 
with single 
5V power 
supply 


• 
Pin compatible 
with Industry-Standards 
ADC0831/4/8 


Key Specifications 


• 
Resolution 
• 
Conversion 
time (fe = 4 MHz) 


• 
Power 
dissipation 


• 
Single 
supply 


• 
Total 
unadjusted 
error 


• 
Linearity 
Error (VREF = 2.5V) 


• 
No missing 
codes 
(over temperature) 


• 
On-board 
Reference 
+2.5V 
± 1.5% 
(Max) 


8 Bits 


2 IJos(Max) 


20 mW (Max) 


5 Voe 
(±5%) 
±% LSB and 
± 1 LSB 
±% LSB 
• 


..._-_ ...._. 
Package 
(-40'C ,,;TA"; +8S'C) 


ADC08231 
BIN, ADC08231CIN 
N08E, DIP 


ADC08234BIN, 
ADC08234CIN 
N14A, DIP 


ADC08234CIMF 
MTB24, TSSOP 


ADC08238BIN, 
ADC08238CIN 
N20A, DIP 


ADC08231 
BIWM, ADC08231 
CIWM 
M14B, SO 


ADC08234BIWM, 
ADC08234CIWM 
M14B,SO 


ADC08238BIWM, 
ADC08238CIWM 
M20B,SO 


Connection 
Diagrams 


ADC08238 
ADC08234 


SO and DIP 
SO and DIP 


CHO 
20 
Vcc 


VREr 
OUT 
1 
14 
VCC 


CHI 
19 
VREr OUT 
cs 
2 
13 
01 


CH2 
18 
cs 
CHO 
3 
12 
CLK 


CH3 
17 
01 
CHI 
4 
11 
SARS 


CH4 
16 
CLK 
CH2 
5 
10 
DO 


CH5 
15 
SARS 
CH3 
6 
9 
VREr 
IN 


CH6 
14 
DO 
DGNO 
7 
8 
AGNO 


CH7 
13 
Sf 


CON 
12 
VREr IN 
Tl/H/l1015-2 


DGND 
11 
AGND 


TUH/n015-1 
ADC08234 
TSSOP 
ADC08231 
DIP 
N/c 
24 
N/C 


N/C 
23 
N/c 
~o'" 


ClK 
22 
SARS 


V1N+ 
2 
7 
ClK 
01 
21 
DO 


V1N- 
3 
6 
DO 
Vee 
20 
VREr 
IN 


GNO 
4 
5 
VREF C 
VREr 
OUT 
19 
AGND 


Tl/H/ll015-3 
cs 
18 
OGND 


ADC08231 
CHO 
17 
CH3 


SO 
CH1 
16 
CH2 


N/c 
15 
N/C 


Cs 
14 
Vee 
N/c 
14 
N/c 


NC 
13 
NC 
N/c 
13 
N/C 


V1N+ 
3 
12 
CLK 


NC 
4 
11 
NC 
TLIH/11015-27 


V1N- 
5 
10 
DO 


NC 
6 
9 
NC 


GND 
7 
8 
VREr C 


Tl/H/11015-26 


AUvUll~"4l:lIN, 
AUljUIl234c.;IN, 
Supply Voltage 
(Vccl 
6.5V 
ADCOB23BBIN, 
ADCOB23BCIN, 
Voltage 
at Inputs and Outputs 
-0.3V 
to VCC + 0.3V 
ADCOB231BIWM, 
ADCOB231CIWM, 


Input Current 
at Any Pin (Note 4) 
±5mA 
ADCOB234BIWM, 
ADCOB23BBIWM, 
Package 
Input Current 
(Note 4) 
±20mA 
ADCOB234CIWM, 
ADCOB23BCIWM, 
Power Dissipation 
at TA = 25'C 
(Note 5) 
800mW 
ADCOB234CIMF 


ESD Susceptibility 
(Note 6) 
1500V 
Supply Voltage 
(Vccl 
4.5 Voc to 6.3 Voc 
Soldering 
Information 


N Package 
(10 sec.) 
260'C 


TSSOP 
and SO Package 
(Note 7): 
Vapor Phase (60 sec.) 
215'C 


Infrared 
(1 5 sec.) 
220'C 


Storage 
Temperature 
- 65'C to + 150'C 


Electrical Characteristics 
The following 
specifications 
apply for Vcc = + 5 VDC, VREF = + 2.5 Voc and fCLK = 4 MHz, RSource = 500 
unless otherwise 
specified. 
Boldface 
limits apply 
for TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25'C. 


ADC08231, 


ADC08234 
and 


ADC08238 
with BIN, 
Units 


Symbol 
Parameter 
Conditions 
CIN,BIWM, 
(Limits) 
CIWM, 
or CIMF Suffixes 


Typical 
LImits 


(Note 
8) 
(Note 
9) 


CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 


, 


Linearity 
Error 
VREF = + 2.5 VDC 
BIN,BIWM 
±% 
LSB (max) 


CIN, CIMF, CIWM 
±1 
LSB (max) 


Gain Error 
VREF = + 2.5 VDC 
BIN,BIWM 
±1 
LSB (max) 


CIN, CIMF, CIWM 
±1 
LSB (max) 


Zero Error 
VREF = + 2.5 VDC 
BIN,BIWM 
±1 
LSB (max) 


CIN, CIMF, CIWM 
±1 
LSB (max) 


Total Unadjusted 
Error 
VREF = +5 
VDC 
BIN,BIWM 
(Note 10) 
±1 
LSB (max) 


CIN, CIMF, CIWM 
±1 
LSB (max) 


Differential 
Linearity 
VREF = + 2.5 VDC 
8 
Bits (min) 


RREF 
Reference 
Input Resistance 
(Note 11) 
3.5 
kO 


1.3 
kO(min) 


&.0 
kO (max) 


VIN 
Analog 
Input Voltage 
(Note 12) 
(Vcc + 0.05) 
V (max) 


(GND - 0.05) 
V (min) 


• 


Electrical Characteristics 
(Continued) 
The following 
specifications 
apply for VCC = + S VOC, VREF = + 2.S Voc and fClK = 4 MHz, Rsource = son unless otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 2SoC. 


ADC08231, 


.. 


ADC08234 
and 
, 
ADC08238 
with 
BIN, 
Units 
Symbol 
Parameter 
Conditions 
CIN,BIWM, 
(Limits) 


\' 
CIWM, 
or CIMF Suffixes 


Typical 
Limits 


, 
(Note 
8) 
(Note 
9) 


CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 
(Continued) 


DC Common-Mode 
Error 
VREF = + 2.5 VOC 
±y. 
LSB (max) 


Power Supply Sensitivity 
Vcc = +SV 
±S%, 
±y. 
LSB (max) 
VREF = + 2.S VOC 


On Channel 
Leakage 
On Channel 
= SV, 
0.2 
pA(max) 
Current 
(Note 13) 
Off Channel 
= OV 
( 
• 
1 


On Channel 
= OV, 


0 


-0.2 


Off Channel = SV 
-1 
p.A(max) 


Off Channel 
Leakage 
On Channel 
= SV, 
-0.2 
p.A(max) 
Current 
(Note 13) 
Off Channel = OV 
-1 


On Channel 
= OV, 
0.2 
p.A(max) 
Off Channel = SV 
1 


DYNAMIC 
CHARACTERISTICS 
(see Typical 
Converter 
Performance 
Characteristics) 


S 
Signal-to- 
VREF = +SV 
N+D 
(Noise 
+ 
Distortion) 
Sample 
Rate = 286 kHz 


Ratio 
VIN = +SVp_p 


fiN = 10 kHz 
48.3S 
dB 


fiN = SO kHz 
48.00 
dB 


fiN = 100 kHz 
47.40 
dB 


DIGITAL 
AND DC CHARACTERISTICS 


VIN(l} 
Logical 
"1" 
Input Voltage 
Vcc = 5.25V 
2.0 
V (min) 


VIN(O} 
Logical 
"0" 
Input Voltage 
Vcc = 4.7SV 
0.8 
V (max) 


IIN(l} 
Logical 
"1" 
Input Current 
VIN = S.OV 
1 
p.A(max) 


IIN(O) 
Logical 
"0" 
Input Current 
VIN = OV 
-1 
p.A(max) 
, 


VOUT(l) 
Logical 
"1" 
Output Voltage 
VCC = 4.7SV: 


lOUT = -360 
p.A 
2.4 
V (min) 


lOUT = -10 
p.A 
4.5 
V (min) 


VOUT(O) 
Logical 
"0" 
Output Voltage 
Vcc = 4.7SV 
0.4 
V (max) 


lOUT = 1.6mA 


lOUT 
TRI-STATE<Il> C Jtput Current 
VOUT = OV 
-3.0 
p.A(max) 


VOUT = SV 
3.0 
p.A(max) 


ISOURCE 
Output Source 
Current 
VOUT = OV 
-8.5 
mA(min) 


ISINK 
Output Sink Current 
VOUT = Vcc 
8.0 
mA(min) 


Icc 
Supply Current 
CS = HIGH 


ADC08234, 
ADC08238 
3.0 
mA(max) 


ADC08231 
(Note 16) 
8.0 
mA(max) 


Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for Vcc 
= + S Voc and fCLK = 4 MHz unless otherwise 
specified. 
Boldface 
limits 
apply 
for 


TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 2SoC. 


ADC08231, 


ADC08234 
and 


ADC08238 
with 
BIN, 


CIN,BIWM. 


CIWM. 
or CIMF Suffixes 


Typical 
Limits 


(Note 
8) 
(Note 
9) 


Units 


(Limits) 


VREFOUT 
Output Voltage 
BIN, BIJ, 
2.5 
2.S ±1.S% 
BIWM 
±2% 
V 
CIN,CIJ, 
2.5 
2.S ±3.0% 
CIWM,CMJ 
± 3.5°,4 


boVREFIboT 
Temperature 
Coefficient 
40 
ppm/"C 


boVREFI boiL 
Load Regulation 
Sourcing 


(Note 17) 
(0 s: IL s: +4 
mAl 


ADC08234, 
0.003 
0.1 
ADC08238 


Sourcing 


(0 s: IL s: +2 
mAl 


ADC08231 
0.003 
0.1 
%/mA 


Sinking 
(max) 


(-1 
s: IL s: 0 mAl 


ADC08234, 
0.2 
0.5 
ADC08238 


Sinking 


(-1 
s: IL s: 0 mAl 


ADC08231 
0.2 
0.5 


Line Regulation 
4.7SV s: Vcc 
s: S.2SV 
O.S 
e 
mV 


(max) 


ISC 
Short Circuit Current 
VREF = OV 
ADC08234, 
8 
25 
ADC08238 
mA 


(max) 


VREF = OV 
ADC08231 
8 
25 


Tsu 
Start-Up 
Time 
Vcc:OV 
-+ SV 
20 
CL = 100 /LF 
ms 


boVREFIbot 
Long Term Stability 
200 
ppm/1 
kHr • 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 
(Note 8) 
(Note 
9) 
(Limits) 


fCLK 
Clock Frequency 
". 
10 
kHz (min) 


_. 
( 
__ 
.I 
4 
MHz (max) 


Clock Duty Cycle 
1"= 
40 
% (min) 
(Note 14) 
60 
% (max) 


Tc 
Conversion 
Time (Not Including 
fCLK = 4 MHz 
8 
1/fCLK (max) 
MUX Addressing 
Time) 
2 
!-,s(max) 


tCA 
Acquisition 
Time 
" , 
1% 
l/fCLK(max) 


tSELECT 
ClK 
High while CS is High 
..., 
50 
ns 


tSET-UP 
CS Falling Edge or Data Input 
25 
ns(min) 
Valid to ClK 
Rising Edge 


tHOLD 
Data Input Valid after ClK 
20 
ns(min) 
Rising Edge 


tpd1, tpdO 
ClK 
Falling Edge to Output 
CL = 
100 pF: 
- 


Data Valid (Note 15) 
Data MSB First 
250 
ns(max) 
Data lSB 
First 
200 
ns(max) 


t1H, toH 
TRI-STATE 
Delay from Rising Edge 
CL= 
10pF,RL= 
10kO 
50 
ns 
of CS to Data Output and SARS Hi-Z 
(see TRI-STATE 
Test Circuits) 


CL = 
100 pF, RL = 2 kO 
180 
ns(max) 


CIN 
Capacitance 
of logic 
Inputs 
5 
pF 


COUT 
Capacitance 
of logic 
Outputs 
5 
pF 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 
2: Operating 
Ratings indicate 
conditions 
for which the device is functional. 
These ratings do not guarantee 
specific 
performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated 
under the listed test conditions. 


Note 3: All voltages 
are measured with respect to AGND 
= DGND = a voc, 
unless otherwise 
specified. 


Note 4: When the input voltage (VIN) at any pin exceeds the power supplies (VIN < (AGND or DGND) or VIN > AVec,) the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four 
pins. 


Note 5: The maximum power dissipation must be derated at elevated temperatures 
and is dictated by TJMAX' 9JA and the ambient temperature, 
TA. The maximum 
allowable power dissipation at any temperature 
is Po = (TJMAX - 
TAl/8JA or the number given in the Absolute Maximum Ratings, whichever is lower. For devices 
with suffixes BIN, CIN, BIJ. CIJ, BIWM, ancLCIWM TJMAX = 125°C. For devices with suffix CMJ, TJMAX = 150"C. The typical thermal resistances 
(8JAl of these 
parts when board mountedfollow: ADC08231with BIN and CIN suffixes12rrC/W, 
ADC08234with BIN and CIN suffixes9S·C/W, 
ADC08234with CIMF suffix 
167"C/W, ADC08238withBINandCINsuffixes8rrC/W, ADC08231withBIWMandCIWMsuffixes140·C/W, 
ADC08234withBIWMandCIWMsuffixes14rrC/W, 


ADC08238with BIWMand CIWMsuffixes91·C/W, 


Note 6: Human body model, 100 pF capacitor 
discharged 
through a 1.5 kfi 
resistor. 


Note 
7: See AN450 
"Surface 
Mounting 
Methods 
and Their Effect on Product Reliability" 
or Linear Data Book section 
"Surface 
Mount" 
for other methods 
of 
soldering 
surface mount devices. 


Note 8: Typicals are at TJ = 25°C and represent 
the most likely parametric 
norm. 


Note 9: Guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 
10: Total unadjusted 
error includes zero, fuU·scale, linearity, and multiplexer 
error. Total unadjusted 
error with VREF = + SV only appliesto the ADC08234 
and ADC08238,See Note 16, 
Note 11:Cannotbe testedfor the ADC08231, 


Note 12: For VIN(-) 
~ VIN(+) the digital code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward-conduct 
for analog input voltages one diode drop below ground or one diode drop greater than Vcc supply. During testing at low Vec levels (e.g., 4.5V), high level analog 
inputs (e.g., 5V) can cause an input diode to conduct. especially at elevated temperatures. 
This will cause errors for analog inputs near full-scale. The specification 
allows 50 mV forward bias of either diode; this means that as long as the analog VIN does r..,t exceed the supply voltage by more than 50 mV, the output code will 
be correct. Exceeding this range on ar, unselected 
channel will corrupt the reading of a selected channel. Achievement 
of an absolute 0 Voc to 5 Voc input voltage 
range will therefore 
require a minimum supply voltage of 4.950 Voc over temperature 
variations, 
initial tolerance 
and loading. 


Note 
13: Channel leakage current is measured after a single·ended 
channel is selected and the clock is turned off. For off channel leakage current the following 
two cases are considered: 
one, with the selected 
channel 
tied high (5 Vod 
and the remaining off channels 
tied low (0 Voc), total current flow through the off 
channels is measured; two, with the selected channel tied low and the off channels tied high, total current flow through the off channels is again measured. The two 
cases considered 
for determining 
on channel leakage current are the same except total current ftow through the selected channel is measured. 


Note 
14: A 40% to 60% duty cycle range insures proper operation 
at all clock frequencies. 
In the case that an available clock has a duty cycle outside of these 
limits the minimum time the clock is high or low must be at least 120 ns. The maximum time the clock can be high or low is 100 /Jos. 


Note 
15: Since data, MSB first, is the output of the comparator 
used in the successive 
approximation 
loop, an additional 
delay is built in (see Block Diagram) to 
allow for comparator 
response time. 


Note 
16: For the ADC08231 VREFIN is internally tied to the on chip 2.5V band-gap reference output; therefore, 
the supply current is larger because it includes the 
reference 
current (700 /JoAtypical, 2 mA maximum). 


Note 17: Load regulation test conditions 
and specifications 
for the ADC08231 
differ from those of the ADC08234 
and ADC08238 
because the ADC08231 
has the 
on·board 
reference 
as a permanent 
load. 
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Functional Description 
. 


1.0 MULTIPLEXER 
ADDRESSING 


The design 
of these 
converters 
utilizes 
a comparator 
struc- 
differentially 
with any other 
channel. 
In addition 
to selecting 
ture with 
built-in 
sample-and-hold 
which 
provides 
for a dif- 
differential 
mode the polarity 
may also be selected. 
Channel 
ferential 
analog 
input 
to 
be 
converted 
by 
a successive- 
o may be selected 
as the 
positive 
input 
and channel 
1 as 
approximation 
routine. 
the 
negative 
input 
or vice 
versa. 
This 
programmability 
is 


The 
actual 
voltage 
converted 
is always 
the difference 
be- 
best illustrated 
by the MUX addressing 
codes 
shown 
in the 


tween 
an assigned" 
+ .. input terminal 
and a ••-" 
input ter- 
following 
tables 
for the various 
product 
options. 


minal. 
The 
polarity 
of each 
input 
terminal 
of the pair 
indi- 
The 
MUX 
address 
is shifted 
into the 
converter 
via the 
DI 
cates 
which 
line the converter 
expects 
to be the most posi- 
, 
line. Because 
the ADC08231 
contains 
only one differential 
tive. If the assigned" 
+ .. input voltage 
is less than the" 
- •• 
input 
channel 
with a fixed 
polarity 
assignment, 
it does 
not 
input voltage 
the converter 
responds 
with an all zeros 
out- 
require 
addressing. 
put code. 
The 
common 
input 
line (COM) 
on the 
ADC08238 
can 
be 
A unique input multiplexirig 
scheme 
has been utilized to pro- 
used as a pseudo-differential 
input. In this mode the voltage 
vide 
multiple 
analog 
channels 
with 
software-configurable 
on this pin is treated 
as the ••-" 
input for any of the other 
single-ended, 
differential, 
or pseudo-differential 
(which 
will 
input 
channels. 
This 
voltage 
does 
not 
have 
to be analog 
convert 
the 
difference 
between 
the voltage 
at any analog 
ground; 
it can be any reference 
potential 
which 
is common 
input and a common 
terminal) 
operation. 
The analog 
signal 
to all of the inputs. This feature 
is most useful 
in single-sup- 
conditioning 
required 
in transducer-based 
data 
acquisition 
ply applications 
where the analog circuitry 
may be biased 
up 
systems 
is significantly 
simplified 
with this type of input flexi- 
to a potential 
other 
than ground 
and the output 
signals 
are 


bility. One converter 
package 
can now handle 
ground 
refer- 
all referred 
to this potential. 


enced 
inputs 
and true differential 
inputs 
as well as signals 
TABLE 
I. Multiplexer/Package 
Options 
with some arbitrary 
reference 
voltage. 


A particular 
input configuration 
is assigned 
during 
the MUX 
Part 
Number 
of Analog 
Channels 
Number 
of 
addressing 
sequence, 
prior to the start of a conversion. 
The 
Number 
Single-Ended 
Differential 
Package 
Pins 
MUX address 
selects 
which 
of the analog 
inputs 
are to be 


enabled 
and whether 
this input is single-ended 
or differen- 
ADC08231 
1 
1 
8 
tial. 
Differential 
inputs 
are 
restricted 
to 
adjacent 
channel 
ADC08234 
4 
2 
14 
pairs. For example, 
channel 
0 and channel 
1 may be select- 


ed 
as 
a differential 
pair 
but 
channel 
0 or 
1 cannot 
act 
ADC08238 
8 
4 
20 


TABLE 
II. MUX Addressing: 
ADC08238 


Single-Ended 
MUX Mode 


MUXAddress 
Analog 
Single-Ended 
Channel 
# 


START 
SGL/ 
000/ 
SELECT 
0 
1 
2 
3 
4 
5 
6 
7 
COM 
DIF 
SIGN 
1 
0 


1 
1 
0 
0 
0 
t 
- 


1 
1 
0 
0 
1 
+ 
- 


1 
1 
0 
1 
0 
+ 
- 


1 
1 
0 
1 
1 
+ 
- 


1 
1 
1 
0 
0 
+ 
- 


1 
1 
1 
0 
1 
+ 
- 


1 
1 
1 
1 
0 
I 
+ 
- 


1 
1 
1 
1 
1 
+ 
- 


Functional Description 
(Continued) 


TABLE II. MUX Addressing: AOC08238 (Continued) 


Differential 
MUX Mode 


MUXAddress 
Analog Differential Channel-Pair # 


START 
SGLI 
0001 
SELECT 
0 
1 
2 
3 


OIF 
SIGN 
1 
0 
,0 
1 
2 
3 
4 
5 
6 
7 


1 
0 
0 
0 
0 
+ 
- 


1 
0 
0 
0 
1 
+ 
- 


1 
0 
0 
1 
0 
+ 
- 
.. 


1 
0 
0 
1 
1 
+ 
- 


1 
0 
1 
0 
0 
- 
+ 


1 
0 
1 
0 
1 
- 
+ 
-- 


1 
0 
1 
1 
0 
- 
+ 


1 
0 
1 
1 
1 
- 
+ 


TABLE III. MUX Addressing: AOC08234 
Single-Ended MUX Mode 


MUXAddress 
Channel # 


START 
SGLI 
0001 
SELECT 
0 
1 
2 
3 
OIF 
SIGN 
1 


1 
1 
0 
0 
+ 


1 
1 
0 
1 
+ 


1 
1 
1 
0 
+ 


1 
1 
1 
1 
+ 


COM is internally tied to AGND 


Differential 
MUX Mode 


MUXAddress 
Channel # 
- 


START 
SGLI 
0001 
SELECT 
0 
1 
2 
3 
OIF 
SIGN 
1 


1 
0 
0 
0 
+ 
- 


1 
0 
0 
1 
+ 
- 


1 
0 
1 
0 
- 
+ 


1 
0 
1 
1 
- 
+ 


Functional Description 
(Continued) 
Since the input configuration is under software control, it 
can be modified as required before each conversion. A 
channel can be treated as a single-ended, ground refer- 
enced input for one conversion; then it can be reconfigured 
as part of a differential channel for another conversion. Fig- 
ure 1 illustrates the input flexibility which can be achieved. 


The analog input voltages for each channel can range from 
50mV below ground to 50mV above Vcc (typically 5V) with- 
out degrading conversion accuracy. 


2.0 THE DIGITAL 
INTERFACE 


A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 
provements; it allows many functions to be included in a 
small package and it can eliminate the transmission of low 
level analog signals by locating the converter right at the 
analog sensor; transmitting highly noise immune digital data 
back to the host processor. 


To understand the operation of these converters it is best to 
refer to the Timing Diagrams and Functional Block Diagram 
and to follow a complete conversion sequence. For clarity a 
separate timing diagram is shown for each device. 
1. A conversion is initiated by pulling the ~ 
(chip select) 


line low. This line must be held low for the entire conver- 
sion. The converter is now waiting for a start bit and its 
MUX assignment word. 


2. On each rising edge of the clock the status of the data in 


(01) line is clocked into the MUX address shift register. 
The start bit is the first logic "1" that appears on this line 
(all leading zeros are ignored). Following the start bit the 
converter expects the next 2 to 4 bits to be the MUX 
assignment word. 


o.I! 


2.3 


+ 


VBIAS-=- 
* 


• 


Functional Description 
(Continued) 


3. When the start bit has been shifted 
into the start location 


of the MUX register, 
the input channel 
has been assigned 


and 
a conversion 
is about 
to begin. 
An 
interval 
of 
1Yo 
clock 
periods 
is automatically 
inserted 
to allow 
for sam- 


pling 
the analog 
input. 
The 
SARS 
line goes 
high at the 


end of this time to signal that a conversion 
is now in prog- 
ress 
and 
the 
01 line 
is disabled 
(it no 
longer 
accepts 
data). 


4. The data out (DO) line now comes 
out of TRI-STATE 
and 


provides 
a leading 
zero. 


5. During the conversion 
the output 
of the SAR comparator 


indicates 
whether 
the analog 
input 
is greater 
than 
(high) 


or less than 
(low) a series 
of successive 
voltages 
gener- 
ated internally 
from a ratioed 
capacitor 
array (first 5 bits) 


and a resistor 
ladder 
(last 3 bits). After 
each comparison 


the comparator's 
output 
is shipped 
to the DO line on the 


falling 
edge of ClK. 
This data is the result of the conver- 


sion 
being 
shifted 
out 
(with 
the 
MSB 
first) 
and 
can 
be 


read by the processor 
immediately. 


6. After 
8 clock 
periods 
the conversion 
is completed. 
The 


SARS line returns 
low to indicate 
this Yo clock cycle later. 


7. The stored 
data in the successive 
approximation 
register 


is loaded 
into an internal 
shift register. 
If the programmer 


prefers, 
the data can be provided 
in an lSB 
first format 


[this makes 
use of the shift enable 
(SE) controllinel. 
On 


the ADC08238 
the SE line is brought 
out and if held high 


the value 
of the lSB 
remains 
valid on the DO line. When 


SE is forced 
low the 
data 
is clocked 
out 
lSB 
first. 
On 


devices 
which 
do 
not 
include 
the SE control 
line, 
the 


data, 
lSB 
first, 
is automatically 
shifted 
out the 
DO line 


after 
the 
MSB first data 
stream. 
The DO line then 
goes 


low 
and 
stays 
low 
until 
CS 
is 
returned 
high. 
The 


ADC08231 
is an exception 
in that its data is only output 
in 


MSB first format. 


8. All internal 
registers 
are cleared 
when the CS line is high 


and the tSELECT requirement 
is met. See Data Input Tim- 
ing under 
Timing 
Diagrams. 
If another 
conversion 
is de- 
sired CS must 
make a high to low transition 
followed 
by 


address 
information. 


The 01 and DO lines can be tied together 
and controlled 


through 
a bidirectional 
processor 
I/O 
bit with 
one wire. 


+ 
AOC08234 
VREF IN 


VREF OUT 


+I100}olF 


This is possible 
because 
the 01 input is only "looked-at" 


during 
the MUX addressing 
interval 
while 
the DO line is 
still in a high impedance 
state. 


3.0 REFERENCE 
CONSIDERATIONS 


The VREFIN pin on these 
converters 
is the top of a resistor 


divider 
string 
and 
capacitor 
array 
used 
for the 
successive 
approximation 
conversion. 
The voltage 
applied 
to this refer- 


ence input defines 
the voltage 
span of the analog 
input (the 
difference 
between 
VIN(MAX) and VIN(MIN) over 
which 
the 
256 
possible 
output 
codes 
apply). 
The 
reference 
source 
must 
be capable 
of driving 
the reference 
input 
resistance, 


which 
can be as low as 1.3 kn. 


For absolute 
accuracy, 
where 
the 
analog 
input 
varies 
be- 
tween 
specific 
voltage 
limits, 
the 
reference 
input 
must 
be 
biased with a stable voltage 
source. 
The ADC08234 
and the 
ADC08238 
provide 
the output 
of a 2.5V band-gap 
reference 
at VREFOUT. 
This voltage 
does 
not vary appreciably 
with 
temperature, 
supply voltage, 
or load current 
(see Reference 
Characteristics 
in the Electrical 
Characteristics 
tables) 
and 
can be tied directly 
to VREFIN for an analog 
input span of OV 


to 2.5V. This output 
can also 
be used to bias external 
cir- 
cuits 
and can therefore 
be used 
as the reference 
in ratio- 


metric applications. 
Bypassing 
VREFOUT with a 100,...F ca- 


pacitor 
is recommended. 


For the ADC08231, 
the output 
of the on-board 
reference 
is 
internally 
tied to the reference 
input. Consequently, 
the ana- 


log input span for this device 
is set at OV to 2.5V. The pin 


VREFC is provided 
for bypassing 
purposes 
and biasing 
ex- 


ternal 
circuits 
as suggested 
above. 


The maximum 
value 
of the reference 
is limited 
to the VCC 


supply 
voltage. 
The minimum 
value, 
however, 
can be quite 
small (see Typical 
Performance 
Characteristics) 
to allow 
di- 


rect conversions 
of transducer 
outputs 
providing 
less than a 


5V output 
span. Particular 
care must be taken with regard to 
noise pickup, 
circuit 
layout 
and system 
error voltage 
sourc- 


es 
when 
operating 
with 
a reduced 
span 
due 
to 
the 
in- 


creased 
sensitivity 
of the 
converter 
(1 lSB 
equals 
VREFI 


256). 


AOC08238 
VREF IN 


VREF OUT 


FIGURE 
2. Reference 
Examples 


2-208 


Functional Description 
(Continued) 


4.0 THE ANALOG 
INPUTS 


The most important 
feature 
of these 
converters 
is that they 


can be located 
right at the analog signal source and through 


just a few wires can communicate 
with a controlling 
proces- 


sor with a highly noise immune 
serial bit stream. 
This in itself 


greatly 
minimizes 
circuitry 
to maintain 
analog 
signal accura- 


cy 
which 
otherwise 
is most 
susceptible 
to 
noise 
pickup. 


However, 
a few words 
are in order with regard to the analog 


inputs 
should 
the 
input 
be noisy to begin 
with 
or possibly 


riding on a large common-mode 
voltage. 


The differential 
input 
of these 
converters 
actually 
reduces 


the effects 
of common-mode 
input noise, a signal common 


to 
both 
selected 
••+.. and 
••-" 
inputs 
for 
a conversion 


(60 Hz is most typical). 
The time interval 
between 
sampling 


the" +..input and then the" 
-" 
input is % of a clock 
peri- 
od. The 
change 
in the 
common-mode 
voltage 
during 
this 


short time interval 
can cause conversion 
errors. 
For a sinus- 
oidal common-mode 
signal this error is: 


(0.5 
) 
Verror(max) = VPEAK(21TfCM) 
-- 
fCLK 


where 
fCM is the frequency 
of the common-mode 
signal, 


VPEAK is its peak voltage 
value 


and fCLK is the AID 
clock 
frequency. 


For a 60Hz common-mode 
signal to generate 
a 'I.LSB er- 
ror (:::::5mV) with the converter 
running 
at 250kHz, 
its peak 


value 
would 
have to be 6.63V 
which 
would 
be larger 
than 


allowed 
as it exceeds 
the maximum 
analog 
input limits. 


Source 
resistance 
limitation 
is important 
with regard 
to the 


DC leakage 
currents 
of the input multiplexer. 
While 
operat- 
ing near 
or at maximum 
speed, 
bypass 
capacitors 
should 
not be used 
if the 
source 
resistance 
is greater 
than 
1kn. 
The worst-case 
leakage 
current 
of ± 1IJ.A over temperature 


will create 
a 1mV input error with a 1kn 
source 
resistance. 
An op amp 
RC active 
low pass filter 
can provide 
both 
im- 
pedance 
bUffering 
and noise filtering 
should 
a high imped-' 


ance signal 
source 
be required. 


5.0 OPTIONAL 
ADJUSTMENTS 


5.1 Zero 
Error 


The 
zero 
of the 
AID 
does 
not 
require 
adjustment. 
If the 


minimum 
analog 
input voltage 
value, VIN(MIN), is not ground 


a zero 
offset 
can be done. 
The converter 
can be made 
to 


output 
0000 0000 digital code for this minimum 
input voltage 


by biasing 
any 
VIN (-) 
input 
at this 
VIN(MIN) value. 
This 


utilizes 
the differential 
mode operation 
of the AID. 


The zero error of the AID 
converter 
relates 
to the location 
of the first 
riser of the transfer 
function 
and can 
be mea- 


sured 
by grounding 
the VIN (-) 
input and applying 
a small 
magnitude 
positive 
voltage 
to the VIN (+) 
input. Zero error 
is the difference 
between 
the actual 
DC input voltage 
which 
is necessary 
to just cause 
an output 
digital 
code 
transition 
from 
0000 
0000 
to 0000 
0001 
and the ideal % LSB value 


(% LSB = 9.8mV for VREF = 5.000Vocl. 


5.2 Full Scale 


A full-scale 
adjustment 
can be made by applying 
a differen- 


tial input voltage 
which 
is 1% LSB down 
from 
the desired 
analog 
full-scale 
voltage 
range and then adjusting 
the mag- 


nitude of the VREFIN input for a digital output 
code which 
is 


just changing 
from 1111 1110 to 1111 1111 (See figure enti- 


tled "Span 
Adjust; 
OV :s: VIN :s: 3V"). 
This is possible 
only 


with the ADC08234 
and ADC08238. 
(The reference 
is inter- 


nally connected 
to VREFIN of the ADC08231). 


5.3 Adjusting 
for an Arbitrary 
Analog 
Input 
Voltage 
Range 


If the analog 
zero voltage 
of the AID 
is shifted 
away from 


ground 
(for example, 
to accommodate 
an analog 
input sig- 


nal which 
does 
not go to ground), 
this new zero reference 


should 
be properly 
adjusted 
first. A VIN (+) 
voltage 
which 


equals 
this desired 
zero reference 
plus % LSB (where 
the 


LSB is calculated 
for the desired 
analog 
span, using 
1 LSB 
= analog 
span/256) 
is applied 
to selected "+" input and 
the zero reference 
voltage 
at the corresponding" 
-" 
input 


should 
then 
be adjusted 
to just obtain 
the OOHEXto 01 HEX 


code transition. 


The full-scale 
adjustment 
should 
be made 
[With the proper 


VIN (-) 
voltage 
applied) 
by forcing 
a voltage 
to the VIN (+) 


input which 
is given by: 


VIN (+) 
fs adj = VMAX - 
1.5 [(VMAX 
- 
VMIN)] 


, 
256 


where: 


VMAX = the high end of the analog 
input range 


and 


VMIN = the low end (the offset zero) of the analog 
range. 


(Both are ground 
referenced.) 


The VREFIN (or Vccl 
voltage 
is then 
adjusted 
to provide 
a 


code change 
from FEHEX to FFHEX. This completes 
the ad- 
justment 
procedure. 
• 
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·Pinouts 
shown for ADC08238. 


For all other products tie to pin functions 
as shown. 
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Semiconductor 


8-Bit J1-P Compatible AID Converter 


General Description 
The ADC0841 is a CMOS 8-bit successive approximation 
AID converter. Differential inputs provide low frequency in- 
put common mode rejection and allow offsetting the analog 
range of the converter. In addition, the reference input can 
be adjusted enabling the conversion of reduced analog 
ranges with 8-bit resolution. 
The AID is designed to operate with the control bus of a 
variety of microprocessors. TRI-STATEGPoutput latches that 
directly drive the data bus permit the AID to be configured 
as a memory location or 1/0 device to the microprocessor 
with no interface logic necessary. 


Features 
• 
Easy interface to all microprocessors 
• 
Operates ratiometrically or with 5 Voc 
voltage reference 
• 
No zero or full-scale adjust required 
• 
Internal clock 
• 
OV to 5V input range with single 5V power supply 
• 
0.3" standard width 20-pin package 
• 
20 Pin Molded Chip Carrier Package 


Key Specifications 
• 
Resolution 
• 
Total Unadjusted Error 
• 
Single Supply 
• 
Low Power 
• 
Conversion Time 


8 Bits 


±y. LSB and ± 1 LSB 


5 VDC 
15mW 
40 ,,"S 


V1N(+) 
(6) 


V1N(-) 
(7) 


S-BIT 
S.U. 
AID 


TRI-STATE 


OUTPUT 


LATCHES 
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Dual-In-Llne Package (N) 
Molded Chip Carrier Package (V) 


DBO 
DBl 
DB2 
DB3 
DB. 
cs 
1 
20 
Vcc 
Rii 
2 
19 
N.C. 
1S 
17 
16 
15 
1. 


WR 
N.C. 
19 
13 
DB5 
3 
1S 
DBO 


N.C. 
• 
17 
DBl 
Vcc 
20 
12 
DB6 
INTR 
5 
16 
DB2 


V1N(+) 
6 
15 
DB3 
CS 
11 
087 


V1N(-) 
7 
,. 
DB. 


AGND 
B 
13 
085 
RD 
10 
IlGND 


VREF 
9 
12 
086 


DGND 
10 
" 


087 
WR 
VREF 
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Top View 
N.C. 
INTR 
V1Nl+) 
V1N(-) 
AGND 


(N.C.-No 
Connection) 
TUH/8557-3 


Top View 


:::,uPPIYvoltage \VccJ 
Voltage 
Logic Control Inputs 
At Other Inputs and Outputs 


Input Current Per Pin (Note 3) 
Input Current Per Package (Note 3) 


Storage Temperature 
Package Dissipation at TA= 2S·C 


- 0.3V to VCC+ 0.3V 
-0.3V to Vcc+ 0.3V 


±SmA 


±20mA 


-6S·C to + lS0·C 


87SmW 


Infrared (lS seconds) 
ESDSusceptibility (Note 10) 


220·C 


800V 


Operating Conditions 
(Notes 1 and 2) 


Supply Voltage (Vee) 
4.SVoc to 6.0 Voc 


Temperature Range 
TMIN';;TA';;TMAX 


ADC0841BCN, ADC0841CCN 
OOC,;;TA';;70·C 


ADC0841BCV,ADC0841CCV 
-400C';; TA';;8S·C 


Electrical Characteristics 
The following specifications apply for Vee= SVoc unless otherwise specified. 


Boldface 
limits apply 
from 
TMIN to TMAX; all other limits TA= Tj= 2S·C. 


ADC0841BCN, ADC0841CCN 
ADC0841BCV, ADC0841CCV 


Parameter 
Conditions 
Tested 
Design 
Units 
Typ 
Limit 
Limit 
(Note 6) 
(Note 
7) 
(Note 8) 


CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 


Maximum Total 
VREF=S.OOVDC 
Unadjusted Error 
(Note 4) 
ADC0841BCN, BCV 
±% 
±y. 
LSB 
ADC0841CCN, CCV 
±1 
±1 
LSB 


Minimum Reference 
2.4 
1.2 
1.1 
kO 
Input Resistance 


Maximum Reference 
2.4 
S.4 
5.9 
kO 
Input Resistance 


Maximum Common-Mode 
(NoteS) 
Vcc+O.OS 
Vcc+O.05 
V 
Input Voltage 


Minimum Common-Mode 
(NoteS) 
GND-O.OS 
GND-O.05 
V 
Input Voltage 


DC Common-Mode Error 
Differential Mode 
±'j,. 
±'I. 
±y. 
LSB 


Power Supply Sensitivity 
Vee=SV±S% 
±'j,. 
±'/e 
±% 
LSB 


"'U,",UO"ID,",Y, 
HU,",UOAt.,",,",Y 


Symbol 
Parameter 
Conditions 
Tested 
Design 
Units 
Typ 
Umlt 
Limit 
(Note 
6) 
(Note 
7) 
(NoteS) 


DIGITAL 
AND DC CHARACTERISTICS 
< 


VIN(1) 
Logical 
"1" 
Input 
Vcc=5.25V 
2.0 
2.0 
V 


Voltage 
(Min) 


VIN(O) 
Logical 
"0" 
Input 
Vcc=4.75V 
0.8 
0.8 
V 


Voltage 
(Max) 


IIN(l) 
Logical 
"1" 
Input 
VIN=5.0V 
0.005 
1 
p.A 


Current 
(Max) 


IIN(O) 
Logical 
"0" 
Input 
VIN=OV 
-0.005 
-1 
p.A 


Current 
(Max) 


VOUT(l) 
Logical 
"1" 
Vcc=4.75V 


Output Voltage 
(Min) 
IOUT= -360 
/LA 
2.8 
2.4 
V 


IOUT= -10 
/LA 
4.6 
4.5 
V 


VOUT(O) 
Logical 
"0" 
Vcc=4.75V 
0.34 
0.4 
V 


Output 
Voltage 
(Max) 
IOUT=1.6mA 


lOUT 
TRI-STATE 
Output 
VOUT=OV 
-0.Q1 
-0.3 
-3 
/LA 


Current 
(Max) 
VOUT=5V 
0.01 
0.3 
3 
/LA 


ISOURCE 
Output 
Source 
VOUT=OV 
-14 
-7.5 
-&.5 
mA 


Current 
(Min) 


ISINK 
Output Sink 
VOUT=VCC 
16 
9.0 
8.0 
mA 


Current 
(Min) 


Icc 
Supply Current 
(Max) 
CS=1, 
VREFOpen 
1 
2.3 
2.5 
mA 


AC Characteristics 
The following 
specifications 
apply for Vcc = 5VDC, tr = tf = 10 ns unlesli 
otherwise 
specified. 
Boldface 
limits 
apply 
from 
T MIN to TMAX; all other limits TA = TJ = 25°C. 


I 
Tested 
Design 


Symbol 
Parameter 
Conditions 
Typ 
Limit 
Limit 
Units 
(Note 
6) 
(Note 
7) 
(Note 
8) 


te 
Maximum 
Conversion 
Time (See Graph) 
30 
40 
eo 
"'s 


tW(WR) 
Minimum 
WR Pulse Width 
(Note 9) 
50 
150 
ns 


tACC 
Maximum 
Access 
Time (Delay from Falling Edge of 
CL = 100 pF 
145 
225 
ns 
RD to Output 
Data Valid) 
(Note 9) 
I 


t1 H, toH 
TRI-STATE 
Control 
(Maximum 
Delay from Rising 
CL = 10 pF, RL = 10k, 
125 
200 
ns 
Edge of RD to Hi-Z State) 
tr = 20 ns (Note 9) 


tWI, tRI 
Maximum 
Delay from Falling Edge of WR or RD to 
(Note 9) 
200 
- 
400 
ns 
Reset of INTR 


CIN 
Capacitance 
of Logic Inputs 
5 
'!, 
pF 


COUT 
Capacitance 
of Logic Outputs 


,\. 
,. 


5 
pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 


the device beyond its specified operating 
conditions. 


Note 2: All voltages 
are measured with respect to the ground pins. 
I 


Note 3: During over-voltage 
conditions 
(VIN<OV and VIN> Vcd 
the maximum input current at anyone 
pin is ± 5 mA. If the current is limited to ± 5 mA at all the 


pins no more than four pins can be in this condition 
in order to meet the Input Current Per Package (± 20 mAl specification. 


Note 4: Total undajusted 
error includes offset, full-scale, 
and linearity. 


Note 5: For V,N (-) 
,. V,N (+) the digitaloutputcode will be 0000 0000. Two on-chipdiodesaretied to eachanaloginput.whichwill forward-conductfor analog 
input voltages one diode drop bEflow ground or one diode drop greater than VCC supply. '8e careful during testing at low Vcc levels (4.5V>, as high level analog 
inputs (5V) can cause this input diode to conduct, especially at elevated temperatures, 
and cause errors for analog inputs near full-scale. The spec allows 50 mV 


forward bias of either diode. This-means that as long as the analog V,N does. not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute 0 Voc to 5 Voc input voltage range will therefore require a minimum supply voltage of 4.950 Voc over temperature 
variations, 
initial tolerance 


and loading. 


Note 6: Typicals are at 25°C and represent 
most likely parametric 
norm. 


Note 7: Tested limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 8: Design limits are guaranteed 
but not 100% production 
tested. These limits are not used to calculate 
outgoing quality levels. 


Note 9: The temperature 
coefficient 
is 0.3%rC. 
Note 10: Humanbody model,100 pF dischargedthrough1.5 kG resistor. 


Timing Diagram 
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ORO-OB7 
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-------------------- 
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DBo-DB7 
- 


tACC- - 
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Note 
1: Read strobe must occur at least 600 ns after the assertion of interrupt to guarantee 
reset of TRTJ1. 


Typical Performance Characteristics 


Logic 
Input 
Threshold 
Output 
Current 
vs 
Power 
Supply 
Current 
vs 
Voltage 
vs Supply 
Voltage 
Temperature 
Temperature 
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Unadjusted 
Offset 
Error 
vs 
TRI-STATE Test Circuits and Waveforms 
VREF Voltage 
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Functional Description 
A conversion is initiated via the ~ 
and WR lines. If the data 


from a previous conversion is not read, the INTR line will be 
low. The falling edge of WR will reset the INTR line high and 
ready the AID for a conversion cycle. The rising edge of WR 
starts a conversion. After the conversion cycle (te ~ 60 
J.Lsec),which is set by the internal clock frequency, the digi- 
tal data is transferred to the output latch and the INTR is 
asserted low. Taking ~ 
and RD low resets INTR output 


high and transfers the conversion result on the output data 
lines (DBO-DB7). 


Applications 
Information 


1.0 REFERENCE 
CONSIDERATIONS 


The voltage applied to the reference input of this converter 
defines the voltage span of the analog input (the difference 
between VIN(MAX)and VIN(MIN»)over which the 256 possi- 
ble output codes apply. The device can be used in either 
ratiometric applications or in systems requiring absolute ac- 
curacy. The reference pin must be connected to a voltage 
source capable of driving the minimum reference input re- 
sistance of 1.1 k!l. This pin is the top of a resistor divider 
string used for the successive approximation conversion. 
!n a ratiometric system (Figure 
1a), the analog input voltage 


is proportional to the voltage used for the AID reference. 
This voltage is typically the system power supply, so the 
VREF pin can be tied to VCC.This technique relaxes the 
stability requirements of the system reference as the analog 
input and AID 
reference move together maintaining the 


same output code for a given input condition. 


For absolute accuracy (Figure 
1b), where the analog input 


varies between very specific voltage limits, the reference pin 
can be biased with a time and temperature stable voltage 
source. The LM385 and LM336 reference diodes are good 
low current devices to use with this converter. 
The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased 
sensitivity 
of 
the 
converter 
(1 
LSB 
equals 


VREF/256). 


2.0 THE ANALOG 
INPUTS 


2.1 Analog 
Differential 
Voltage 
Inputs and Common- 


Mode Rejection 
The differential inputs of this converter actually reduce the 
effects of common-mode input noise, a signal common to 
both selected" +" and" -" 
inputs for a conversion (60 Hz 


is most typical). The time interval between sampling the 
"+" input and then the "-" 
input is V. of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 


VERROR(MAX)=Vpeald21TfCM)XO.5X (~) 


where fCM Is the frequency of the common-mode signal, 
Vpeak is its peak voltage value and te is the conversion 
time. 


For a 60 Hz common-m.ode signal to generate a % LSB 
error (::::5 mY) with the converter running at 40 J.LS, its peak 
value would have to be 5.43V. This large a common-mode 
signal is much greater than that generally found in a well 
designed data acquisition system. 


2.2 Input Current 
Due to the sampling nature of the analog inputs, short dura- 
tion spikes of current enter the" +" input and exit the" - " 
input at the clock edges during the actual conversion. These 
currents decay rapidly and do not cause errors as the inter- 
nal comparator is strobed at the end of a clock period. By- 
pass capacitors at the inputs will average these currents 
and cause an effective DC current to flow through the out- 
put resistance of the analog signal source. Bypass capaci- 
tors should not be used if the source resistance is greater 
than 1 k!l. An op amp RC active low pass filter can provide 
both impedance buffering and noise filtering should a high 
impedance signal source be required. 


3.0 OPTIONAL 
ADJUSTMENTS 


3.1 Zero Error 
The zero of the AID does not require adjustment. If the 
minimum analog input voltage value, VIN(MIN),is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing the VIN (-) 
input at this VIN(MIN)value. 


The zero error of the AID converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V- input and applying a small mag- 
nitude positive voltage to the V+ input. Zero error is the 
difference between actual DC input voltage which is neces- 
sary to just cause an output digital code transition from 0000 
0000 to 0000 0001 and the ideal V. LSB value (V. LSB= 9.8 
mV for VREF=5.000 Vocl. 


3.2 Full-Scale 


The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 V. LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the VREFinput for a digital output code changing 
from 11111110 to 11111111. 


3.3 Adjusting 
for an Arbitrary 
Analog 
Input Voltage 
Range 


If the analog zero voltage of the AID is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A voltage which equals 
this desired zero reference plus V. LSB (where the LSB is 
calculated for the desired analog span, 1 LSB = analog 
span/256) is applied to the" +" input (VIN(+») and the zero 
reference voltage at the "-" 
input (VIN(- »)shouldthen be 


adjusted to just obtain the OOHEXto 01HEXcode transition. 


TUH/8557-12 


b) Absolute with a Reduced Span 


The full-scale adjustment should be made [with the proper 
VIN (-) 
voltage appliedl by forcing a voltage to the VIN(+) 
input which is given by: 


. 
[(VMAX-VMIN)] 
VIN(+)fsadJ=VMAX 
-1.5 
256 


where VMAX=the high end of the analog input range and 


SETS 
ZERO 
CODE VOLTAGE 


(lVI 


Ii 


l.7k 
lVDe 


ZEAD AIlJ 


VMIN= the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 


The VREF (or VcC> voltage is then adjusted to provide a 
code change from FEHEXto FFHEX.This completes the ad- 
justment procedure. 


For an example see the Zero-Shift and Span Adjust circuit 
below. 


Zero-Shift and Span Adjust (2V';; VIN';;5V) 


vee 
liVDel 
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Applications 
Information 
(Continued) 


Span Adjust OVS:VINS:3V 


High Accuracy 
Comparator 


5V 


+1'lhF 


DO~all1s 
if V'N(+»V'N(-) 


DO~all Osif V'N(+)<V'N(-) 


10 Jlf 
TANTALUM 
CS 
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Ro 
N.C. 


WR 
UK 
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UK 
N.C. 
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INTR 
AOC0841 
UK 
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UK 
INPUT 0-5V 
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OB3 
UK 
V1H(-) 
OB4 
UK 
AGNO 
OB5 
UK 
VREf 
OB6 
UK 
OGNO 
(MSB)OB7 
- 
L.E.O. 
XC1017 
(8) 
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~i~i~fC+ 
J'.' 


0000 
0410 


0010 
B9FF 


0012 
B820 


0014 
89FF 


0016 
2300 


0018 
1450 


CONVERTING 
TWO RATIOMETRIC, 
DIFFERENTIAL 
SIGNALS 


ORG 
OH 


JMP 
BEGIN 


ORG 
10H 


MOV 
R1,#OFFH 
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99FE 
CONY: 


0052 
91 


0053 
09 
LOOP: 
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AO 
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12 


DB1 
13 


DB2 
14 


DB3 
15 


DB4 
16 


DBS 
17 
INS8039 


DB6 
18 


DB7 
19 


WR 
8 


iID 
10 


P10 
6 


27 
P11 


GND 


MOV 


ORL 


MOV 


CALL 


ORG 


ANL 


MOVX 
IN 


JB1 


MOVX 


ORL 


MOV 


RET 


RO,#20H 


P1,#OFFH 


A,OOH 


CONY 


;CONVERSION 
SUBROUTINE 


;ENTRY:ACC-AID 
MUX DATA 


;EXIT: ACC-CONVERTED 
DATA 


50H 


P1,#OFEH 


@R1,A 


A,P1 


LOOP 
A,@R1 


P1,&01H 
@RO,A 


ADC0841-INS8039 
Interface 


SV 


;START 
PROGRAM 
AT ADDR 
10 


;MAIN PROGRAM 


;LOAD R1 WITH A UNUSED 
ADDR 


;LOCATION 


;AlD 
DATA ADDRESS 


;SET PORT 1 OUTPUTS 
HIGH 


;LOAD THE ACC WITH 00 


;CALL THE CONVERSION 
SUBROUTINE 


;CHIP SELECT 
THE AID 


;START 
CONVERSION 


;INPUT 
INTR STATE 


;IF INTR = 1 GOTO LOOP 


;IF INTR = 0 INPUT AID 
DATA 


;CLEAR THE AID 
CHIP SELECT 


;STORE THE AID 
DATA 


;RETURN 
TO MAIN PROGRAM 


18 
DBO 
• 


17 
DBl 
16 
DB2 
15 
DB3 
V1N(+) 
6 
+ 


14 
DB4 
13 
DBS 
ADC084l 
12 
DB6 
11 
V1N(-) 
7 
DB7 
3 
WR 


2 
iID 
1 
cs 


S 
INTR 


Applications 
Information 
(Continued) 


I/O 
Interface 
to NSC800™ 


5V 
5V 


0010 


OOOF 


001F 


3COO 


0000' 
00 


0001' 
OE 1F 


0003' 
0616 


0005' 
210000' 


0008' 
11003C 


OOOB' 
EDA3 


OOOD' 
EB 


OOOE' 
3EOF 


0010' 
3D 


0011' 
C20013' 


0014' 
EDA2 


0016' 
EB 


0017' 
C2000E' 


5v 
vcc 
v..,. 
ceo 
AOO 


06' 
AD' 


062 
ADZ 


DB3 
AllJ 


v~(.) 


Dfl.I 
A04 


065 
ADS 


066 
A06 


067 
AD7 


AllCOU' 
5V 


11 
ADl1 


V..<-) 
12 
AD.2 
AD.3 
AD" 
A015 
AGHO 
IO/Ii 


~~ 
WR 
RD 
RD 
DONO 


DEL 
CS 


ADDTA 


DTA: 


START: 


EQU 
16 


EQU 
15 


EQU 
1FH 


EQU 
003CH 


DB 
08H 


LD 
C,CS 


LD 
B,NCONV 


LD 
HL,DTA 


LD 
DE,ADDTA 


OUTI 


EX 
DE,HL 


LD 
A,DEL 


DEC 
A 


JP 
NZ,WAIT 


INI 


EX 
DE,HL 


JP 
NZ,STCONV 


;TWICE THE NUMBER 
OF REQUIRED 


;CONVERSIONS 


;DELA Y 60 ,..sec CONVERSION 


;THE BOARD 
ADDRESS 


;START OF RAM FOR AID 


;DATA 


; DATA 


;START 
A CONVERSION 


;HL = RAM ADDRESS 
FOR THE 


;AlDDATA 


;WAIT 60 ,..sec FOR THE 


;CONVERSION 
TO FINISH 


;STORE THE AID'S 
DATA 


;THE REQUIRED 
CONVERSIONS 
COMPLETED? 


END 


Note: A conversion is started, then a 60 JLs wait for the AID 
to complete a conversion and the data is stored at address ADOTA for the first conversion, 
ADOTA 
+ 1 for the second conversion, 
etc. for a total of 8 conversions. 


Temperature 
Total Unadjusted 
Error 
Package 


Range 
±% 
LSB 
±1 
LSB 
Outline 


O·Cto 
+700C 
ADC0841BCN 
ADC0841CCN 
N20A Molded 
Dip 


- 400C to + 85·C 
ADC0841BCV 
ADC0841CCV 
V20A Molded 
Chip Carrier 


tflNational 
Semiconductor 


ADC08441 ADC0848 8-Bit J.LP Compatible AID Converters 
with Multiplexer Options 
General Description 


The 
ADC0844 
and 
ADC0848 
are CMOS 
8-bit 
successive 
approximation 
AID 
converters 
with 
versatile 
analog 
input 
multiplexers. 
The 4-channel 
or 8-channel 
mUltiplexers 
can 
be 
software 
configured 
for 
single-ended, 
differential 
or 
pseudo-differential 
modes 
of operation. 


The differential 
mode provides 
low frequency 
input common 


mode rejection 
and allows offsetting 
the analog 
range of the 


converter. 
In addition, 
the A/D's 
reference 
can be adjusted 


enabling 
the conversion 
of reduced 
analog 
ranges with 8-bit 


resolution. 


The AIDs 
are designed 
to operate 
from the control 
bus of a 
wide variety 
of microprocessors. 
TRI-STATEI!> 
output 
latch- 
es that 
directly 
drive 
the 
data 
bus permit 
the AIDs 
to be 
configured 
as memory 
locations 
or I/O devices 
to the micro- 
processor 
with no interface 
logic necessary. 


•ADC0848 shown in 
DIP Package 
CH5-CH8 not included 
on the ADC0844 


Dual-In-Llne 
Package 
Dual-In-Line 
Package 


iffi , 
20 
Vcc 
iffi 
1 
24 
Vcc 


cs 
2 
'9 
Viii 
CH' 
2 
23 
cs 


CHI 
3 
'8 
iNTR 
CH2 , 
22 
Viii 


CH2 • 
'7 
080/ •• 0 
CH3 • 
21 
iNTR 


CH3 
5 
,. 
081/'" 
CH' 
5 
20 
080/ •• 0 
ADC0844 


CH' 
I 
'5 
OS2/MAl 
CH5 
I 
'9 
OS'/WAl 
.DC0848 
AGHO 
7 
•• 
083/.., 
CH' 
7 
18 
OS2/WA2 


VRU 
I 
13 
DIU 
CH7 
8 
17 
083/WA3 


{ll5II)OS7 
9 
t2 
Dll5 
CH8 
9 
t6 
084/WM 


DGIIO 
10 
11 
OS. 
AGHO 
'0 
15 
Dll5 


Tl/H/5016-2 
VRU 
11 
•• 
OS. 


DGNO 
12 
13 
087 


Top VIew 
TLIH/5016-30 


Top View 


• 
Easy interface 
to all microprocessors 


• 
Operates 
ratiometrically 
or with 5 VDC 
voltage 
reference 


• 
No zero or full-scale 
adjust 
required 


• 
4-channel 
or 8-channel 
multiplexer 
with address 
logic 


• 
Internal 
clock 
• 
OV to 5V input range 
with single 5V power 
supply 


• 
0.3" 
standard 
width 
20-pin 
or 24-pin 
DIP 


• 
28 Pin Molded 
Chip Carrier 
Package 


Key Specifications 


• 
Resolution 
• 
Total 
Unadjusted 
Error 


• 
Single 
Supply 


• 
Low Power 
• 
Conversion 
Time 


8 Bits 


1 LSB 


5 VDC 
15mW 


40/Ls 


Office/Distributors 
for 
availability 
and specifications. 
Dual-In-Line 
Package 
(Ceramic) 
300·C 


Supply Voltage 
(Vecl 
6.5V 
Molded 
Chip Carrier 
Package 


Voltage 
Vapor Phase (60 seconds) 
215·C 


Logic Control 
Inputs 
-0.3Vto 
+15V 
Infrared 
(15 seconds) 
220·C 


At Other 
Inputs and Outputs 
-0.3Vto 
Vee+0.3V 
Operating Conditions 
(Notes 
1 & 2) 
Input Current 
at Any Pin (Note 3) 
5mA 
Supply Voltage 
(Vee) 
4.5 Voc to 6.0 Voe 
Package 
Input Current 
(Note 3) 
20mA 
Temperature 
Range 
TMINOS:TAOS:TMAX 


Storage 
Temperature 
-65·C 
to + 150·C 
ADCOB44BCN, 
ADCOB44CCN, 
O·Cos:TAos:70·C 


Package 
Dissipation 
at TA = 25·C 
B75mW 
ADC084BBCN,ADCOB4BCCN 


ESD Susceptibility 
(Note 4) 
BOOV 
ADCOB44BCJ, 
ADCOB44CCJ, 
-40·COS:TAOS:B5·C 
ADCOB4BBCJ, 
ADCOB4BCCJ 


ADCOB4BBCV,ADCOB4BCCV 


Electrical Characteristics 
The following 
specifications 
apply for Vee 
= 5 Voe unless otherwise 
specified. 


Boldface 
limits 
apply 
from 
TMIN to TMAX; all other 
limits TA = 
Tj = 
25·C. 


ADC0844BCJ 
ADC0844BCN, 
ADC0844CCN 
ADC0844CCJ 
ADC0848BCJ 
ADC0848BCN, 
ADC0848CCN 


Parameter 
Conditions 
ADC0848CCJ 
ADC0848BCV, 
ADC0848CCV 
Limit 


Units 


Typ 
Tested 
Design 
Typ 
Tested 
Design 


Limit 
Limit 
Limit 
Limit 
(Note 
5) 
(Note 
6) 
(Note 
7) (Note 
5) 
(Note 
6) 
(Note 
7) 


CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 


Maximum 
Total 
VREF= 5.00 Voe 


Unadjusted 
Error 
(Note B) 


ADCOB44BCN, 
ADCOB4BBCN, 
BCV 
±% 
±% 
LSB 


ADCOB44BCJ, 
ADCOB4BBCJ 
±% 
LSB 


ADCOB44CCN, 
ADCOB4BCCN, 
CCV 
±1 
±1 
LSB 


ADCOB44CCJ, 
ADCOB4BCCJ 
±1 
LSB 


Minimum 
Reference 
2.4 
1.1 
2.4 
1.2 
1.1 
kO 


Input Resistance 


Maximum 
Reference 
. 
2.4 
5.8 
2.4 
5.4 
5.9 
kO 


Input Resistance 


Maximum 
Common-Mode 
(Note 9) 
Vcc+0•05 
Vee+0.05 
Vcc+0•05 
V 


Input Voltage 


Minimum 
Common-Mode 
(Note 9) 
GND-0.05 
GND-0.05 
GND-0.05 
V 


Input Voltage 


DC Common-Mode 
Error 
Differential 
Mode 
±1j,. 
±Y.. 
±'A. 
±% 
±Y.. 
LSB 


Power Supply Sensitivity 
Vee=5V±5% 
±1j,. 
±% 
±'A. 
±'Is 
±% 
LSB 


Off Channel 
Leakage 
(Note 10) 


Current 
On Channel = 5V, 
-1 
-0.1 
-1 
p.A 


Off Channel = OV 


On Channel=OV, 
1 
0.1 
1 
p.A 


Off Channel = 5V 


DIGITAL 
AND DC CHARACTERISTICS 


VIN(1), Logical 
"1" 
Input 
Vee=5.25V 
2.0 
2.0 
2.0 
V 
Voltage 
(Min) 


VIN(O), Logical 
"0" 
Input 
Vee=4.75V 
0.8 
O.B 
0.8 
V 
Voltage 
(Max) 


IIN(1), Logical 
"1" 
Input 
VIN=5.0V 
0.005 
1 
0.005 
1 
p.A 


Current 
(Max) 


Electrical Characteristics 
The following 
specifications 
apply for Vcc 
= 5 Voc unless otherwise 
specified. 
Boldface 
limits 
apply 
from 
TMIN to TMAX; all other 
limits TA = 
Tj = 
25°C. (Continued) 


ADC0844BCJ 
ADC0844BCN, 
ADC0844CCN 
ADC0844CCJ 


ADC0848BCJ 
ADC0848BCN, 
ADC0848CCN 


ADC0848CCJ 
ADC0848BCV, 
ADC0848CCV 
Limit 
Parameter 
Conditions 
Units 


Typ 
Tested 
Design 
Typ 
Tested 
Design 


Limit 
Limit 
Limit 
Limit 
(Note 
5) 
(Note 
6) 
(Note 
7) 
(Note 
5) 
(Note 
6) 
(Note 
7) 


DIGITAL 
AND DC CHARACTERISTICS 
(Continued) 


IIN(O).Logical 
"0" 
Input 
VIN=OV 
-0.005 
-1 
-0.005 
-1 
",A 
Current 
(Max) 


VOUT(1). Logical 
"1" 
Vcc=4.75V 


Output 
Voltage 
(Min) 
. 
IOUT= -360 
",A 
2.4 
2.8 
2.4 
V 


IOUT=-10",A 
4.5 
4.6 
4.5 
V 


VOUT(O). Logica'''O'' 
Vcc=4.75V 
0.4 
0.34 
0.4 
V 


Output 
Voltage 
(Max) 
IOUT=1.6 
mA 


lOUT. TRI-STATE 
Output 
VOUT=OV 
-0.01 
-3 
-0.01 
-0.3 
-3 
",A 
Current 
(Max) 
VOUT=5V 
0.01 
3 
0 ..01 
0.3 
3 
",A 


ISOURCE. Output Source 
VOUT=OV 
-14 
-6.5 
-14 
-7.5 
-6.5 
mA 


Current 
(Min) 


'SINK. Output 
Sink 
VOUT=VCC 
16 
8.0 
16 
9.0 
8.0 
mA 


Current 
(Min) 


Icc. Supply Current 
(Max) 
CS = 1. VREF Open 
1 
2.5 
1 
2.3 
2.5 
mA 


AC Electrical Characteristics 
The following 
specifications 
apply for Vcc 
= 5Voc. 
tr = tf = 
10 ns unless 


otherwise 
specified. 
Boldface 
limits 
apply 
from 
TMIN to T MAX; all other limits TA = Tj = 25°C. 


Tested 
Design 


Parameter 
Conditions 
Typ 
Limit 
limit 
Units 


(Note 
5) 
(Note 
6) 
(Note 
7) 


te, Maximum 
Conversion 
Time (See Graph) 
30 
40 
60 
",s 


tW(WR). Minimum 
WR Pulse Width 
(Note 11) 
50 
150 
ns 


tACC, Maximum 
Access 
Time (Delay from Falling Edge of 
CL = 
100pF 
145 
225 
ns 


RD to Output 
Data Valid) 
(Note 11) 


t1H. IoH. TRI-STATE 
Control 
(Maximum 
Delay from Rising 
CL = 
10 pF. RL = 
10k 
125 
200 
ns 


Edge of RD to Hi-Z State) 
(Note 11) 


tWI. tRI. Maximum 
Delay from Falling Edge of WR or RD to 
(Note 11) 
200 
400 
ns 
Reset of INTR 


tos. Minimum 
Data Set-Up Time 
(Note 11) 
50 
100 
ns 


tOH, Minimum 
Data Hold Time 
I 
(Note 11) 
0 
50 
ns 


CIN. Capacitance 
of Logic Inputs 
.. ~ 
, 


5 
pF 


GoUT. Capacitance 
of Logic Outputs 
5 
pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specified 
operating 
conditions. 


Note 2: All voltages are measured with respect to the ground pins. 


Note 3: When the input voltage 
(VIN) at any pin exceeds the power supply rails (VIN < V- or VIN > V+) 
the absolute value of the current at that pin should be 
limited to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 


Note 4: Human body model, 100 pF discharged 
through a 1.5 kO resistor. 


Note 5: Typicals are at 25°C and represent 
most likely parametric 
norm. 


Note 6: Tested limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 7: Design limits are guaranteed 
by not 100 % tested. These limits are not used to calculate 
outgoing quality levels. 


Note 8: Total unadjusted 
error includes offset, full-scale, 
linearity, and multiplexer 
error. 


• 


Note 9: For VIN (-) 
2: VIN (+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input. which will forward-conduct 
for analog 


inpul voltages 
one diode drop below ground or one diode drop greeter than Vcc supply. Be careful during tesling 
at low Vcc levels (4.5VJ, as high level analog 


inputs (5V) can cause this input diode to conduct, especially at elevated temperatures, 
and cause errors for analog inputs near full-scale. The spec allows 50 mV 


forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute 0 Voc to 5 Voc input voltage range will therefore require a minimum supply voltage of 4.950 Voc over temperature 
variations, 
initial tolerance 


and loading. 


Note 10: Off channel 
leakage current is measured after the channel selection. 


Note 11: The temperature 
coefficient 
is O.3%rc. 


Typical Performance Characteristics 


Logic Input Threshold 
Output Current vs 
Power Supply Current vs 


Voltage vs Supply Voltage 
Temperature 
Temperature 
. 
E 
1.1 
25 
IYl:ez5 VIle 
2 
w 
_55°e ~ TAS +125°C 
'" 


Vtc35V 
.• 


""" 
c 
1.1 
20 
..::t.~jv 
~ 
1 
i"""o 
1 
~ 
1.5 
... 
~ 
1.1 
il5 
15 
I - 


0 
~e!.,Voe-DVI 
....•• 
1'-00 
! 
II! 
•••• 
::> 
1 
c 
... 
::> 
1"-0 -. 
~ 
1.5 
i 


10 
... 
... 
"" 
~C£-, 
Voe- 2.41V 
E 
i 
0.5 
u 
5 
iil 
u 
IS+v+ZO?! - 
ii~ 
1.3 
0 
0 
UI 
4.11 
1.10 
111 
1.10 
-75-50-250 
25 
50 
75 
100 125 
-75 
-50-25 
0 
25 
50 
75100125 


Vee -IU"LY 
VOLlAGE (Voc) 
TEMPERATURE('C) 
TEMPERATUREI'CI 


Linearity Error vs VREF 
Conversion Time vs VSUPPLY 
1.0 
10 
TA=25'C 
! 
3 
50 


Vtc ~5V 
..• 
40 
I 
• 
.... 
TA=25'C 
;: - 
""'" 
0.5 
(ZEIIOANDfUU-SCALE- - 
I 


30 
! 


ADJUSTED) 
- 
\... 
20 
! 
10 


0 
0 
0 
1 
2 
3 
4 
5 
4.5 
4.75 
5 
5.25 
U 
¥!IEI'IV) 
SUPPl.YVOLWIEIV) 


Conversion Time vs 
UnadJusted Offset Error vs 
Temperature 
VREFVoltage 
50 
14 •.... 
Vcc=5 
J"::;~~IN(~)=O 
, 
12 f- 


3 


40 
•.•... 
! 


Vos-2 
mV 


.JI' ~ 
10 f- .-~ 
..• 
30 
• 
I'" 
'"' • 
;: 


....•~ 
i! 
! 20 
iii 
I 
; 
Iii 
4 
§ 
fO 
!Ii 
2 
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0 
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0 
25 
50 
75 100 125 
0.01 
'.1 
1.' 
5 
TEMPERATUREC'C) 
¥!lEI'(V) 


TL/H/5016-3 


tOH 


VCC 
VCC 


CHANNEL 
VOllME 
SELECT 


911% 
50% 
~":::-=Cr,-~'" 


OUTPUTS 
~ 


GNO 
------- 


GNO 


~ 


OH 


Vec 
--- 
OATA 


OUTPUTS' 
10% 


VOL 


CH2 (ON/OFF) 


CH3 (ON/OFF) 


CH4 (ON /OFF) 


CH5 (ON/OFF)· 


CH6 (ON/OFF)· 


CH7 (ON/OFF)· 


CHI (ON/OFF)· 


CS\ 
/ 
__ r 


Note 
1: Read strobe must occur at least 600 ns after the assertion of interrupt to guarantee 
reset of iNTR. 


Note 2: MA stands for MUX address. 


~\__/ 
\_- 


\__f 
~={-_/ 


------------{ 
DBD-DB7 
}-_ 


READING THE RESULT 
OF THE LAST 
CONVERSION 


CH1 
DGND 


CH2 


LADDER AND DECODER 
START 
CH3 
f/f 


DAC 


CH4 


CH5 
+(-) 


CH6 
SIGN 
SELECT 
SAR LATCH 
CH7 
+(-) 


CHB 


AGND 


r:o 
I\) 
xml 
~ 
MUX 
TRI·STATE' 


DECDDER 
DUTPUT 
LATCHES 
fiii 


"I" 
= DUTPUT 


ENABLE 


DELAY 


MAD 
MUX 
MAl 
ADDRESS 
MA2 
LATCH 
MA3 


MAC 


.LSB 
MSB, 


DIGITAL DUTPUTS 


I 


Functional Description 
The AOC0844 and AOC0848 contain a 4-channel and 8- 
channel analog input multiplexer (MUX) respectively. Each 
MUX can be configured into one of three modes of opera- 
tion 
differential, 
pseudo-differential, 
and 
single 
ended. 
These modes are discussed in the Applications Information 
Section. The specific mode is selected by loading the MUX 
address latch with the proper address (see Table I and Ta- 
ble II). Inputs to the MUX address latch (MAO-MA4) are 
common with data bus lines (OBO-OB4)and are enabled 
when the AD line is high. A conversion is initiated via the cg 
and WR lines. If the data from a previous conversion is not 
read, the INTA line will be low. The falling edge of WA will 
reset the INTA line high and ready the AID for a conversion 
cycle. The rising edge of WA, with AD high, strobes the data 
on the MAO/OBO-MA4/0B4 inputs into the MUX address 
latch to select a new input configuration and start a conver- 
sion. If the AD line is held low during the entire low period of 
WR the previous MUX configuration is retained, and the 
data of the previous conversion is the output on lines OBO- 
OB7. After the conversion cycle (Ie ,;; 40 /-,s),which is set 
by the internal clock frequency, the digital data is trans- 


ferred to the output latch and the ~ 
is asserted low. 


Taking cg and AD low resets INTA output high and outputs 
the conversion result on the data lines (OBO-OB7). 


Applications 
Information 


1.0 MULTIPLEXER 
CONFIGURATION 
The design of these converters utilizes a sampled-data 
comparator structure which allows a differential analog input 
to be converted by a successive approximation routine. 
The actual voltage converted is always the difference be- 
tween an assigned" +..input terminal and a ••-" 
input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned" +..input is less than the 
••-" 
input the converter responds with an all zeros output 


code. 
A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels. The input channels can be 
software configured into three modes: differential, single- 


MUXAddress 
CS 
WR 
RD 


MA3 
MA2 
MAl 
MAO 


X 
L 
L 
L 
L 
H 


X 
L 
L 
H 
L 
U 
H 


X 
L 
H 
L 
L 
H 


X 
L 
H 
H 
L 
H 


L 
H 
L 
L 
L 
H 


L 
H 
L 
H 
L 
U 
H 


L 
H 
H 
L 
L 
H 


L 
H 
H 
H 
L 
H 


H 
H 
L 
L 
L 
H 


H 
H 
L 
H 
L 
U 
H 


H 
H 
H 
L 
L 
H 


X 
X 
X 
X 
L 
U 
L 


X=don't 
care 
4 Single-Ended 


(+) 
(+) 


(+) 
ADCD844 


Channel # 


CHl 
CH2 
CH3 
CH4 
AGND 


+ 
+ 


+ 
+ 
+ 


+ 
+ 


MUX 
Mode 


Pseudo- 
Differential 
+ 


Previous Channel Configuration 


CH1, CHZ { 


CH3, CH4 { 


CH1, CHZ { 


CH3 


CH4 
+ 
ADCD844 


+ 


AOND(-) 


Applications 
Information 
(Continued) 


ended, or pseudo-differential. Figure 
1 shows the three 


modes using the 4-channel MUX ADC0844. The eight inputs 
of the ADC0848 can also be configured in any of the three 
modes. In the differential mode, the ADC0844 channel in- 
puts are grouped in pairs, CH1 with CH2 and CH3 with CH4. 
The polarity assignment of each channel in the pair is inter- 
changeable. The single-ended mode has CH1-CH4 
as· 


signed as the positive input with the negative input being the 
analog ground (AGND) of the device. Finally, in the pseudo- 
differential mode CH1-CH3 are positive inputs referenced 
to CH4 which is now a pseudo-ground. This pseudo-ground 
input can be set to any potential within the input common· 
mode range of the converter. The analog signal conditioning 
required in transducer-based data acquisition systems is 
significantly simplified with this type of input flexibility. One 
converter package can now handle ground referenced in- 
puts and true differential inputs as well as signals with some 
arbitrary reference voltage. 
The analog input voltages for each channel can range from 
50 mV below ground to 50 mV above Vcc (typically 5V) 
without degrading conversion accuracy. 


2.0 REFERENCE 
CONSIDERATIONS 


The voltage applied to the reference input of these convert- 
ers defines the voltage span of the analog input (the differ- 
ence between VIN(MAX)and VIN(MIN) over which the 256 
possible output codes apply. The devices can be used in 
either ratiometric applications or in systems requiring abso- 
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the minimum reference 
input resistance of 1.1 kO. This pin is the top of a resistor 


divider string used for the successive approximation conver- 
sion. 
In a ratiometric system (Figure 28), the analog input voltage 
is proportional to the voltage used for the AID 
reference. 


This voltage is typically the system power supply, so the 
VREFpin can be tied to Vcc. This technique relaxes the 
stability requirements of the system reference as the analog 
input and AID 
reference move together maintaining the 


same output code for a given input condition. 
For absolute accuracy (Figure 
2b), where the analog input 


varies between very specific voltage limits, the reference pin 
can be biased with a time and temperature stable voltage 
source. The LM385 and LM336 reference diodes are good 
low current devices to use with these converters. 


The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di· 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased 
sensitivity 
of 
the 
converter 
(1 
LSB 
equals 


VREF/256). 


3.0 THE ANALOG 
INPUTS 


3.1 Analog 
Differential 
Voltage 
Inputs and Common- 


Mode Rejection 
The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected "+" and "-" 
inputs for a conversion (60 


Hz is most typical). The time interval between sampling the 


TABLE 
II. ADC0848 
MUX Addressing 


MUXAddress 


CS 
WR 
RD 
Channel 
MUX 
MA4 
MA3 
MA2 
MA1 
MAO 
CH1 
CH2 
CH3 
CH4 
CH5 
CH6 
CH7 
CH8 
AGND 
Mode 


X 
L 
L 
L 
L 
L 
H 
+ 
- 
X 
L 
L 
L 
H 
L 
H 
- 
+ 
• 


X 
L 
L 
H 
L 
L 
H 
+ 
- 
X 
L 
L 
H 
H 
L 
1I 
H 
- 
+ 
X 
L 
H 
L 
L 
L 
H 
Differential 
+ 
- 


X 
L 
H 
L 
H 
L 
H 
- 
+ 


X 
L 
H 
H 
L 
L 
H 
+ 
- 


X 
L 
H 
H 
H 
L 
H 
- 
+ 


L 
H 
L 
L 
L 
L 
H 
+ 
- 


L 
H 
L 
L 
H 
L 
H 
+ 
- 
L 
H 
L 
H 
L 
L 
H 
+ 
... 
- 


L 
H 
L 
H 
H 
L 
1I 
H 
+ 
- 


L 
H 
H 
L 
L 
L 
H 
+ 
- 
Single-Ended 


L 
H 
H 
L 
H 
L 
H 
+ 
- 
L 
H 
H 
H 
L 
L 
H 
+ 
- 


L 
H 
H 
H 
H 
L 
H 
+ 
- 


H 
H 
L 
L 
L 
L 
H 
+ 
- 


H 
H 
L 
L 
H 
L 
H 
+ 
- 


H 
H 
L 
H 
L 
L 
H 
+ 
'-' 
- 


H 
H 
L 
H 
H 
L 
1I 
H 
+ 
Pseudo- 
- 


H 
H 
H 
L 
L 
L 
H 
+ 
Differential 
.' 
- 
H 
H 
H 
L 
H 
L 
H 
+ 
- 
H 
H 
H 
H 
L 
L 
H 
+ 
- 


X 
X 
X 
X 
X 
L 
1I 
L 
Previous Channel Configuration 


2-233 


Applications Information 
(Continued) 


..+..input and then the" -" 
inputs is '12 of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 


VERROR(MAX)=Vpeak(21T fCM)XO.5X (~) 


where fCM is the frequency of the common-mode signal, 
Vpeakis its peak voltage value and Ie is the conversion time. 


For a 60 Hz common-mode signal to generate a 'I. LSB 
error (::::5 mY) with the converter running at 40 ,..S,its peak 
value would have to be 5.43V. This large a common-mode 
signal is much greater than that generally found in a well 
designed data acquisition system. 


3.2 Input Current 
Due to the sampling nature of the analog inputs, short dura- 
tion spikes of current enter the" +..input and exit the" -" 
input at the clock edges during the actual conversion. These 
currents decay rapidly and do not cause errors as the inter- 
nal comparator is strobed at the end of a clock period. By- 
pass capacitors at the inputs will average these currents 
and cause an effective DC current to flow through the out- 
put resistance of the analog signal source. Bypass capaci- 
tors should not be used if the source resistance is greater 
than 1 kfi. 


3.3 Input Source Resistance 


The limitation of the input source resistance due to the DC 
leakage currents of the input multiplexer is important. A 
worst-case leakage current of ± 1 ,..Aover temperature will 
create a 1 mV input error with a 1 kfi source resistance. An 
op amp RC active low pass filter can provide both imped- 
ance buffering and noise filtering should a high impedance 
signal source be required. 


1 
I y~JJ 


Ycc 


CK1(+1 


£H21+) 


£H3(+) 


CH4(+1 


Ctt5(+) 
AOCOI4I 


CH6(+) 


~ ~ 


£H7(+1 


CH8(+) 
I 


- MHD 
I~ 


4.0 OPTIONAL ADJUSTMENTS 


4.1 Zero Error 
The zero of the AID does not require adjustment. If the 
minimum analog input voltage value, VIN(MIN).is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any VIN (-) 
input at this VIN(MIN)value. This is 


useful for either differential or pseudo-differential modes of 
input channel configuration. 


The zero error of the AID converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V- 
input and applying a small mag- 


nitude positive voltage to the V+ input. Zero error is the 
difference between actual DC input voltage which is neces- 
sary to just cause an output digital code transition from 0000 
0000 to 0000 0001 and the ideal '12 LSB value ('12 LSB= 9.8 
mV for VREF= 5.000 Voc). 


4.2 Full-Scale 
The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 '12 LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the VREFinput for a digital output code changing 
from 1111 1110 to 1111 1111. 


4.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 
If the analog zero voltage of the AID is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A VIN (+) 
voltage which 


equals this desired zero reference plus '12 LSB (where the 
LSB is calculated for the desired analog span. 1 LSB = 
analog span/256) is applied to selected "+" input and the 
zero reference voltage at the corresponding "-" 
input 


should then be adjusted to just obtain the OOHEXto 01HEX 
code transition. 


Yee 


CH1(+1 


CH2(+) 
VREF 


C"3(+) 


C"I+I 
ADC084.! 


C"5{+1 
C"6(+1 
C"71+1 


CH81+) 


Applications 
Information 
(Continued) 


The full-scale 
adjustment 
should 
be made 
[with the proper 


VIN (-) 
voltage 
applied) 
by forcing 
a voltage 
to the VIN (+) 


input which 
is given 
by: 


. 
[(VMAX-VMIN)] 
VIN(+)fsadJ=VMAX 
-1.5 
256 


where 
VMAX=the 
high end of the analog 
input range 
and 


VMIN = the 
low end 
(the offset 
zero) 
of the 
analog 
range. 


(Both 
are ground 
referenced.) 


The 
VREF (or Vccl 
voltage 
is then 
adjusted 
to provide 
a 


code change 
from FEHEX to FFHEX. This completes 
the ad- 


justment 
procedure. 


For an example 
see the Zero-Shift 
and Span Adjust 
circuit 


below. 


Zero-Shift 
and Span Adjust 
(2V S; VIN S; 5V) 


vcc 
15VDC) 


V,N(+) 
VCC 


VIM 
+ 


~l'.F 


ADCD144 


V'MH 
V"EF 


SETS 
ZERO 
CDDE VDLTAGE 


(2V) 
J3D 


Ii 
2.n 
2VDC 
'=' 
2E"D ADJ 


'=' 


-----, 
I 
I 
I 
I 


LII3l1·2.5 
I 
I 
_J 


VREF 


AOC0844 


Span Adjust OV,,;VIN,,;3V 


Vcc 
(SVocl 


VINI+) 
Vcc 


VIN 
+ 


'=' 


~'0"F 


AOC0848 


10 


VINI-I 
VREF 


'=' 


Vcc 
(5 V10 


High Accuracy 
Comparators 


5Y 


YCC 


CH1(+) 


CH2H 


CH3(+) 
SYSTEM 
TEST 
CH4H 
POINTS 
CH5(+) 
AOC0848 


CH6(-) 


CHT!+) 


CH8(-) 


DO = all 1. if VIN(+»VIN(-) 


DO = all 0. 
if VIN(+)<VIN(-) 


Operating 
with Automotive 
Ratlometrlc 
Transducers 


vcc 


{5Voc' 


·VIN(-)-O.15 
Vee 


15% of Vee"VXDR"S5% 
of Vee 
• 


- ...........• -.......- ............... 


5V 
5V 


(201 24 
(8) 11 
NSL5027 
(8 PLI 
Vec 
VREF 
Uk 
rJ 


(9) 13 
(8 PLI 
D87 
Dl 


(11114 
rJ 


D86 
D2 
02 


(121'5 
rJ 


D85 
D3 
03 


(13)16 
rJ 


MA4/D84 
D4 
04 
D.U.T. 
MM74C374 
rJ 


(14117 
13 
12 
MA3/D83 
DS 
05 


(15118 
14 
15 
rJ 


MA2IDB2 
D6 
D6 


(16119 
17 
16 
rJ 


MA1/D81 
D7 
07 


(1712D 
18 
19 
rJ 


MAD/D8D 
D8 
08 


S.lk 
S.lk 
S.lk 
S.lk 
S.lk 


MA4 
12 
INS 


IN4 
lD 


CS·'W'R" will update the channel 
configuration 
and start a conversion. 


CS-RD 
will read the conversion data and start a new conversion 
without updat- 
ing the channel 
configuration. 


Waiting for the end of this conversion 
is not necessary. 
A CS-WR 
can immedi· 
ately follow the CSoRD. 


5V 
C0 


40 
0 
CO 


Vee 
~ 
CO 


080 
12 
17 


08D/MAO 


081 
13 
16 
081/MA1 


082 
14 
15 
0821MA2 
15 
14 
083 
083/MA3 
16 
13 
084 
084 
17 
12 
085 
085 
INS8039 
18 
11 
OB6 
OB6 


087 
19 
087 


WI1 
19 
WI1 
iiii 
10 
1 
iiii 


PlO 
2 
CS 
27 
18 


INTR 
Pl1 


0000 
0410 


0010 
B9FF 


0012 
B820 


0014 
89FF 


0016 
2300 


0018 
1450 


001A 
2302 


001C 
18 


0010 
1450 


0050 
99FE 
CONV: 


0052 
91 


0053 
09 
LOOP: 


0054 
3253 


0056 
81 


0057 
8901 


0059 
AO 


005A 
83 


MOV 
RO,#20H 


ORL 
P1,#OFFH 


MOV 
A,OOH 


CALL 
CONV 


MOV 
A,#02H 


INC 
RO 


CALL 
CONV 


;START 
PROGRAM 
AT ADDR 
10 


;MAIN PROGRAM 


;LOAD R1 WITH A UNUSED 
ADDR 


;LOCATION 
;AlD DATA ADDRESS 


;SET PORT 1 OUTPUTS 
HIGH 


;LOAD THE ACC WITH AID 
MUX DATA 


;CH1 AND CH2 DIFFERENTIAL 


;CALL THE CONVERSION 
SUBROUTINE 


;LOAD THE ACC WITH AID 
MUX DATA 


;CH3 AND CH4 DIFFERENTIAL 


;INCREMENT 
THE AID 
DATA ADDRESS 


;CALL THE CONVERSION 
SUBROUTINE • 


SAMPLE 
PROGRAM 
FOR ADC0844-INS8039 
INTERFACE 
CONVERTING 
TWO RATIOMETRIC, 
DIFFERENTIAL 
SIGNALS 


ORG 
OH 


JMP 
BEGIN 


ORG 
10H 


MOV 
R1,#OFFH 


;CONVERSION 
SUBROUTINE 


;ENTRY:ACC-AID 
MUX DATA 


;EXIT: ACC-CONVERTED 
DATA 


ORG 


ANL 


MOVX 


IN 


JB1 


MOVX 


ORL 


MOV 


RET 


50H 


P1,#OFEH 


@R1,A 


A,P1 


LOOP 
A,@R1 


P1,&01H 


@RO,A 


;CHIP SELECT THE AID 


;LOAD AID 
MUX & START 
CONVERSION 


;INPUT INTR STATE 


;IF INTR = 1 GOTO 
LOOP 


;IF INTR = 0 INPUT AID 
DATA 


;CLEAR THE AID 
CHIP SELECT 


;STORE THE AID 
DATA 


;RETURN 
TO MAIN PROGRAM 


I/O 
Interface 
to NSC800 


vcc 
VREF 
5V 
5V 


ADCD848 


MAD/DBD 


CHI( +) ~~:g:~ 


CH2( +1 
MA3/DB3 


CH3( +) 
MA4/g:~ 


CH4( +1 
DB6 


CN5( +1 
DB7 


CH6(+) 


CH7(+) 


CH8(+) 


AGND 


SAMPLE 
PROGRAM 
FOR ADC0848-NSC800 
INTERFACE 


NCONV 


DEL 
CS 


ADDTA 


EQU 
16 


EQU 
15 
;DELAY 
50 ",sec CONVERSION 


EQU 
1FH 
;THE BOARD 
ADDRESS 


EQU 
OOSCH 
;START 
OF RAM FOR AID 


;OATA 


DB 
OSH,09H,OAH,OBH 
;MUXDATA 


DB 
OCH,ODH,OEH,OFH 


LD 
C,CS 


LD 
B,NCONV 


LD 
HL,MUXDTA 


LD 
DE,ADDTA 


OUTI 
;LOAD AID'S 
MUX DATA 


;AND START 
A CONVERSION 


EX 
DE,HL 
;HL = RAM ADDRESS 
FOR THE 


;AlDDATA 


LD 
A,DEL 


DEC 
A 
;WAIT 50 ",sec FOR THE 


JP 
NZ,WAIT 
;CONVERSION 
TO FINISH 


INI 
;STORE THE AID'S 
DATA 


;CONVERTED 
ALL INPUTS? 


EX 
DE,HL 


JP 
NZ,STCONV 
;IF NOT GOTO STCONV 


OOOS 


OOOF 


001F 


SCOO 


0000' 
OS090AOB 


0004' 
OCODOEOF 


OOOS' 
OE1F 


OOOA' 
0616 


OOOC' 
210000' 


OOOF' 
1100SC 


0012' 
EDAS 


0014' 
EB 


0015' 
SEOF 


0017' 
SO 


001S' 
C2001S' 


001B' 
EDA2 


0010' 
EB 


001E' 
C2000E' 


END 
Note: 
This routine sequentially 
programs the MUX data latch in the signal·ended 
mode. For CH1·CH8 
a conversion 
is started. then a 50 ~s wait for the AID to 


complete 
a conversion 
and the data is stored at address ADOTA for CH1, ADDTA 
+ 1 for CH2, etc. 


Temperature 
Total Unadjusted 
Error 
MUX 
Package 


Range 
±Y. LSB 
±1 
LSB 
Channels 
Outline 


ADC0844BCN 
4 
N20A 


O·Cto 
+70·C 
ADC0844CCN 
Molded 
Dip 


ADC0848BCN 
8 
N24C 


ADC0848CCN 
Molded 
Dip 


ADC0844BCJ 
4 
J20A 


ADC0844CCJ 
Cerdip 


-40·Cto 
+85·C 
ADC0848BCJ 
8 
J24F 


ADC0848CCJ 
Cerdip 


ADC0848BCV 
8 
V28A 


.. 
ADC0848CCV 
Molded 
Chip Carrier 


• 


t!JNational 
Semiconductor 


ADC08521ADC0854 
Multiplexed Comparator with 8-Bit Reference Divider 


General Description 
The ADC0852 and ADC0854 are CMOS devices that com- 
bine a versatile analog input multiplexer, voltage compara- 
tor, and an 8-bit DAC which provides the comparator's 
threshold voltage (VTH).The comparator provides a "1-bit" 
output as a result of a comparison between the analog input 
and the DAC's output. This allows for easy implementation 
of set-point, on-off or "bang-bang" 
control systems with 


several advantages over previous devices. 
The ADC0854 has a 4 input mUltiplexerthat can be software 
configured for single ended, pseudo-differential, and full-dif- 
ferential modes of operation. In addition the DAC's refer- 
ence input is brought out to allow for reduction of the span. 
The ADC0852 has a two input multiplexer that can be con- 
figured as 2 single-ended or 1 differential input pair. The 
DAC reference input is internally tied to Vcc. 
The multiplexer and 8-bit DAC are programmed via a serial 
data input word. Once programmed the output is updated 


once each clock cycle up to a maximum clock rate of 
400 kHz. 


Features 
• 
2 or 4 channel multiplexer 
• 
Differential or Single-ended input, software controlled 


• 
Serial digital data interlace 
• 
256 programmable reference voltage levels 
• 
Continuous comparison after programming 
• 
Fixed, ratiometric, or reduced span reference capability 
(ADC 0854) 


Key Specifications 
• 
Accuracy, ± '12 LSB or ± 1 LSB of Reference (0.2%) 


• 
Single 5V power supply 
• 
Low Power, 15 mW 


TL/H/5521-1 
FIGURE 1.ADC0854 Simplified Block Diagram (ADC0852 has 2 Input channels, 
COM tied to GND, VREFtied to Vcc, V+ omitted, and one GND connection) 


ADC0852 2-CHANNEL MUX 
Dual-In-Llne Package 
ADC0854 4-CHANNEL MUX 
Dual-ln-L1ne Package 


CS 
1 


CHO 
2 


CHI 
3 


GNo (COW) 
4 


8 
Vcc (VREF) 


7 
ClK 
ADC0852 
6 
DO 


5 
01 


AGND and COM internally connected 
to GND 


VREF internally connected 
to Vcc 


Order Number ADC0852 
see NS Package Number N08E 


CS 
1 
14 
Vcc 


CHO 
2 
13 
y+ 


CHI 
3 
12 
01 


CH2 
4 
ADe0854 
11 
ClK 


CH3 
5 
10 
DO 


COW 
6 
9 
VREF 


DGNo 
7 
8 
ACNo 


TLIH/5521-11 


Top View 


Order Number ADC0854 
See NS Package Number N14A 


Absolute Maximum Ratings (Notes 
1 and 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Lead Temp. 
(Soldering, 
10 seconds) 


please 
contact 
the 
National 
Semiconductor 
sales 
Dual-In-Line 
Package 
(plastic) 
2600C 
Office/Distributors 
for 
availability 
and 
specifications. 
ESD Susceptibility 
(Note 14) 
2000V 
Current 
into V+ 
(Note 3) 
15mA 


Supply Voitage, 
Vcc 
(Note 3) 
6.5V 
Operating Conditions 


Voltage 
Suppiy Voltage, 
Vcc 
4.5Voc 
to 6.3Voc 
Logic and Analog 
Inputs 
- 0.3V to Vcc 
+ 0.3V 
Temperature 
Range 
TMIN s: TA s: TMAX 
Input Current 
per Pin 
±5mA 
ADC0854CCN, 
ADC0852CCN 
O·C s: TA s: 70·C 
Input Current 
per Package 
±20mA 


Storage 
Temperature 
- 65·C to + 150·C 


Package 
Dissipation 
at TA = 25·C (Board Mount) 
0.8W 


Electrical Characteristics 
The following 
specifications 
apply for Vcc = V+ 
= 5V (no V+ 
on ADC0852). 
VREF s: Vcc 
+ 0.1 V. fCLK = 250 kHz unless otherwise 
specified. 
Boldface 
limits 
apply 
from 
TMIN to TMAX; all other 
limits TA 
= TJ = 25·C. 


I 
ADC0852CCN 
ADC0854CCN 


Parameter 
Conditions 
Tested 
Design 
Units 


Typ 
Limit 
Limit 
(Note 
4) 
(Note 
5) 
(Note 
6) 


CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 


Total Unadjusted 
VREF Forced 
to 
. 
, 


Error (Note 7) 
5.000Voc 


ADC0852/4/CCN 
±1 
±1 
'LSB 


Comparator 
Offset 
ADC0852/4/CCN 
- 
2.5 
20 
mV 


Minimum 
Totai 
Ladder 
ADC0854 


Resistance 
(Note 15) 
3.5 
1.3 
1.3 
kO 


Maximum 
Total Ladder 
ADC0854 


Resistance 
(Note 15) 
3.5 
5.4 
5.9 
kO 


Minimum 
Common-Mode 
All MUX Inputs 


input (Note 8) 
and COM Input 
GND-0.05 
GND-0.05 
V 


Maximum 
Common-Mode 
All MUX Inputs 


Input (Note 8) 
and COM Input 
Vcc 
+ 0.05 
VCC 
+ 0.05 
V 


DC Common-Mode 
Error 
±'I16 
±y. 
±y. 
LSB 


Power Supply Sensitivity 
Vcc = 5V ±5% 
±'I16 
±y. 
±y. 
LSB 


Vz, Internal 
15mAintoV+ 


diode 
MIN 
6.3 
V 
breakdown 
MAX 
8.5 
V 
at V+ 
(Note 3) 


'OFF, Off Channel 
Leakage 
On Channel 
= 5V, 
-1 
I-'A 
Current 
(Note 9) 
Off Channel = OV 
-200 
nA 


On Channel 
= OV, 
+1 
I-'A 


Off Channel 
= 5V 
+200 
nA 
• 


Electrical Characteristics 
(Continued) 


The following 
specifications 
apply 
for Vcc 
= V+ 
= 5V (no V+ 
on ADC0852). 
fClK = 250 kHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
from 
T MIN to T MAX: all other 
limits TA = TJ = 25°C. 


ADC0852CCN 


" 
ADC0854CCN 


Parameter 
Conditions 
Tested 
Design 
Units 


Typ 
Limit 
Limit 
(Note 
4) 
(Note 
5) 
(Note 
6) 


CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 
(Continued) 


ION. On Channel 
Leakage 
On Channel 
= 5V. 
+1 
/LA 
Current 
(Note 9) 
Off Channel = OV 
+200 
nA 


On Channel = OV. 
-1 
/LA 


Off Channel 
= 5V 
-200 
nA 


DIGITAL 
AND DC CHARACTERISTICS 


VIN(1). Logical 
"1" 
Input 
Vcc = 5.25V 
2.0 
2.0 
V 


Voltage 


VIN(O). Logical 
"0" 
Input 
Vcc = 4.75V 
0.8 
0.8 
V 


Voltage 
r 


IIN(1). Logical 
"1" 
Input 
VIN = Vcc 
0.005 
1 
1 
/LA 
Current 


'IN(O). Logical 
"0" 
Input 
VIN = OV 
-0.005 
-1 
-1 
/LA 
Current 


VOUT(1). Logical 
"1" 
Output 
Vcc = 4.75V 


Voltage 
lOUT = -360/LA 
2.4 
2.4 
V 


lOUT = -10/LA 
4.5 
4.5 
V 


VOUT(O). Logical 
"0" 
Output 
lOUT = 1.6 mA, 


Voltage 
Vcc = 4.75V 
0.4 
0.4 
V 


lOUT. TRI-STATE<I!> Output 
~ 
= Logical 
"1" 


Current 
(DO) 
VOUT = 0.4V 
-0.1 
-3 
-3 
/LA 


VOUT = 5V 
0.1 
3 
3 
/LA 


'SOURCE 
, 
, 


VOUT Short to GND 
-14 
-7.5 
-&.5 
mA 


ISINK 
VOUT Short to VCC 
16 
9.0 
8.0 
mA 


Ice Supply Current 
Includes 
DAC 


ADC0852 
Ladder Current 
2.7 
6.5 
&.5 
mA 


Icc Supply Current 
Does not Include 
DAC 


ADC0854 
(Note 3) 
Ladder Current 
0.9 
2.5 
2.5 
mA 


AC Characteristics 
tr = tf = 20 ns, TA = 2S"C 
. 


Typ 
Tested 
Design 


Symbol 
Parameter 
Conditions 
(Note 
4) 
Limit 
Limit 
Units 


(NoteS) 
(Note 
6) 


fCLK 
Clock Frequency 
MIN 
I 
10 
kHz 


(Note 12) 
MAX 
400 
kHz 


tD1 
Rising Edge of Clock 
CL = 100 pF 
6S0 
1000 
ns 


to "DO" 
Enabled 


tr 
Comparator 
Response 
Not Including 
2 + 1/"s 
1/fCLK 


Time (Note 13) 
Addressing 
Time 


I 
Clock Duty Cycle 
MIN 
. 


40 
% 


(Note 10) 
MAX 
-' 
60 
% 


tSET-UP 
CS Falling Edge or 
MAX 
2S0 
ns 


Data Input Valid to 


ClK 
Rising Edge 


tHOLD 
Data Input Valid after 
MIN 
90 
ns 


ClK 
Rising Edge 
- ~ 


tpd1, tpdO 
ClK 
Falling 
Edge to 
MAX 
CL = 100 pF 
·r 
6S0 
1000 
ns 


Output 
Data Valid 


(Note 11) 


t1H,loH 
Rising Edge of CS to 
MAX 
CL = 10 pF, RL = 10k 
12S 
2S0 
ns 


Data Output 
Hi-Z 
CL = 100 pF, RL = 2k 
SOO 
SOO 
ns 


(see TRI-STATE 
Test Circuits) 


CIN 
Capacitance 
of logic 
S 
= 
pF 


Input 
~- 
L 


COUT 
Capacitance 
of logic 


0' 


S 
pF 


Outputs 


Note 
1: Absolute 
Maximum 
Ratings 
indicate 
limits beyond which damage 
to the device 
may occur. 
DC and AC electrical 
specifications 
do not apply when 
operating 
the device beyond its specified 
operating 
conditions. 


Note 2: All Yottages are measured with respect to ground. 


Note 3: Internal zener diodes (approx. 7V) are connected 
from V + to GND and Vcc to GND. The zener at V+ can operate as a shunt regulator and is connected 
to Vcc via a conventional 
diode. Since the zener voltage equals the AID's 
breakdown 
voltage, the diode ensures that Vcc will be below breakdown 
when the 
device is powered from V+. Functtonality 
is therefore 
guaranteed for V + operation even though the resultant voltage at Vee may exceed the specified Absolute 
Max of 6.5V. It is recommended 
that a resistor be used to limit the max current into V+. 


Note 4: Typicals are at 25°C and represent 
most likely parametric 
norm. 
Nole 5: Testedand guaranteedto NationalAOQl (AverageOutgoingQualitylevel). 


Note 6: Guaranteed, 
but not 100% production 
tested. These limits are not used to calculate 
outgoing quality levels. 


Note 7: Total unadjusted 
error includes comparator 
offset. DAC linearity, and multiplexer 
error. It is expressed 
in LSBs of the threshold 
DAC's input code. 


Note 8: For VIN( -)~ 
VIN( +) the output will be O.Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward conduct for analog input 
voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), as high level analog inputs 
(5V) can cause this input diode to conduct-especially 
at elevated temperatures, 
and cause errors for analog inputs near full-scale. The spec allows 50 mV forward 
bias of either diode. This means that as long as the analog VIN or VREF does not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute 0 Voc to 5 Voc input voltage range will therefore require a minimum supply voltage of 4.950 Voc over temperature 
variations, 
initial tolerance 
and loading. 


Note 9: Leakage current is measured with the clock not switching. 


Note 10: A 40% to 60% clock duty cycle range ensures proper operation at all clock frequencies. 
In the case that an available clock has a duty cycle outside of 
these limitsthen 1.6 p.S " ClK low" 
60 p.S and 1.6 p.S " ClK HIGH " 
00. 


Note 11: With ~ 
low and programming 
complete, 
DO is updated on each falling CLK edge. However, each new output is based on the comparison 
completed 
0.5 
clock cyclesprior (see Figure 5). 


Note 12: Error specs are not guaranteed 
at 400 kHz (see graph: Comparator 
Error vs. feud. 
Nole 13: Seelext, section 1.2. 
Nole 14:Humanbody model,100 pF dischargedlhrougha 1.5 kn resistor. 


Note 
15: Because 
the reference 
ladder of the ADC0852 
is internally connected 
to Vcc, 
ladder resistance 
cannot be directly tested for the ADC0852. ladder 
current is included in the ADC0852's 
supply current specification. 
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Internal DAC Linearity 
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Timing Diagrams 
. 


Data Input Timing 


ell 


CLK 11 


01 12 


NOTE1 


I'IlRALLEL 
XFR TO 
UTCH 


ANALOG 
MUX 


(MUX 
CODE 0, 0, 0) 


TO 


INPUTF 
INTERNAL 
1 
CIRCUITS 
11 
BV",3OV 


12 


Note 
1: For ADC0852; 
01 is input direcUy to the 0 input of 
ODD/SIGN, 
select: is forced to a "1", 
A<lNO and COM are inter- 
nally tied to DGNO, only Vcc 
is brought out, VREF is internally 
tied to VCC' only CH2 and CH3 are brought out. 


T 
o IIN0"'J., 
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11 
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13 
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ClK 
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DO 
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r\> 
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CD 


ADCD852 


DO 
TRI·STATE 
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Functional Description 


1.1 The S8mpled-data 
Comparator 


The 
ADC0852 
and 
ADC0854 
utilize 
a sampled-data 
com- 


parator 
structure 
to compare 
the analog 
difference 
between 


a selected 
••+ •• and 
"-" 
input 
to an 8-bit 
programmable 


threshold. 


This comparator 
consists 
of a CMOS 
inverter 
with a capaci- 


tively coupled 
input (Figure 4). Analog 
switches 
connect 
the 


two comparator 
inputs 
to the input capacitor 
and also con- 


nect 
the 
inverter's 
input 
and 
output. 
This 
device 
in effect 


now has one differential 
input 
pair. A comparison 
requires 


two cycles, 
one for zeroing 
the comparator 
and another 
for 


making 
the comparison. 


In the first cycle (Figure 4a), one input switch 
and the invert- 


er's 
feedback 
switch 
are closed. 
In this 
interval, 
the 
input 


capacitor 
(C) is charged 
to the connected 
input (V1) less the 


inverter's 
bias voltage 
(VB, approx. 
1.2 volts). 
In the second 


cycle 
(Figure 
4b) these 
two 
switches 
are opened 
and the 


other 
(V2) input's 
switch 
is closed. 
The input capacitor 
now 


subtracts 
its stored 
voltage 
from 
the second 
input and the 


difference 
is amplified 
by the inverter's 
open 
loop gain. The 
C 


inverter 
input (VB') becomes 
VB - 
(V1 - 
V2) C + Cs and 


the output 
will go high or low depending 
on the sign of VB'· 


VB· 


"j,'~. 
•--o--Y I 


• 
Vo = VB 


• 
VonC 
= Vl-VB 


• 
Cs = Stray Input Node Cap . 


• 
VB = Inverter 
Input Bias Voltage 


Vl-P),~.O 


V2~ 
'I 
cs 


A 


VJN(+)Vl-,o-~._t 


VJN(-IV2-?Y 


A 


·VTH(-) V3~_JC2 


·VTH(+)V4-?Y 


C 
• 
VB,-VB 
= (V2-Vl)-- 
C+Cs 


-A 
• 
Vo = --[CV2-CV1] 


C+ 
Cs 


• 
Vo is dependent 
on V2-Vl 


-A 
Vo = ----- 
[Cl 
(V2 - 
Vl) 
+ C2 (V4 - 
V3)] 


Cl 
+ C2 + Cs 


- A 
[ll Q Cl 
+ II Q C2] 


Cl 
+ C2 + Cs 


Functional Description 
(Continued) 


In actual practice, the devices used in the AOC0852/4 are a 
simple but important expansion of the basic comparator de- 
scribed above. As shown in Figure 
4c, multiple differential 


comparisons can be made. In this circuit, the feedback 
switch and one input switch on each capacitor (A switches) 
are closed in the first cycle. Then the other input on each 
capacitor is connected while all of the first switches are 
opened. The change in voltage at the inverter's input, as a 
result of the change in charge on each input capacitor (Cl, 
C2), will now depend on both input signal differences. 


1.2 Input Sampling and Response Time 


The input phases of the comparator relate to the device 
clock (ClK) as shown in Figure 5. Because the comparator 
is a sampling device, its response characteristics are some- 
what different from those of linear comparators. The VIN(+) 
input is sampled first (ClK high) followed by VIN(-) 
(ClK 


low). The output responds to those inputs, one half cycle 
later, on ClK's falling edge. 


The comparator's response time to an input step is depen- 
dent on the step's phase relation to the ClK signal. If an 
input step occurs too late to influence the most imminent 
comparator decision, one more ClK cycle will pass before 
the output is correct. In effect, the response time for the 
VIN(+) input has a minimum of 1 ClK cycle + 1 fLSand a 
maximum of 2 ClK cycles + 1 fLS.The VIN(-) input's delay 
will range from 1/2 ClK cycle + 1 fLSto 1.5 ClK cycles + 
1 fLSsince it is sampled after VIN(+). 
The sampled inputs also affect the device's response to 
pulsed signals. As shown in the shaded areas in Figure 
5, 
pulses that rise and/or fall near the latter part of a ClK half- 
cycle may be ignored. 


1.3 Input Multiplexer 
A unique input multiplexing scheme has been utilized to pro- 


vide mUltiple analog channels with software-configurable 
single-ended, differential, or pseudo-differential operation. 
The analog signal conditioning required in transducer-input 
and other types of data acquisition systems is significantly 
simplified with this type of input flexibility. One device pack- 
age can now handle ground referenced inputs as well as 
signals with some arbitrary reference voltage. 
On the AOC0854, the "common" pin (pin 6) is used as the 
" -" 
input for all channels in single-ended mode. Since this 


input need not be at analog ground, it can be used as the 
common line for pseudo-differential operation. It may be tied 
to a reference potential that is common to all inputs and 
within the input range of the comparator. This feature is 
especially useful in single-supply applications where the an- 
alog circuitry is biased to a potential other than ground. 


A particular input configuration is assigned during the MUX 
addressing sequence which occurs prior to the start of a 
comparison. The MUX address selects which of the analog 
channels is to be enabled, what the input mode will be, and 
the input channel polarity. One limitation is that differential 
inputs are restricted to adjacent channel pairs. For example, 
channel 0 and 1 may be selected as a differential pair but 
they cannot act differentially with any other channel. 


The channel and polarity selection is done serially via the 01 
input. A complete listing of the input configurations and cor- 
responding MUX addresses for the AOC0852 and AOC0854 
is shown in tables I and II. Figure 6 illustrates the analog 
connections for the various input options. 
The analog input voltage for each channel can range from 
50 mV below ground to 50 mV above Vcc (typically 5V) 
without degrading accuracy. 


B V,N(_I AND YrH( + 1SAMPlfD 


VIN( +) AND YrH( _I FDR 
NEXT CDMPARISDN 


D 
DUTPUT UPOATED 
BASED ON A AND B 


E 
VIN(_IANDYrH(+IFDR 
NEXT CDMPARISON 


DUTPUT BASED 
ON C AND E 


SAMPLING 
UNCERTAINTY 
FDR TRANSIENTST 
LSAMPLING 
UNCERTAINTY 
FOR TRANSIENTS 
DN VIN! + 1 INPUT DURING THIS TIME 
DN VIN(_ I INPUT DURING THIS TIME 


TABLE I. MUX Addressing: AOC0854 
Single-Ended MUX Mode 


MUXAddress 
Channel 


SGLI 
0001 
SELECT 
0 
1 
2 
3 
COM 
OIF 
SIGN 


1 
0 
0 
+ 
- 


1 
0 
1 
+ 
- 


1 
1 
0 
+ 
- 


1 
1 
1 
+ 
- 


MUXAddress 
Channel 


SGLI 
0001 
SELECT 
0 
1 
2 
3 
OIF 
SIGN 


0 
0 
0 
+ 
- 


0 
0 
1 
+ 
- 


0 
1 
0 
- 
+ 


0 
1 
1 
- 
+ 


+(-) 


-(+) 


+(-) 


-(+) 


TABLE II. MUX Addressing: AOC0852 


Single Ended MUX Mode 


MUXAddress 
Channel 


SGLI 
0001 
0 
1 
OIF 
SIGN 


1 
0 
+ 


1 
1 
+ 


COM is internally tied to A GND 


Differential MUX Mode 


MUXAddress 
Channel 


SGLI 
0001 
0 
1 
OIF 
SIGN 


0 
0 
+ 
- 


0 
1 
- 
+ 


Functional Description 
(Continued) 


2.0 THE DIGITAL 
INTERFACE 


An important 
characteristic 
of the AOC0652 
and AOC0654 
is their serial data link with the controlling 
processor. 
A seri- 
al communication 
format 
eliminates 
the transmission 
of low 
level analog 
signals 
by locating 
the comparator 
close to the 
signal source. 
Thus only highly noise immune 
digital 
signals 
need to be transmitted 
back to the host processor. 


To understand 
the operation 
of these 
devices 
it is best to 
refer to the timing 
diagrams 
(Figure 3) and functional 
block 
diagram 
(Figure 
2) while 
following 
a complete 
comparison 
sequence. 


1. A comparison 
is initiated 
by first pulling 
the CS (chip se- 
lect) 
line low. This 
line must be held low for the entire 
ad- 
dressing 
sequence 
and comparison. 
The comparator 
then 
waits for a start 
bit, its MUX assignment 
word, 
and an 6-bit 
code 
to set the internal 
OAC which 
supplies 
the compara- 
tor's 
threshold 
voltage 
(VTH). 


2. An external 
clock 
is applied 
to the CLK input. This clock 
can be applied 
continuously 
and need not be gated 
on and 
off. 


3. On each rising edge of the clock, the level present 
on the 
01 line is clocked 
into the MUX address 
shift 
register. 
The 
start 
bit is the first 
logic 
"1" 
that 
appears 
on this 
line. All 
leading 
zeroes 
are ignored. 
After the start bit, the AOC0652 
expects 
the 
next 
2 bits to 
be the 
MUX 
assignment 
word 
while 
the 
ADC0654, 
with 
more 
MUX 
configurations, 
looks 
for 3 bits. 


4. Immediately 
after 
the 
MUX 
assignment 
word 
has been 
clocked 
in, the shift register 
then reads the next eight bits as 
the 
input 
code 
to the 
internal 
OAC. This 
eight 
bit word 
is 
read LSB first and is used to set the voltage 
applied 
to the 
comparator's 
threshold 
input (internal). 


5. After the rising edge of the 11th or 12th clock 
(AOC0652 
or AOC0654 
respectively) 
following 
the 
start 
bit, the com- 
parator 
and OAC programming 
is complete. 
At this point the 
01 line is disabled 
and 
ignores 
further 
inputs. 
Also 
at this 
time 
the data 
out 
(DO) line comes 
out of TRI-STATE 
and 
enters 
a don't 
care 
state 
(undefined 
output) 
for 
1.5 clock 
cycles. 


6. The 
result 
of the comparison 
between 
the programmed 
threshold 
voltage 
and the 
difference 
between 
the two 
se- 
lected 
inputs 
(VIN (+)-VIN 
(-)) 
is output 
to the DO line on 
each subsequent 
high to low clock 
transition. 


7. After 
programming, 
continuous 
comparison 
on the same 
selected 
channel 
with the same programmed 
threshold 
can 


be done 
indefinitely, 
without 
reprogramming 
the device, 
as 
long as CS remains 
low. Each new comparator 
decision 
will 
be shifted 
to the 
output 
on the 
falling 
edge 
of the 
clock. 


However, 
the output 
will, in effe~t, 
"lag" 
the analog 
input by 
0.5 to 1.5 clock cycles 
because 
of the time required 
to make 
the comparison 
and latch the output 
(see Figure 
5). 


6. All 
internal 
registers 
are 
cleared 
when 
the CS line 
is 
brought 
high. 
If another 
comparison 
is desired 
CS must 
make a high to low transition 
followed 
by new address 
and 
threshold 
programming. 


3.0 REFERENCE 
CONSIDERATIONS 
I RATIOMETRIC 
OPERATION 


The voltage 
applied 
to the "VREF" 
input of the OAC defines 
the voltage 
span that can be programmed 
to appear 
at the 
threshold 
input 
of the 
comparator. 
The 
AOC0654 
can 
be 
used 
in either 
ratio metric 
applications 
or in systems 
with 
absolute 
references. 
The VREF pin must be connected 
to a 
source 
capable 
of driving 
the 
OAC ladder 
resistance 
(typ. 
2.4 kfi) 
with a stable 
voltage. 


In ratio metric 
systems, 
the analog 
input voltage 
is normally 
a proportion 
of the OAC's 
or AID's 
reference 
voltage. 
For 
example, 
a mechanical 
position 
servo using a potentiometer 
to indicate 
rotation, 
could 
use the same voltage 
to drive the 
reference 
as well as the potentiometer. 
Changes 
in the val- 
ue of VREF would 
not affect 
system 
accuracy 
since only the 
relative 
value 
of these 
signals 
to each 
other 
is important. 


This technique 
relaxes 
the stability 
requirements 
of the sys- 
tem 
reference 
since 
the 
analog 
input 
and 
OAC reference 
move together, 
thus maintaining 
the same comparator 
out- 


put for a given 
input condition. 


In the absolute 
case, 
the VREF input can be driven 
with a 
stable 
voltage 
source 
whose 
output 
is insensitive 
to time 
and temperature 
changes. 
The LM365 
and LM336 
are good 
low current 
devices 
for this purpose. 


The 
maximum 
value 
of VREF is limited 
to the 
Vcc 
supply 
voltage. 
The minimum 
value can be quite small (see typical 
performance 
curves) 
allowing 
the effective 
resolution 
of the 
comparator 
threshold 
OAC to also be small 
(VREF = 0.5V, 


OAC resolution 
= 2.0 mY). This 
in turn 
lets the 
designer 
have 
finer 
control 
over 
the 
comparator 
trip 
point. 
In such 
instances 
however, 
more care must be taken with regard to 
noise 
pickup, 
grounding, 
and system 
error sources. 


~ 
TL/H/5521-16 
b) Absolute 
with 
a Reduced 
Span 


FIGURE 
7. Referencing 
Examples 


Functional Description 
(Continued) 


4.0 ANALOG INPUTS 


4. 1 Differential 
Inputs 
The serial interface of the ADC0852 and ADC0854 allows 
them to be located right at the analog signal source and to 
communicate with a controlling processor via a few fairly 
noise immune digital lines. This feature in itself greatly re- 
duces the analog front end circuitry often needed to main- 
tain signal integrity. Nevertheless, a few words are in order 
with regard to the analog inputs should the input be noisy to 
begin with or possibly riding on a large common mode volt- 
age. 
The differential input of the comparator actually reduces the 
effect of common-mode input noise, Le. signals common to 
both selected "+" and "-" 
inputs such as 60 Hz line 


noise. The time interval between sampling the "+" input 
and then the "-" 
input is 'I. of a clock period (see Figure 


5). 


The change in the common-mode voltage during this short 
time interval can cause comparator errors. For a sinusoidal 
common-mode signal this error is: 


VERROR(MAX) = VPEAK(271"fCM/2 fClK) 
where fCM is the frequency of the common-mode signal, 
Vpeakis its peak voltage value, and fClK is the DAC clock 
frequency. 
For example, 1 Vpp 60 Hz noise superimposed on both 
sides of a differential input signal would cause an error (re- 
ferred to the input) of 0.75 mY. This amounts to less than 
'1.5 of an LSB referred to the threshold DAC, (assuming 
VREF = 5V and fClK = 250 kHZ). 


4. 2 Input Currents and Filtering 
Due to the sampling nature of the analog inputs, short 
spikes of current enter the" +" input and leave the" -" 
at 


the clock edges during a comparison. These currents decay 
rapidly and do not cause errors as the comparator is 
strobed at the end of the clock period (see Figure 
5). 
The source resistance of the analog input is important with 
regard to the DC leakage currents of the input multiplexer. 
The worst-case leakage currents of ± 1 /LA over tempera- 
ture will create a 1 mV input error with a 1 kO source 
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TLIH/5521-17 
FIGURE 8. An On-Chip Shunt Regulator Diode 


resistance. An op-amp RC active low pass filter can provide 
both impedance buffering and noise filtering should a high 
impedance source be required. 


4. 3 Arbitrary Analog Input/Reference 
Range 


The total span of the DAC output and hence the compara- 
tor's threshold voltage is determined by the DAC reference. 
For example, if VREFis set to 1 volt then the comparator's 
threshold can be programmed over a 0 to 1 volt range with 
8 bits of resolution. From the analog input's point of view, 
this span can also be shifted by applying an offset potential 
to one of the comparator's selected analog input lines (usu- 
ally "- "). This gives the designer greater control of the 
ADC0852/4's input range and resolution and can help sim- 
plify or eliminate expensive signal conditioning electronics. 
An example of this capability is shown in the "Load Cell 
Limit Comparator" of Figure 
15. In this circuit, the ADC0852 


allows the load-cell signal conditioning to be done with only 
one dual op-amp and without complex, multiple resistor 
matching. 


5.0 POWER SUPPLY 
A unique feature of the ADC0854 is the inclusion of a 7 volt 
zener diode connected from the "V +" terminal to ground 
(Figures 2 and 8) "V +" also connects to "VCC" via a silicon 
diode. The zener is intended for use as a shunt voltage 
regulator to eliminate the need for additional regulating 
components. This is especially useful if the ADC0854 is to 
be remotely located from the system power source. 


An important use of the interconnecting diode between V+ 
and VCCis shown in Figures 
10 and 11. Here this diode is 


used as a rectifier to allow the VCCsupply for the converter 
to be derived from the comparator clock. The low device 
current requirements and the relatively high clock frequen- 
cies used (10 kHz-400 kHz) allows use of the small value 
filter capacitor shown. The shunt zener regulator can also 
be used in this mode however this requires a clock voltage 
swing in excess of 7 volts. Current limiting for the zener is 
also needed, either built into the clock generator or through 
a resistor connected from the clock to V+. 


12Y 
SYSTEM 
SUPI'lY 


CMOS DR 


NMOS 


CIRCUITS 


TL/H/5521-18 


FIGURE 9. Using the ADC0854 as the 


System Supply RegUlator 


100 kHz 


5VTIfCLOCK 


OV 


TL/H/5521-19 
FIGURE 10. Generating Vcc from the Comparator Clock 
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FIGURE 11. Remote Sensing-Clock 
and Power on One Wire 
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Requires no additional 
parts. Window comparisons 
can be accomplished 
by 
inputting the upper and lower window limits into 01 on successive 
compari· 
sons and observing 
the two outputs: 


Two high outputs 
-+ 
input> 
window 


Two low outputs 
-+ 
input < window 


One low and one high -+ 
input is within window 


lM335 


TEMP 


SENSOR 


" 


2k 
OFFSET 


2k 
LM103 
FUll- 
$.$V 
SCAU 


2k 
" 


Note 1: ADC0854 
does not require constant 
service from computer. 
Self controlled 
after one write to 01 if CS remains low. 


Note 2: U,: Solid State Relay, Poller Brumfield 
#EOM10B22 


Note 3: Set Temp via. 01. Range: 0 to 12S"C 
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Uk 
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• 
Differential 
Input elliminates 
need for instrumentation 
amplifier 


• 
A total of 4 load cells can be monitored 
by ADC08S4 
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- 
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DO 
6 
III 
111000 
11- 


CHO 
CHI 
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Analog 
Input 


Channels 


ADC0852CCN 
. 


ADC0854CCN 


Total 
Package 
Temperature 


Unadjusted 
Error 
Range 


±1 
N08E 
erc to 7erC 


±1 
N14A 
O·Cto 
70·C 


t!1National 
Semiconductor 


ADC080611 ADC08062 
500 ns AID Converter with S/H 
Function 


and Input Multiplexer 


General Description 


Using a patented 
multi-step 
AID 
conversion 
technique, 
the 


8-bit ADC08061 
and ADC08062 
CMOS 
ADCs offer 
500 ns 


(typ) conversion 
time, 
internal 
sample-and-hold 
(S/H), 
and 


dissipate 
only 125 mW of power. The ADC08062 
has a two- 
channel 
multiplexer. 
The ADC08061/2 
family 
performs 
an 


8-bit conversion 
using a 2-bit voltage 
estimator 
that gener- 


ates the 2 MSBs 
and two low-resolution 
(3-bit) flashes 
that 


generate 
the 6 LSBs. 


Input track-and-hold 
circuitry 
eliminates 
the need for an ex- 
ternal 
sample-and-hold. 
The ADC08061/2 
family 
performs 


accurate 
conversions 
of full-scale 
input signals 
that have a 


frequency 
range 
of DC to 300 
kHz (full-power 
bandwidth) 


without 
need of an ex1ernal S/H. 


The digital 
interface 
has been designed 
to ease connection 


to microprocessors 
and allows the parts to be I/O or memo- 
ry mapped. 


Key Specifications 


• 
Resolution 


• 
Conversion 
Time 


• 
Full Power 
Bandwidth 


• 
Throughput 
rate 


• 
Power 
Dissipation 


• 
Total 
Unadjusted 
Error 


8 bits 


560 ns max (WR-RD 
Mode) 
300 kHz 


1.5 MHz 


125 mW max 


±y. 
LSB and 
±1 
LSB 


Features 


• 
1 or 2 input channels 


• 
No external 
clock 
required 


• 
Analog 
input voltage 
range 
from 
GND to V+ 


• 
Overflow 
output 
available 
for cascading 
(ADC08061) 


• 
ADC08061 
pin-compatible 
with 
the 
industry 
standard 


ADC0820 


Applications 


• 
Mobile 
telecommunications 


• 
Hard disk drives 


• 
Instrumentation 


• 
High-speed 
data acquisition 
systems 


VREF+ 


VREF- 


V1N·, 
VIN1" 


V1N2•• 


Oul",,1 
Lalch 
and 


Tri-Slal_ 


Buff_rs 


OFL' 


oB7 (NSB) 


oB6 


oB5 


oB4 


oB3 


oB2 


OBI 


oBO (LSB) 


UniCef 
UISlrIDU10rS 
Tor avallaDllny 
anD speclTlcauons. 
I~ t"'acKage \::>oloenng, 1u sec.) 
T~t)U-l,; 


Supply Voltage 
(V+) 
6V 
WM Package 
(Vapor Phase, 60 sec.) 
+215·C 


Logic Control 
Inputs 
-0.3V 
to V+ 
+ 0.3V 
WM Package 
(Infrared, 
15 sec.) 
+ 220·C 


Voltage 
at Other Inputs and Outputs 
-0.3V 
to V+ 
+ 0.3V 
ESD Susceptibility 
(Note 6) 
2kV 


Input Current 
at Any Pin (Note 3) 
5mA 
Operating Ratings 
(Notes 
1 & 2) 


Package 
Input Current 
(Note 3) 
20mA 
Temperature 
Range 
TMIN ~ TA ~ TMAX 
Power 
Dissipation 
(Note 4) 
ADC08061/2BIN, 
J Package 
875mW 
ADC08061/2CIN, 
N Package 
875mW 
ADC08061/2BIWM, 
WM Package 
875mW 
ADC08061/2CIWM 
-40·C 
~ TA ~ 85·C 
Storage 
Temperature 
- 65·C to + 150·C 
ADC08061CMJ, 
ADC08061CMJ/883 
-55·C 
~ TA ~ 125·C 


Supply Voltage, 
(V+) 
4.5Vt05.5V 


Converter Characteristics 
The following 
specifications 
apply 
for RD Mode, 
V+ 
= 5V, VREF+ 
= 5V, and VREF- 
= GND 
unless 
otherwise 
specified. 
BoldfaceUmlts apply 
for TA = T•• = TMIN to TMAXi 
all other 
limits TA = TJ = 25·C. 


Parameter 
Conditions 
Typical 
Limits 
Units 
Symbol 
(Note 
7) 
(Note 
8) 
(Limit) 


INL 
Integral 
Non Linearity 
ADC0806112 
BIN,BIWM 
±y. 
LSB (max) 


ADC0806112 
±1 
LSB (max) 
CIN, CIWM, CMJ 


TUE 
Total Unadjusted 
Error 
ADC0806112 
±y. 
LSB (max) 
BIN,BIWM 


ADC0806112 
±1 
LSB (max) 
CIN, CIWM, CMJ 


Missing Codes 
0 
Bits (max) 


Reference 
Input Resistance 
700 
500 
O(min) 
'. . 
- 


700 
1250 
o (max) 


VREF+ 
Positive 
Reference 
YR.'- 
V (min) 


Input Voltage 
- 
Y+ 
V (max) 


VREF- 
Negative 
Reference 
QND 
V (min) 


Input Voltage 
YR.' 
+ 
V (max) 


VIN 
Analog 
(Note 10) 
QND - 
0.1 
V (min) 


Input Voltage 
Y+ 
+ 0.1 
V (max) 


On Channel 
Input 
On Channel 
Input = 5V, 
-0.4 
-20 
p.A(max) 
Current 
Off Channel 
Input = OV (Note 11) 


On Channel 
Input = OV, 
-0.4 
-20 
p.A(max) 
Off Channel 
Input = 5V (Note 11) 


PSS 
Power Supply Sensitivity 
V+ = 5V ±5%, 
VREF = 4.75V 
±'I16 
±y. 
LSB(max) 
All Codes Tested 


Effective 
Bits 
7.8 
Bits 


Full-Power 
Bandwidth 


- 


300 
kHz 


THD 
Total Harmonic 
Distortion 
0.5 
% 


SIN 
Signal-to-Noise 
Ratio 
50 
dB 


IMD 
Intermodulation 
Distortion 
50 
dB 


AC Electrical Characteristics 
The following 
specifications 
apply 
for V+ 
= 5V, tr = tf = 
10 ns, VAEF+ 
= 5V, VAEF- 
= OV unless 
otherwise 
specified. 


BoldfaceUmlta 
apply for TA = TJ = TMINto TMAX;all other 
limits TA = TJ = 25°C. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 7) 
(Note 
8) 
(limit) 


tWA 
Write Time 
Mode Pin to V+; 
100 
100 
ns(min) 


(Figures 2a, 2b, and 3 ) 


tAD 
Read Time (Time from Falling Edge 
Mode Pin to V + ; (Figure 2a) 
350 
350 
ns(min) 
of WR to Falling Edge of RD) 


tADw 
RDWidth 
Mode Pin to GND; (Figure 4) 
200 
250 
ns(min) 


400 
400 
ns (max) 


teONV 
WR-RD 
Mode Conversion 
Time 
Mode Pin to V +; (Figure 2a) 
500 
560 
ns (max) 
(twFf + tAD + tACC1) 


teAD 
RD Mode Conversion 
Time 
Mode Pin to GND; (Figure 
1) 
655 
900 
ns (max) 


tACCO 
Access 
Time (Delay from Falling Edge 
Cl 
s; 100 pF 
640 
900 
ns (max) 
of RD to Output Valid) 
Mode Pin to GND; (Figure 
1) 


tACC1 
Access 
Time (Delay from Falling 
Edge 
Cl 
s; 10 pF 
45 
110 
ns (max) 
of RD to Output Valid) 
Cl = 100 pF 
50 


Mode Pin to V+ ,tAD S; liml 


(Figure2a) 


tACC2 
Access 
Time (Delay from Falling 
Edge 
Cl 
S; 10pF 
25 
90 
ns (max) 
of R5 to Output Valid) 
Cl = 100 pF 
30 


lRD > lfNj[; 
(Figures 2b and 4 ) 


tOH 
TRI-STATE~ 
Control 
(Delay from 
Rl = 3kil,Cl 
= 10pF 
30 
60 
ns (max) 
Rising Edge of RD to HI-Z State) 


t1H 
TRI-ST ATE Control 
(Delay from 
Rl = 3 kil, 
Cl = 10 pF 
30 
70 
ns (max) 
Rising Edge of RD to HI-Z State) 


4NTl 
Delay from Rising Edge of 
(Figures 2b, and 3) 
520 
690 
ns (max) 
WR to Falling Edge of INT 
Mode Pin = V+,Cl 
= 50pF 


limH 
Delay from Rising Edge of 
Cl = 50 pF; (Figures 
1, 2a, 2b, and 4) 
, 
50 
95 
ns (max) 
RD to Rising Edge of INT 


limH 
Delay from Rising Edge of 
Cl = 50 pF; (Figure 3) 
45 
95 
ns(max) 
WR to Rising Edge of INT 


tADY 
Delay from CS to RDY 
Mode Pin = OV, Cl = 50 pF, 
25 
45 
ns(max) 


Rl = 3 kil 
(Figure 
1) 


tlD 
Delay from INT to Output Valid 
Rl = 3 kil, 
Cl = 100 pF; (Figure 3) 
0 
15 
ns(max) 


tAl 
Delay from RD to INT 
Mode Pin = V + , tAD S; liml; 
(Figure 2a) 
60 
115 
ns(max) 


tN 
Time between 
End of RD 
(Figures 
1, 2a, 2b, 3 and 4 ) 
50 
60 
ns(min) 
and Start of New Conversion 


tAH 
Channel 
Address 
Hold Time 
(Figures 
1, 2a, 2b, 3 and 4 ) 
10 
60 
ns(min) 


tAS 
Channel 
Address 
Setup Time 
(Figures 
1, 2a, 2b, 3 and 4 ) 
0 
0 
ns (max) 
~ 
CS Setup Time 
(Figures 
1, 2a, 2b, 3 and 4 ) 
0 
0 
ns (max) 


tesH 
CS Hold Time 
(Figures 
1, 2a, 2b, 3 and 4 ) 
0 
0 
ns(min) 


CVIN 
Analog 
Input Capacitance 
25 
pF 


COUT 
Logic Output 
Capacitance 
5 
pF 


CIN 
Logic Input Capacitance 
5 
pF 


DC Electrical Characteristics 
The following 
specifications 
apply for V+ = SV unless otherwise 
specified. 
Boldface 
limit. 
apply 
for TA = TJ = TMIN to TMAXi all other limits TA = TJ = 2S·C. 


Typical 
Limits 
Units 
Symbol 
Parameter 
Conditions 
(Note 
7) 
(Note 
8) 
(Limit) 


VIH 
Logic "1" 
Input Voltage 
V+ = S.5V 


Mode Pin 
3.5 
V (min) 


AoC08062 
CS, WR, Ro, AO Pins 
3.0 
V (min) 


AoC08061 


CS, WR, Ro Pins 
2.2 
V (min) 


VIL 
Logic "0" 
Input Voltage 
V+ = 4.5V 


Mode Pin 
1.5 
V (max) 


< 
AoC08062 
CS, WR, Ro, AO Pins 
0.4 


i 
V (max) 


AoC08061 
, 


CS, WR, Ro Pins 
, 
.' ,- 
0.7 
V (max) 


IIH 
Logic "1" 
Input Current 
VIH = 5V 
CS, Ro, AO Pins 
0.005 
1 
p.A(max) 


WRPin 
0.1 
3 
p.A(max) 


Mode Pin 
1 
' 
50 
200 
p.A(max) 


IlL 
Logic "0" 
Input Current 
VIL = OV 
CS, Ro, WR, AO Pins 
-0.005 
p.A(max) 


Mode Pin 
-2 


VOH 
Logic "1" 
Output Voltage 
V+ = 4.75V 


lOUT = -360 
p.A 


oBO-oB7, 
OFL, INT 
2.4 
V (min) 


lOUT = -10 
p.A 


oBO-oB7, 
OFL, INT 
4.5 
V (min) 


VOL 
Logic "0" 
Output Voltage 
V+ = 4.75V 


lOUT = 1.6mA 
0.4 
V (max) 


oBO-oB7, 
OFL, INT, ROY 


10 
TR I-STATE Output 
Current 
VOUT = 5.0V 
0.1 
3 
p.A(max) 
oBO-oB7, 
ROY 


VOUT = OV 
-0.1 
-3 
p.A(max) 
oBO-oB7, 
ROY 


ISOURCE 
Output 
Source Current 
VOUT = OV 
-26 
-8 
mA(min) 
oBO-oB7, 
OFL, INT 


'SINK 
Output 
Sink Current 
VOUT = 5V 
24 
7 
mA(min) 
oBO-oB7, 
OFL, INT, ROY 


Ie 
Supply Current 
CS = WR = Ro = 0 
11.5 
25 
mA(max) 


, 


Electrical Characteristics 
(Continued) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specified operating ratings. Operating Ratings indicate conditions for which the device is functional, 
but do not guarantee performance 
limits. 


For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some 
performance 
characteristics 
may degrade when the device is not operated 
under the listed test conditions. 


Note 2: All voltages are measured with respect to the GND pin, unless otherwise 
specified. 


Note 3: When the input voltage (VIW at any pin exceeds the power supply voltage (VIN < GND or VIN > V+), the absolute value of the current at that pin should be 
limited to 5 mA or less. The 20 mA package input current specification 
limits the number of pins that can exceed the power supply boundaries 
with a 5 mA current 
limit to four. 


Note 4: The power dissipation 
of this device 
under normal operation 
should never exceed 
875 mW (Quiescent 
Power Dissipation + the loads on the digital 


outputs). Caution should be taken not to exceed absolute maximum power rating when the device is operating in a severe fault condition 
(e.g., when any input or 


output 
exceeds 
the power supply). The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is dictated 
by TJMAX (maximum 
junction 


temperature), 
8JA (package junction to ambient thermal resistance), 
and TA (ambient temperature). 
The maximum allowable power dissipation at any temperature 
is PDmax = (TJMAX - 
TAl/8JA or the number given in the Absolute 
Maximum Ratings, whichever 
is lower. The table below details TJMA)( and 8JA for the various 
packages 
and versions of the ADC08061/2. 


Part Number 
TJMAX 
8JA 


ADC08061/2BIN 
105 
51 
ADC08061/2CIN 
105 
51 
ADC08061/2BIWM 
105 
85 
ADC08061/2CIWM 
105 
85 


Note 5: See AN-4S0 "Surface 
Mounting Methods and Their Effect on Product Aeliabilrty" 
for other methods of soldering surface mount devices. 


Nole 
6: Human body model, 100 pF discharged 
lhrough a 1.5 kO resistor. 


Note 7: Typicals are at 2SoC and represent 
most likely parametric 
norm. 


Nole 
8: Limits are guaranteed 
to National's 
AOQL (Average Output Quality Level). 


Note 9: Total unadjusted 
error includes offset, full-scale, 
and linearity errors. 


Note 10: Two on-chip diodes are tied to each analog input and are reversed biased during normal operation. One is connected 
to V+ and the other is connected 
to 
GND. They will become fOfWard biased and conduct when an analog input voltage is equal to or greater than one dtode drop above V + or below GND. Therefore, 
caution should be exercised when testing with V+ = 4.SV. Analog inputs with magnitudes equal to SV can cause an input diode to conduct, especially at elevated 
temperatures. 
This can create conversion 
errors for analog signals near full-scale. 
The specification 
allows SOmV forward bias on either diode; e.g., the output 
code will be correct as long as the analog input signal does not exceed the supply voltage by more than SOmV. Exceeding this range on an unselected 
channel will 


corrupt the reading of a selected channel. An absolute analog input signal voltage range of OV :::;;V,N :::;;SV can be achieved by ensuring that the minimum supply 
voltage applied to V+ 
is 4.9S0V over temperature 
variations, 
initial tolerance, 
and loading. 


Note 11: Off-channel 
leakage current is measured after the on-channel 
selection. 
• 
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FIGURE 4. RD Mode (Pipeline Operation) (Mode Pin Is Low and tRow must be between 200 ns and 400 ns) 


Typical Performance Characteristics 


Linearity Error vs 
Offset Error vs 


leAD vs Temperature 
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Connection Diagrams 


v,N- 
1 
'-/ 
20 ~V+ 
VIN,- 1 
'-/ 
20 -V+ 


080- 
2 
19 i-NC 
080- 
2 
19 -AO 


081- 
3 
18 -Ofl 
081- 
3 
18 -V'N2 
082- 
4 
17 •..•087 
082- 
4 
17 -087 


083- 
5 
16 -086 
083-5 
16 -086 


WR/ROY- 6 
AOCOS061 


WR/ROY- 6 
AOC08062 


15 -085 
15 -085 


"00[- 
7 
14 -DB4 
"00[- 
7 
14 -DB4 


Rii- 
8 
13 -cs 
Rii- 
8 
13 -cs 


iHT-9 
12 -VREr+ 
iHT-9 
12 -VREf+ 


GNO- 10 
11 -VREr- 
GNO- 10 
11 -VREf- 


TL/H/l1086-14 
TL/H/l1088-15 
Dual-In-Llne and Wide-Body 
Dual-In-Llne and Wide-Body 
Smail-Outline 
Small-outllne 


Packages J20A, N20A or M20B 
Packages N20A or M20B 


Ordering Information 


Industrial (- 40"C s; TA s; 8S·C) 
Package 


ADC08061 
BIN, ADC08061 
CIN, 
N20A 
ADC08062BIN. 
ADC08062CIN 


ADC08061 
BIWM, ADC08061CIWM. 
M20B 
ADC08062BIWM, 
ADC08062CIWM 


ADC08061CMJ, 


J20A 
ADC08061CMJ/883.5962 


• 


Pin Description 
VIN,VINl-8 
These are analog inputs. The input range is 
GND-50 mV ~ VINPUT~ V+ 
+ 50 mY. The 
ADC08061 has a single input (VIN) and tne 
ADC08062 
has 
a 
two-channel 
multiplexer 
(VINl-2)· 
DBO-DB7 
TRI-STATE data outputs-bit 
0 (LSB) through 
bit 7 (MSB). 


WR/RDY 
WR-RD Mode (Logic high applied to MODE 
pin) 
WR: With CS low, the conversion is started on 
the falling edge of WR. The digital result will be 
strobed into the output latch at the end of con- 
version (see Figures 
2a, 2b, and 3). 


RD Mode (Logic low applied to MODE pin) 
RDY: This is an open drain output (no internal 
pull-up device). RDY will go low after the falling 
edge of CS and return high at the end of con- 
version. 
. 


Mode: Mode (RD or WR-RD) selection input- 
This pin is pulled to a logic low through an inter- 
nal 50 /LAcurrent sink when left unconnected. 
RD Mode is selected if the MODE pin is left 
unconnected or externally forced low. A com- 
plete conversion is accomplished by pulling RD 
low until output data appears. 
WR-RD Mode is selected when a high is ap- 
plied to the MODE pin. A conversion starts with 
the WR signal's rising edge and then using RD 
to access the data. 
WR·RD Mode (logic high on the MODE pin) 
This is the active low Read input. With a logic 
low applied to the CS pin, the TRI-STATE data 
outputs (DBO-DB7) will be activated when RD 
goes low (see Figures 
2a, 2b and 3). 
AD Mode (logic low on Ihe MODE pin) 
With CS low, a conversion starts on the falling 
edge of RD. Output data appears on DBO-DB7 
at the end of conversion (see Figures 
1and 4). 


This is an active low output that indicates that a 
conversion is complete and the data is in the 
output latch. iN'i' is reset by the rising edge of 
1m. 


GND 
This is the power supply ground pin. The 
ground pin should be connected to a "clean" 
ground reference point. 


These are the reference voltage inputs. They 
may be placed at any voltage between GND - 
50 mV and V+ + 50 mV, but VREF+ must be 
greater than VREF-. Ideally, an input voltage 
equal to VREF- produces an output code of 0, 
and an input voltage greater than VREF+ - 
1.5 LSB produces an output code of 255. 


'For the ADC08062, an input voltage on any un- 
selected input that exceeds V+ by more than 
100 mV or is below GND by more than 100 mV 
will create errors in a selected channel that is 
operating within proper operating conditions. 
This is the active low Chip Select input. A logic 
low signal applied to this input pin enables the 
RD and WR inputs. Internally, the CS signal is 
ORed with RD and WR signals. 
Overflow Output. If the analog input is higher 
than VREF+ - 
V. LSB, ~ 
will be low at the 


end of conversion. It can be used when cas- 
cading two ADC08061s to achieve higher reso- 
lution (9 bits). This output is always active and 
does not go into TRI-STATE as DBO-DB7 do. 
When ~ 
is set, all data outputs remain high 


when the ADC08061's output data is read. 
No connection. 
This logic input is used to select one of the 
ADC08062's 
input 
multiplexer 
channels. 
A 


channel is selected as shown in the table be- 
low. 


ADC08062 
Channel 
AO 


0 
VINl 


1 
VIN2 


Positive power supply voltage input. Nominal 
operating supply voltage is + 5V. The supply 
pin should be bypassed with a 10 /LFbead tan- 
talum in parallel with a 0.1 ceramic capacitor. 
Lead length should be as short as possible. 


Application 
Information 


1.0 FUNCTIONAL 
DESCRIPTION 


The ADC08061 and ADC08062 perform an 8-bit analog-to- 
digital conversion using a multi-step flash technique. The 
first flash generates the five most significant bits (MSBs) 
and the second flash generates the three least significant 
bits (LSBs). Figure 5 shows the major functional blocks of 
the ADC08061/2's multi-step flash converter. It consists of 
an over-encoded 2%-bit Voltage Estimator, an internal DAC 
with two different voltage spans, a 3-bit half-flash converter 
and a comparator multiplexer. 
The resistor string near the center of the block diagram in 
Figure 5 forms the internal main DAC. Each of the eight 
resistors at the bottom of the string is equal to 1/256 of the 
total string resistance. These resistors form the LSB Lad- 
der and have a voltage drop of 1/256 of the total reference 
voltage (VREF+ - 
VREF-) across them. The remaining re- 
sistors make up the MSB 
Ladder. 
They are made up of 


eight groups of four resistors connected in series. Each 
MSB Ladder section has Ye of the total reference voltage 
across it. Within a given MSB Ladder section, each of the 
MSB resistors has 8/256, 
or '132 of the total reference 


13/16 


11/16 


2/8 
DB7 


1/8 
DB6 


9/16 
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c::: 
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0 
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8 
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5/256 


3/16 
4/256 
I 
I 
I 
1/256 
--" 


VREF- 


TLiH/l1086-18 


voltage across it. Tap points are found between all of the 
resistors in both the MSB and LSB Ladders. Through the 
Comparator Multiplexer these tap points can be connected, 
in groups of eight, to the eight comparators shown at the 
right of Figure 5. This function provides the necessary refer- 
ence voltages to the comparators during each flash conver- 
sion. 
The six comparators, seven-resistor string (estimator DAC), 
and Estimator Decoder at the left of Figure 5 form the Volt- 
age Estimator. The estimator DAC connected 
between 


VREF+ and VREF- generates the reference voltages for 
the six Voltage Estimator comparators. These comparators 
perform a very low resolution AID conversion to obtain an 
"estimate" of the input voltage. This estimate is then used 
to control the Comparator Multiplexer, connecting the ap- 
propriate MSB Ladder section to the eight flash compara- 
tors. Only 14 comparators, six in the Voltage Estimator and 
eight in the flash converter, are needed to achieve the full 
eight-bit resolution, instead of 32 comparators that would be 
needed by traditional half-flash methods. 


Application 
Information 
(Continued) 


A conversion 
begins 
with the Voltage 
Estimator 
comparing 


the analog 
input 
signal 
against 
the six tap voltages 
on the 


estimator 
DAC. The estimator 
decoder 
then 
selects 
one of 


the groups 
of tap points along the MSB Ladder. 
These 
eight 


tap points 
are then 
connected 
to the eight flash 
compara- 


tors. For example, 
if the analog 
input signal applied 
to VIN is 


between 
0 and 0/,. of VREF (VREF = VREF+ 
- 
VREF-), 
the 


estimator 
decoder 
instructs 
the 
comparator 
multiplexer 
to 


select 
the eight tap points 
between 
8/256 
and 2/8 
of VREF 


and connects 
them to the eight flash comparators. 
The first 


flash conversion 
is now performed, 
producing 
the five MSBs 


of data. 


The 
remaining 
three 
LSBs 
are 
generated 
next 
using 
the 


same 
eight 
comparators 
that 
were 
used 
for the first 
flash 


conversion. 
As determined 
by the results 
of the MSB flash, 
a voltage 
from the MSB Ladder 
equivalent 
to the magnitude 


of the five MSBs is subtracted 
from the analog 
input voltage 


as the upper 
switch 
is moved 
from 
position 
one to position 


two. The resulting 
remainder 
voltage 
is applied 
to the eight 


flash comparators 
and, with the lower switch 
in position 
two, 
compared 
with the eight tap points 
from the LSB Ladder. 


By using the same eight comparators 
for both flash conver- 
sions, the number 
of comparators 
needed 
by the multi-step 


converter 
is significantly 
reduced 
when 
compared 
to stan- 


dard half-flash 
techniques. 


Voltage 
Estimator 
errors as large as 'A. of VREF (16 LSBs) 


will be corrected 
since the flash comparators 
are connected 


to ladder 
voltages 
that 
extend 
beyond 
the range 
specified 


by the Voltage 
Estimator. 
For example, 
if 7/1• VREF < VIN < 
9/,. VREF the 
Voltage 
Estimator's 
comparators 
tied to the 


tap points 
below 
9/1• VREF will output 
"1"s 
(000111). 
This is 


decoded 
by the estimator 
decoder 
to "10". 
The eight flash 


comparators 
will be placed 
at the 
MSB 
Ladder 
tap 
points 


between % VREF and % VREF. The overlap 
of 'A. VREF on 


each side of the Voltage 
Estimator's 
span will automatically 


correct 
an error of up to 16 LSBs (16 LSBs = 312.5 mV for 


VREF = 5V). If the first flash conversion 
determines 
that the 


input voltage 
is between % VREF and 4/8 
VREF - 
LSB/2, 
the 
Voltage 
Estimator's 
output 
code 
will 
be corrected 
by 


subtracting 
"1". 
This results 
in a corrected 
value of "01". 
If 


the first flash conversion 
determines 
that the input voltage 
is 


between 
8/16 
VREF 
- 
LSB/2 
and % VREF, the 
Voltage 


Estimator's 
output 
code 
remains 
unchanged. 


After 
correction, 
the 2-bit data from 
both the Voltage 
Esti- 
mator and the first flash conversion 
are decoded 
to produce 


the five 
MSBs. 
Decoding 
is similar 
to that 
of a 5-bit flash 


converter 
since there are 32 tap points 
on the MSB Ladder. 
However, 
31 comparators 
are not needed 
since the Voltage 


Estimator 
places 
the eight comparators 
along the MSB Lad- 
der where 
reference 
tap voltages 
are present 
that fall above 


and below the magnitude 
of VIN' Comparators 
are not need- 


ed outside 
this selected 
range. 
If a comparator's 
output 
is a 


"0", 
all comparators 
above 
it will also have outputs 
of "0" 
and if a comparator's 
output 
is a "1", 
all comparators 
below 


it will also have outputs 
of "1". 


2.0 DIGITAL 
INTERFACE 


The ADC08061 
/2 has two basic interface 
modes 
which 
are 


selected 
by connecting 
the MODE pin to a logic high or low. 


2.1 RD Mode 


With a logic low applied 
to the MODE 
pin, the converter 
is 


set to Read 
mode. 
In this configuration 
(see Figure 
1), a 


complete 
version 
is done 
by pulling 
RD low, 
and 
holding 


low, 
until the 
conversion 
is complete 
and output 
data 
ap- 


pears. 
This typically 
takes 
655 
ns. The 
INT (interrupt) 
line 


goes low at the end of conversion. 
A typical 
delay of 50 ns is 


needed 
between 
the rising edge 
of RD (after the end of a 


conversion) 
and the start of the next conversion 
(by pulling 


RD low). The RDY output 
goes low after the falling 
edge of 


CS and goes high at the end-of-conversion. 
It can be used 


to signal a processor 
that the converter 
is busy or serve as a 


system 
Transfer 
Acknowledge 
signal. 
For the 
ADC08062 


the data generated 
by the first conversion 
cycle after power- 
up is from an unknown 
channel. 


2.2 RD Mode 
Plpellned 
Operation 


Applications 
that require shorter 
RD pulse widths 
than those 


used 
in 
the 
Read 
mode 
as 
described 
above 
can 
be 


achieved 
by setting 
RD's 
width 
between 
200 
ns-400 
ns 


(Figure 
4). 
RD pulse 
widths 
outside 
this 
range 
will create 


conversion 
linearity errors. These 
errors are caused 
by exer- 


cising 
internal 
interface 
logic circuitry 
using CS and/or 
RD 
during 
a conversion. 


When 
RD goes 
low, a conversion 
is initiated 
and the data 


from the previous 
conversion 
is available 
on the DBO-DB7 


outputs. 
Reading 
DO-D7 
for the first two times after power- 


up produces 
random 
data. The data will be valid during the 


third 
RD pulse that occurs 
after the first conversion. 


2.3 WR·RD 
(WR then 
RD) Mode 


The ADC08061/2 
is in the WR·RD 
mode 
with the 
MODE 
pin tied high. A conversion 
starts 
on the falling 
edge 
of the 


WR signal. 
There 
are two 
options 
for 
reading 
the 
output 


data 
which 
relate 
to interface 
timing. 
If an interrupt-driven 


scheme 
is desired, 
the user can wait for the INT output to go 


low before 
reading 
the conversion 
result 
(see 
Figure 
2b ). 


Typically, 
jjij'f will go low 520 ns, maximum, 
after WR's 
ris- 


ing edge. 
However, 
if a shorter 
conversion 
time is desired, 


the processor 
need not wait for INT and can exercise 
a read 


after only 350 ns (see Figure 28). If RD is pulled 
low before 


INT goes low, INT will immediately 
go low and data will ap- 


pear at the outputs. 
This is the fastest 
operating 
mode 
(tmJ 
,;; tmLl 
with a conversion 
time, including 
data access 
time, 


of 560 ns. Allowing 
100 ns for reading 
the conversion 
data 


and the delay between 
conversions 
gives a total throughput 


time of 660 ns (throughput 
rate of 1.5 MHz). 


2.4 WR·RD 
Mode 
with 
Reduced 
Interface 


System 
Connection 
CS and RD can be tied low, using 
only WR to control 
the 


start of conversion 
for applications 
that require reduced 
digi- 


tal interface 
while operating 
in the WR·RD 
mode 
(Figure 3). 


Data will be valid approximately 
705 ns following 
WR's 
ris- 


ing edge. 


2.5 Multiplexer 
Addressing 


The ADC08062 
has 2 multiplexer 
inputs. These 
are selected 


using 
the 
AO multiplexer 
channel 
selection 
input. 
Table 
I 


Application 
Information 
(Continued) 


shows the input code needed to select a given channel. The 
multiplexer address is latched when received but the multi- 
plexer channel is updated after the completion of the cur- 
rent Conversion. 


ADC08062 
Channel 
AO 


0 
VlN1 
1 
VlN2 


The multiplexer address data must be valid at the time of 
AD's falling edge, remain valid during the conversion, and 
can go high after AD goes high when operating in the Read 
Mode. 
The mUltiplexer address data should be valid at or before 
the time of WA's falling edge, remain valid while WA is low, 
and go invalid after WA goes high when operating in the 
WR-RD Mode. 


3.0 REFERENCE INPUTS 
The two VREFinputs of the ADC0806112 are fully differen- 
tial and define the zero to full-scale input range of the A to D 
converter. This allows the designer to vary the span of the 
analog input since this range will be equivalent to the volt- 
age difference between VREF+ and VREF-. Transducers 
with minimum output voltages above GND can also be com- 
pensated by connecting VREF- to a voltage that is equal to 
this minimum voltage. By reducing VREF(VREF = VREF+ 
- 
VREF-) to less than 5V, the sensitivity of the converter 


can be increased (i.e., if VREF = 2.SV, then 1 LSB = 
9.8 mV). The ADC08061/2's 
reference arrangement also 


facilitates ratiometric operation and in many cases the 
ADC08061/2's 
power supply can be used for transducer 


power as well as the VREFsource. Aatiometric operation is 
achieved by connecting VREF_ to GND and connecting 
VREF+ and a transducer's power supply input to V+. The 
ADC08061/2's 
linearity degrades when VREF+ - 
IVREF-I 
is less than 2.0V. 


The voltage at VREF- sets the input level that produces a 
digital output of all zeros. Though VINis not itself differential, 
the reference designaffords nearlydifferential-input capability 
for some measurement applications. Figure 
6 shows one 


possible differential configuration. 


It should be noted that, while the two VREFinputs are fully 
differential, the digital output will be zero for any analog in- 
put voltage if VREF- ~ VREF+. 


4.0 ANALOG INPUT AND SOURCE IMPEDANCE 
The ADC08061/2's 
analog input circuitry includes"an ana- 


log switch with an "on" resistance of 70n and capacitance 
of 1.4 pF and 12 pF (see Figure 6). The switch is closed 
during the AID's input signal acquisition time (while WA is 
low when using the WA-AD Mode). A small transient current 
flows into the input pin each time the switch closes. A tran- 
sient voltage, whose magnitude can increase as the source 
impedance increases, may be present at the input. So long 
as the source impedance is less than 500n, the input volt- 
age transient will not cause errors and need not be filtered. 


Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than soon 
should be used if rated accuracy is to be 


achieved at the minimum sample time (100 ns maximum). A 
signal source with a high output impedance should have its 
output buffered with an operational amplifier. Any ringing or 
voltage shifts at the op amp's output during the sampling 
period can result in conversion errors. 


Correct conversion results will be obtained for input volt- 
ages greater than GND - 
100 mV and less than V+ + 


100 mY. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than V+, or more than 
300 mV lower than GND. The current flowing through any 
analog input pin should be limited to'S mA or less to avoid 
permanent damage to the IC if an analog input pin is forced 
beyond these voltages. The sum of all the overdrive cur- 
rents into all pins must be less than 20 mA. Some sort of 
protection scheme should be used when the input signal is 
expect~d to extend more than 300 mV beyond the power 
supply limits. A simple protection network using resistors 
and diodes is shown in Figure 
8. 


6.0 INHERENT SAMPLE-AND-HOLD 
An important benefit of the ADC08061/2's 
input architec- 


ture is the inherent sample-and-hold (S/H) 
and its ability to 


measure relatively high speed signals without the help of an 
external S/H. 
In a non-sampling converter, regardless of its 


speed, the input must remain stable to at least % LSB 
throughout the conversion process if full accuracy is to be 
maintained. Consequently, for many high speed signals, this 
signal must be externally sampled and held stationary dur- 
ing the conversion. 


The ADC08061 and ADC08062 are suitable for DSP-based 
systems because of the direct control of the S/H through 


-Represents 
a multiplexer 
channel in the ADC08062. 
FIGURE 6. ADC08061 and ADC08062 Equivalent Input Circuit Model 
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Note the multiple bypass capacitors 
on the reference 
and power supply pins. VREF- 
should be bypass to analog ground using multiple capacitors 
if it is not 
grounded 
(see Section 7.0 "Layout, 
Grounds, and Bypassing"). 
VIN1 is shown with an optional 
input protection 
network. 


FIGURE8.Typical Connection 


the WJ!i signal. The WR input signal allows the AID to be 
and,therefore,shouldhavetheirown separategroundlines. 


synchronizedto a DSP system's samplingrate or to other 
Best performanceis obtainedusingseparategroundplanes 
ADC08061and ADC08062s. 
for the digitaland analogparts of the system. 
The ADC08061can perform accurate conversionsof full- 
The analog inputs should be isolated from noisy signal 
scale input signals at frequencies from de to more than 
traces to avoid havingspurioussignalscouple to the input. 


300 kHz(full powerbandwidth)withoutthe needof an exter- 
Any externalcomponent(e.g.,an inputfilter capacitor)con- 
nal sample-and-hold(51 H). 
nectedacrossthe inputsshouldbe returnedto a very clean 
7.0 LAYOUT,GROUNDS,AND BYPASSING 
groundpoint. Incorrectlygroundingthe ADC0806112will re- 
sult in reducedconversionaccuracy. 
In order to ensure fast, accurate conversions from the 
The V+ 
supply pin, VREF+, 
and VREF- 
(if not grounded) 
ADC0806112, it is necessary to use appropriate circuit 
shouldbe bypassedwith a parallelcombinationof a 0.1 I-'F 
board layout techniques.Ideally,the analog-to-digitalcon- 
ceramiccapacitoranda 10 I-'F tantalumcapacitorplacedas 
verter's ground reference should be low impedance and 
close as possibleto the supplypin usingshort circuit board 
free of noisefrom other parts of the system.Digitalcircuits 
traces.See Figures 
7 and 8. 
can produce a great deal of noise on their ground returns 
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ADC08161 
500 ns AID Converter with S/H Function and 
2.5V Bandgap Reference 


General Description 


Using a patented 
multi-step 
AID 
conversion 
technique, 
the 


8-bit ADC08161 
CMOS AID 
converter 
offers 
500 ns conver- 
sion time, 
internal 
sample-and-hold 
(S/H), 
a 2.5V bandgap 


reference, 
and 
dissipates 
only 
100 
mW 
of 
power. 
The 


ADC08161 
performs 
an 8-bit conversion 
with a 2-bit voltage 


estimator 
that generates 
the 2 MSBs and two low-resolution 


(S-bit) flashes 
that generate 
the 6 LBSs. 


Input 
signals 
are tracked 
and 
held 
by the 
input 
sampling 


circuitry, 
eliminating 
the 
need 
for an external 
sample-and- 


hold. The ADC08161 
can perform 
accurate 
conversions 
of 


full-scale 
input 
signals 
at frequencies 
from 
DC to typically 


more than SOO kHz (full power 
bandwidth) 
without 
the need 


of an external 
sample-and-hold 
(S/H). 


For ease of interface 
to microprocessors, 
this part has been 


designed 
to appear 
as a memory 
location 
or I/O 
port with- 


out the need for external 
interfacing 
logic. 


Key Specifications 


• 
Resolution 


• 
Conversion 
time (tC()NV) 


• 
Full power 
bandwidth 


• 
Throughput 
rate 


• 
Power 
dissipation 


• 
Total 
unadjusted 
error 


8 Bits 


560 ns max (WR-R"D Mode) 


SOO kHz (typ) 


1.5 MHz min 


100 mW max 


± '12 LSB and ± 1 LSB max 


Features 


• 
No external 
clock 
required 


• 
Analog 
input voltage 
range 
from 
GND to V+ 


• 
2.5V bandgap 
reference 


Applications 


• 
Mobile 
telecommunications 


• 
Hard-disk 
drives 


• 
Instrumentation 


• 
High-speed 
data acquisition 
systems 


Ofl 


DB7 (MSB) 


DB6 


DBS 


DB. 


DB3 


DB2 


OBI 


DBO (lSB) 


- -- ---- 
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---------- -_....__ .._-_ .._. -_._ .•.• 
t:~u 
~uscepllDlIlly 
\Note 
0) 
7S0V 


Office/Distributors 
for 
availability 
and specifications. 


Supply Voltage 
(V +) 
6V 
Operating Ratings 
(Notes 
1 & 2) 


Logic Control 
Inputs 
-0.3VtoV+ 
+ 0.3V 
Temperature 
Range 
TMIN ,;; TA ,;; TMAX 


Voltage 
at Other Inputs and Outputs 
-0.3VtoV+ 
+ 0.3V 
ADC08161 
BIN, 
-40·C 
,;; TA ,;; 8S·C 


Input Current 
at Any Pin (Note 3) 
SmA 
ADC08161 
CIN, 


Package 
Input Current 
(Note 3) 
20mA 
ADC08161 
BIWM, 


ADC08161CIWM 


Power 
Dissipation 
(Note 4) 
Supply Voltage, 
(V+) 
4.SVtoS.5V 
N Package 
875mW 


WM Package 
87SmW 


Lead Temperature 
(Note S) 


N Package 
(Soldering, 
10 sec.) 
+ 260·C 


WM Package 
(Vapor Phase, 60 sec.) 
+ 21S·C 


WM Package 
(Infrared, 
15 sec.) 
+ 220·C 


Converter Characteristics 
The following 
specifications 
apply 
for RD Mode, 
V+ 
= SV, VREF+ 
= 5V, and VREF- 
= GND 
unless 
otherwise 
specified. 


Boldfacellmlta 
apply 
for 
T" = T" = TMIN to TMAXi 
all other 
limits TA = TJ = 2S·C. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
7) 
(Note 
8) 
(Limit) 


INL 
Integral 
Non Linearity 
VREF = 5V 
±% 
LSB (max) 
ADC08161BIN, 
BIWM 


ADC08161CIN, 
CIWM 
±1 
LSB (max) 


TUE 
Total Unadjusted 
Error (Note 9) 
VREF = 5V 
±% 
LSB (max) 
ADC08161BIN, 
BIWM 


ADC08161CIN, 
CIWM, 
±1 
LSB (max) 


INL 
Integral 
Non Linearity 
VREF = 2.SV, All Suffixes 
±1 
LSB (max) 


TUE 
Total Unadjusted 
Error 
VREF = 2.5V 
±1 
LSB (max) 


~.~ 
ADC08161, 
All Suffixes 


Missing 
Codes 
VREF = SV 
0 
Bits (max) 


VREF = 2.SV 
0 
Bits (max) 


Reference 
Input Resistance 
700 
500 
fi(min) 


700 
1250 
fi(max) 


VREF+ 
Positive 
Reference 
Input Voltage 
YREF- 
V (min) 


Y+ 
V (max) 


VREF- 
Negative 
Reference 
GND 
V (min) 


Input Voltage 
YREF+ 
V (max) 


VIN 
Analog 
(Note 10) 
GND - 0.1 
V (min) 


Input Voltage 
Y+ + 0.1 
V (max) 


On-Channel 
Input Current 
On Channel 
Input = SV, 


Off Channel 
Input = OV 
-0.4 
-20 
I-'A(max) 


(Note 11) 


On Channel 
Input = OV, 


Off Channel 
Input = SV 
-0.4 
-20 
I-'A(max) 


(Note 11) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 
(Note 
7) 
(Note 
8) 
(Limit) 


PSS 
Power Supply Sensitivity 
V+ = 5V ±5%, 


VREF = 4.75V 
±Y'6 
±% 
LSB (max) 


All Codes Tested 


Effective 
Bits 
VIN = 4.85 Vp_p 
7.8 
Bits 
fiN = 20 Hz to 20 kHz 


Full-Power 
Bandwidth 
VIN = 4.85 Vo-o 
300 
~ 
kHz 


THO 
Total Harmonic 
Distortion 
VIN = 4.85 Vp_p 
0.5 
% 
fiN = 20 Hz to 20 kHz 


SIN 
Signal-to-Noise 
Ratio 
VIN = 4.85 Vp_p 
50 
dB 
fiN = 20 Hz to 20 kHz 


IMD 
Intermodulation 
Distortion 
VIN = 4.85 Vp_p 
50 
dB 
fiN = 20 Hz to 20 kHz 


CVIN 
Analog 
Input Capacitance 
25 
pF 


AC Electrical Characteristics 
The following 
specifications 
apply 
for V+ 
= 
5V, t, = tf = 
10 ns, VREF+ 
= 5V, VREF- 
= OV unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25°C. 


ADC08161BIN, 
ADC08161CIN, 


Symbol 
Parameter 
Conditions 
ADC08161BIWM, 
ADC08161CIWM 
Units 


Typical 
Limit 
(Limit) 


(Note 
7) 
(Note 
8) 


twR 
Write Time 
Mode Pin to V+ 
100 
100 
ns(min) 
(Figures 2a, 2b, and 3) 


lAD 
Read Time (Time from Rising Edge 
Mode Pin to V+. 
350 
350 
ns(min) 
of WR to Falling Edge of RD) 
CMJ Suffix (Figure 2a) 
515 


tROW 
RDWidth 
Mode Pin to GND (Figure 4) 
200 
250 
ns(min) 


400 
400 
ns(max) 


tCONV 
WR-RD 
Mode Conversion 
Time 
Mode Pin to V+. 
500 
580 
ns (max) 
(tWR + tRO + tACC1) 
CMJ Suffix (Figure 2a) 
790 


tCRO 
RD Mode Conversion 
Time 
Mode Pin to GND, 
655 
900 
ns(max) 
CMJ Suffix (Figure 
1) 
940 


tACCO 
Access 
Time (Delay from Falling 
CL';; 
100 pF, Mode Pin to GND 
640 
900 
ns(max) 
Edge of RD to Output Valid) 
CMJ Suffix (Figure 
1) 
940 


tACC1 
Access 
Time (Delay from 
CL';; 
10pF 
45 
ns 
Falling Edge of RD 
CL = 100pF 
50 
110 
ns(max) 
to Output Valid) 
Mode Pin to V+. 
tRO ,;; tlNTL 
CMJ Suffix (Figure 2a) 
175 
ns(max) 


tACC2 
Access 
Time (Delay from 
CL';; 
10pF 
25 
ns 
Falling 
Edge of RD 
CL = 100pF 
30 
55 
ns(max) 
to Output Valid) 
tRO> 
tlNTL, 
CMJ Suffix, (Figures 2b and 4 ) 
80 
ns(max) 


t1H, toH 
TRI-STATE@Control 
RL = 3 kn. CL = 10 pF 


(Delay from Rising Edge 
(Figures 
" 2a,2b. 
3, and 4) 
30 
80 
ns (max) 
of RD to HI-Z State) 


trNi'L 
Delay from Rising Edge of 
Mode Pin = V+,CL 
= 50pF 
520 
890 
ns(max) 
WR to Falling Edge of INT 
(Figures 2b, and 3) 


AC Electrical Characteristics 
(Continued) 


The following specifications apply for V+ 
= 5V, t, = tf = 10 ns, VAEF+ = 5V, VAEF- = OV unless otherwise specified. 


Boldface limits apply for TA = TJ = TMINto TMAX;all other limits TA = TJ = 25"C. 


ADC08161BIN, ADC08161CIN, 


Conditions 
ADC08161BIWM, ADC08161CIWM 
Units 
Symbol 
Parameter 
(Limit) 
Typical 
Limit 
(Note 7) 
(Note 8) 


tImH 
Delay from Rising Edge of 
CL = 50pF, 
50 
95 
ns(max) 
RD to Rising Edge of INT 
CMJ Suffix (Figures 
" 2a, 2b, and 4 ) 
100 


tImH 
Delay from Rising Edge of 
CL = 50pF, 
45 
95 
ns(max) 
WR to Rising Edge of INT 
CMJ Suffix (Figure 3) 
100 


tADY 
Delay from ~ 
to ROY 
Mode Pin = OV,CL = 50 pF, 
25 
45 
RL = 3 kfl., 
ns(max) 
CMJ Suffix (Figure 
1) 
. 
50 


tlD 
Delay from iJiIT 
RL = 3 kfl., CL = 100 pF 
0 
15 
ns(max) 
to Output Valid 
(Figure 3) 


tAl 
Delay from RD to iJiIT 
Mode Pin = V+, tAD ,s;tlNTL 
60 
115 
ns(max) 
CMJ Suffix (Figure 2a) 
175 


tN 
Time between End of RD 
(Figures 
" 2a, 2b, 3 and 4 ) 
50 
50 
ns(min) 
and Start of New Conversion 


~ 
~SetupTime 
(Figures 
" 2a, 2b, 3 and 4 ) 
0 
0 
ns(max) 


~H 
~HoldTime 
~ 
(Figures 
" 2a, 2b, 3 and 4 ) 
0 
0 
ns(max) 


DC Electrical Characteristics 
The following specifications apply for V+ = 5V unless otherwise specified. Boldface 
limits 
apply 
for TA = T•• = TMIN to 
TMAX; all other limits TA = TJ = 25"C. 


ADC08161BIN, ADC08161CIN, 


Symbol 
Parameter 
Conditions 
ADC08161BIWM, ADC08161CIWM 
Units 


Typical 
Limit 
(Limit) 


, 
I 
(Note 7) 
(Note 8) 


VIH 
Logic "1" Input Voltage 
V+=5.5V 
~, 
WR, RD, AO,A1, A2 Pins 
2.0 
V (min) 
Mode Pin 
3.5 


VIL 
Logic "0" Input Voltage 
V+ = 4.5V 
~, 
WR, RD, AO,A1, A2 Pins 
0.8 
V (max) 
Mode Pin 
I" 
1.5 


IIH 
Logic "1" Input Current 
VH = 5V 
~, 
RD, AO,A1, A2 Pins 
0.005 
1 
WRPin 
0.1 
3 
,...A(max) 


Mode Pin 
" 
50 
200 


IlL 
Logic "0" Input Current 
VL = OV 
~, 
RD, WR, AO,A1, A2 
Mode Pins 
-0.005 
-2 
,...A(max) 


VOH 
Logic "1" Output Voltage 
V+ = 4.75V 
lOUT= -360,...A 
2.4 
V (min) 
080-087, 
OFL, TNT 
lOUT= -10,...A 
4.5 
V (min) 


I 
080-087, 
OFL, INT 


DC Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for V + = 5V unless otherwise 
specified. 
Boldface limits apply for TA = T•• = TIlIN to 
TIIAX; 
all other 
limits TA = TJ = 25°C. 


ADC08161BIN. 
ADC08161CIN. 


Symbol 
Parameter 
Conditions 
ADC08161BIWM, 
ADC08161CIWM. 
Units 


Typical 
Umlt 
(Limit) 


(Note 
7) 
(Note 8) 


VOL 
Logic "0" 
Output Voltage 
V+ = 4.75V 


lOUT = 1.6mA 
0.4 
V (max) 
DBO-DBl, 
OFC, INT, RDY 


10 
TRI-STATE 
Output 
Current 
VOUT = 5.0V 
0.1 
3 
",A (max) 
DBO-DBl, 
RDY 


VOUT = OV 
-0.1 
-3 
",A (max) 
DBO-DBl, 
RDY 


ISOURCE 
Output 
Source Current 
VOUT = OV 
-26 
-e 
mA(min) 
DBO-DBl, 
OFL, INT 


ISINK 
Output Sink Current 
VOUT = 5V 
24 
7 
mA(min) 
DBO-DBl, 
OFC, INT, RDY 


Ic 
Supply Current 
~ 
= WR = RD = 0 
11.5 
20 
mA(max) 


COUT 
Logic Output Capacitance 
5 
pF 


CIN 
Logic Input Capacitance 
5 
pF 


Ell 


Bandgap Reference Electrical Characteristics 
The following 
specifications 
apply for V + = 5V unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TMIN to 
TMAXI 
all 
other 
limits TA = TJ = 25°C. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
7) 
(Note 
8) 
(Limit) 


VREFOUT 
Internal 
Reference 
Output Voltage 
"S" 
Grade 
2.5 
2.5 ± 1.5% 
V (max) 
"c" 
Grade 
2.5 ± 2.0% 


~VREF/~T 
Internal 
Reference 
Temperature 
40 
ppmrc 
Coefficient 


~VREF/~IL 
Internal 
Reference 
Load 
Sourcing 
(0 S; IL s; + 10 mAl 
0.Q1 
0.1 
%/mA(max) 
Regulation 


Line Regulation 
r 
4.75V 
s; V+ 
s; 5.25V 
0.5 
6.0 
mV(max) 


Isc 
Short Circuit Current 
VREV = OV 
35 
mA(max) 


~VREF/~t 
Long Term Stability 
200 
ppm/kHr 


Start-Up 
Time 
V+: 
OV -+ 5V, CL = 220,...F 
40 
ms 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifteations 
do not apply when operating 
the devtce beyond its specified operating ratings. Operating Ratings indicate conditions for which the device is functional, 
but do not guarantee performance 
limits. 


For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The .guaranteed specifications 
apply only for the test conditions 
listed. Some 
performance 
characteristics 
may degrade when the device is not operated 
under the listed test conditions. 


Note 2: All voltages are measured with respect to the GND pin, unless otherwise 
specified. 


Note 3: Whenthe inputvoltage(V,Nl at anypinexceedsthepowersupplyvoltage(V'N < GND or V'N > V+), theabsolutevalueof the currentat thatpinshouldbe 
limited to 5 mA or less. The 20 mA package input current specification 
limits the number of pins that can exceed the power supply boundaries 
with a 5 mA current 
limit to four. 


Note 
4: The power dissipation 
of this device under normal operation 
should never exceed 875 mW (Quiescent 
Power Dissipation + TIL 
Loads on the digital 
outputs). Caution should be taken not to exceed absolute maximum power rating when the device is operating 
in a severe fault condition 
(e.g., when any input or 
output 
exceeds 
the power supply). The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is dictated 
by TJMAX (maximum 
junction 
temperature), 
8JA (package junction to ambient thermal resistance), 
and TA (ambient temperature). 
The maximum allowable power dissipation at any temperature 
is PDmax = (TJMAX - 
T!J18 JA or the number given in the Absolute 
Maximum Ratings, whichever 
is lower. The table below details TJMAX and 8JA for the various 
pacl<agesand versionsof the ADC08161. 


Part Number 
TJMAX 
8JA 


ADC08161B/CIN 
105 
51 


ADC08161B/CIWM 
105 
85 


Note 5: See AN-450 "Surface 
Mounting Methods and Their Effect on Product Reliability" 
for other methods of soldering surface mount devices. 


Note 6: Humanbody model,100 pF dischargedthrougha 1.5 kG resistor. 


Note 7: Typicals are at 25°C and represent 
most likely parametric 
norm. 


Note 8: Limits are guaranteed 
to National's 
AOOL (Average Output Quality Level). 


Note 9: Total unadjusted 
error includes offset, full-scale, and linearity errors. 


Note 10: Two on-chip dk>des are tied to each analog input and are reversed biased during normal operation. One is connected 
to V+ and the other is connected 
to 
GND. They will become forward biased and conduct when an analog input voltage is equal to or greater than one diode drop above V+ or below GND. Therefore, 
caution should be exercised when testing with V+ 
= 4.5V. Analog inputs with magnitUdes equal to 5V can cause an input diode to conduct, especially at elevated 
temperatures. 
This can create conversion 
errors for analog signals near full-scale. 
The specification 
allows 50 mV forward bias on either diode; e.g., the output 
code will be correct as long as the analog input signal does not exceed the supply voltage by more than 50 mY. Exceeding this range on an unselected 
channel will 
corrupt the reading of a selected channel. An absolute analog input signal voltage range of OV s: VIN s: 5V can be achieved by ensuring that the minimum supply 
voltage applied to V+ 
is 4.950V over temperature 
variations, 
initial tolerance, 
and loading. 


Note 
11: Off-channelleakage 
current is measured on the on-channel 
selection. 
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Test Circuit and Waveforms 


t1H 


V+ 


RD 
DATA 
OUTPUT 


1: 


3k!l 


TUH111149-2 


toH 


V+ 
V+ 


3k!l 
RD 
DATA 
OUTPUT 
1: 


TL/H111149-3 


CS 


Ro 


RO 


GND 


~ 


lH 


VOH 
90:1; 


DATA OUTPUTS 


GND 


90% 


50:1; 


GND 
10%J- 


H 
V+ 


DATA OUTPUTS 
V 
10% 


OL 


fII 


-------------< 
DATA B 
)-. 


I1H·IOH 


FIGURE 
2b. WR-RD 
Mode 
with 
tRD > tlNTL (Mode 
Pin Is High) 


TUH/11149-9 
FIGURE 3. WR-RD Mode Reduced Interface System Connection with CS = RD = 0 (Mode Pin Is High) 


DATA 
8 > 
{ 
D~TA 


FIGURE 4. RD Mode (Pipeline Operation); tROWmust be between 200 ns and 400 ns. 


(Mode Pin Is Low) 
fI 


_..- 
r -----.- 
•• _._._ 
•• _ ••• ."..,.I.U1:l" 
"ereren"e 
voltage 


800 
0.6 


'1+=51/ 
0.5 
1\ 


'1+=51/ 
/ 
o.s 
T,=25OC 
T,=25OC 


7SO 
" 


0.4 
V./ 
~ 
m 
..•..•... 


0.4 
~ 


~ 
700 
m 
""- 
m 
0.3 


V~ 
/,/ V/ ,r 
:il 
0 
............ 


e; 
0.3 
m 
m 


1= 
050 
1: 
5: 
0.2 
~~/ 
~ 0.2 
:; 
~ 
OOO-Vy 
0.1 
0.1 


550 
0 
0 
-'00 
-so 
0 
so 
100 
ISO 
0 
1 
2 
3 
< 
5 
0 
, 
2 
3 
< 
5 


AMSIENT 
TEMPERATURE 
(OC) 
RErERENcr 
VOlTAGE 
(V) 
RErERENcE 
VOLTAGE (V) 


Reference 
Output 
Voltage 
vs 
Logic Threshold 
vs 
Supply Current 
vs Temperature 
Temperature 
Temperature 
16 


1/+=5.51/ 
2.515 
::~::!p'n_ 


1.5 


•• 
-V']S-:: 


2.510 
/ " 
u 
1 
""- 
V+!5.5V 
2.S05 


~ 
/ 


1.3 
-- 


12 
-'1+"'4, 
~ r.:::.•.. 
~ 
r--~: 
a 


2.500 
/ 
~ 


~ 


10 
1.2 
'1+=4.51/_ 
............- 


2.495 
-I"- 


8 
2 .• 90 
/ 
1.1 


8 
2.<485 
1.0 
-100 
-so 
0 
50 
100 
150 
-100 
-so 
0 
50 
100 
150 
-100 
-50 
0 
so 
100 
150 


TEMPERATURE 
(OC) 
TEMPERATURE 
(OC) 
TEMPERATURE 
(OC) 


Output 
Current 
vs Temperature 


<0 


V+~5V 


30 
.. 
'SINK'" --- 
20 
.!. 


!ii 
10 
:;: 
B 
0 


~ 


-'0 


-20 
0 
---- 
-30 


-<0 
ISOUIlCE 


-100 
-50 
0 
50 
100 
'50 


TEMPERATURE 
(OC) 
TL/H/lll<9-11 


Oual-In-Llne 
and Wide-Body 
Smail-Outline 
Packages 
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16 
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TL/H/11149-14 
See NS Package 
Number 
N20A or M20A 


Industrial 
( - 40"C ,;; TA ,;; 8S·C) 
Package 


ADC08161 
BIN, ADC08161CIN 
N20A 


ADC08161 
BIWM, ADC08161 
CIWM 
M20B 


Pin Description 


VIN 
This 
is the 
analog 
input. 
The 
input 
range 
is 


GND-50 
mV ,;; VINPUT ,;; V+ + 50 mY. 


DBO-DB7 
TRI-STATE 
data 
outputs-bit 
0 (LSB) 
through 
bit 7 (MSB). 


WR/RDY 
WR-RO 
Mode 
(Logic 
high 
applied 
to 
MODE 


pin) 


WR: With cg low, the conversion 
is started 
on 


the rising edge of WR. The digital result will be 
strobed 
into the output 
latch at the end of con- 


version 
(see Figures 
2a, 2b, and 3). 


RO Mode 
(Logic 
low applied 
to MODE 
pin) 


ROY: This is an open 
drain output 
(no internal 


pull-up device). 
RDY will go low after the falling 


edge of cg and returns 
high at the end of con- 


version. 


MODE 
Mode: 
Mode 
(RO or WR-RO) 
selection 
input- 


This pin is pulled to a logic low through 
an inter- 


nal 50 /LA current 
sink when 
left unconnected. 


RO Mode 
is selected 
if the 
MODE 
pin is left 


unconnected 
or externally 
forced 
low. A com- 


plete conversion 
is accomplished 
by pulling 
RD 


low until output 
data appears. 


WR-R[j Mode 
is selected 
when 
a high is ap- 


plied to the MODE pin. A conversion 
starts with 


the WR signal's 
rising edge and then using RD 


to access 
the data. 


RD 
WR-RO 
Mode 
(logic high on the MODE 
pin) 


This is the active 
low Read 
input. With a logic 


low applied 
to the cg pin, the TRI-STATE 
data 


outputs 
(DBO-DB7) 
will be activated 
when Ri5 


goes low (see Figures 
2a, 2b and 3). 


RO Mode 
(logic low on the MODE 
pin) 


Pin Description 
(Continued) 
With cg low, a conversion starts on the falling 
edge of RD. Output data appears on DBO-DB? 
at the end of conversion (see Figures t and 4). 
INT 
This is an active low output that indicates that a 
conversion is complete and the data is in the 
output latch. INT is reset by the rising edge of 
RD. 
This is the power supply ground pin. The 
ground pin should be connected to a "clean" 
ground reference point. 


These are the reference voltage inputs. They 
may be placed at any voltage between GND - 
50 mV and V+ + 50 mV, but VREF+ must be 
greater than VREF-. Ideally, an input voltage 
equal to VREF- produces an output code of 0, 
and an input voltage greater than VREF+ - 
1.5 LSB produces an output code of 255. 
For the ADC08161 an input voltage that ex- 
ceeds V+ by more than 100 mV or is below 
GND by more than 100 mV will create conver- 
sion errors. 
This is the active low Chip Select input. A logic 
low signal applied to this input pin enables the 
Rl5 and WR" inputs. Internally, the cg signal is 
ORed with AD and WR signals. 


N[ 
Overflow Output. If the analog input is higher 
than VREF+, N[ will be low at the end of con- 
version. It can be used when cascading two 
ADCOB161s to achieve higher resolution (9 
bits). This output is always active and does not 
go into TRI-STATE as DBO-DB? do. When 
N[ is set, all data outputs remain high when 
the ADCOB061'soutput data is read. 


V+ 
Positive power supply voltage input. Nominal 
operating supply voltage is + 5V. The supply 
pin should be bypassed with a 10 /LFbead tan- 
talum in parallel with a 0.1 ceramic capacitor. 
Lead length should be as short as possible. 


VREFOUT 
The internal bandgap reference's 2.5V output 
is available on this pin. Use a 220 ,.,.Fbypass 
capacitor between this pin and analog ground. 


2/8 
OB7 


1/8 
OB6 


OB5 
0:: 
w 
TRI-STATE 
Cl 
084 
8/256 
0 
OUTPUT 
u 
w 
BUFFER 
OB3 
Cl 


7/256 
082 


OBI 
6/256 


DBa 


5/256 


4/256 
I 
I 
I 
1/256 
--" 


1.0 FUNCTIONAL 
DESCRIPTION 
The ADC08161 performs an 8-bit analog-to-digital conver- 
sion using a multi-step flash technique. The first flash gener- 
ates the five most significant bits (MSBs) and the second 
flash generates the three least significant bits (LSBs). Fig- 
ure 5 shows the major functional blocks of the ADC08161 
multi-step flash converter. It consists of an over-encoded 
2'12-bitVoltage Estimator, an internal DAC with two different 
voltage spans, a 3-bit half-flash converter and a comparator 
multiplexer. 
The resistor string near the center of the block diagram in 
Figure 
5 forms the internal main DAC. Each of the eight 


resistors at the bottom of the string is equal to 1/256 of the 
total string resistance. These resistors form the LSB lad- 
der and have a voltage drop of 1/256 of the total reference 
voltage (VREF+ - 
VREF-) across them. The remaining re- 


sistors make up the MSB Ladder. They are made up of 
eight groups of four resistors connected in series. Each 
MSB Ladder section has ~ of the total reference voltage 
across it. Within a given MSB Ladder secllon, each of the 
MSB resistors has 8/256, or %2 of the total reference volt- 


age across it. Tap points are found between all of the resis- 
tors in both the MSB and LSB Ladders. Through the Com- 
parator Multiplexer these tap points can be connected, in 
groups of eight, to the eight comparators shown at the right 
of Figure 5. This function provides the necessary reference 
voltages to the comparators during each flash conversion. 
The six comparators, seven-resistor string (estimator DAC), 
and Estimator Decoder at the left of Figure 5 form the Volt- 
age Estimator. The estimator DAC connected 
between 
VREF+ and VREF- generates the reference voltages for 
the six Voltage Estimator comparators. These comparators 
perform a very low resolution A/D conversion to obtain an 
"estimate" of the input voltage. This estimate is then used 
to control the Comparator Multiplexer, connecting the ap- 
propriate MSB Ladder section to the eight flash compara- 
tors. Only 14 comparators, six in the Voltage Estimator and 
eight in the flash converter, are needed to achieve the full 
eight-bit resolution, instead of 32 comparators that would be 
needed by traditional half-flash methods. 


A conversion begins with the Voltage Estimator comparing 
the analog input signal against the six tap voltages on the 
estimator DAC. The estimator decoder then selects one of 


Application 
Information 
(Continued) 


the groups 
of tap points along the MSB Ladder. 
These 
eight 


tap points 
are then 
connected 
to the eight flash 
compara- 


tors. For example, 
if the analog 
input signal applied 
to VIN is 


between 
0 and 3/,• of VREF (VREF = VREF+ 
- 
VREF-), 
the 


estimator 
decoder 
instructs 
the 
comparator 
multiplexer 
to 


select 
the eight tap points 
between 
8/256 
and 2/8 
of VREF 


and connects 
them to the eight flash comparators. 
The first 


flash conversion 
is now performed, 
producing 
the five MSBs 


of data. 


The 
remaining 
three 
LSBs 
are 
generated 
next 
using 
the 


same 
eight 
comparators 
that 
were 
used 
for the first 
flash 


conversion. 
As determined 
by the results 
of the MSB flash, 
a voltage 
from the MSB Ladder 
equivalent 
to the magnitude 


of the five MSBs is subtracted 
from the analog 
input voltage 


as the upper 
switch 
is moved 
from 
position 
one to position 


two. The resulting 
remainder 
voltage 
is applied 
to the eight 


flash comparators 
and, with the lower switch in position 
two, 
compared 
with the eight tap points 
from the LSB Ladder. 


By using the same eight comparators 
for both flash conver- 


sions, the number 
of comparators 
needed 
by the multi-step 


converter 
is significantly 
reduced 
when 
compared 
to stan- 


dard half-flash 
techniques. 


Voltage 
Estimator 
errors 
as large as 'A. of VREF (16 LSBs) 


will be corrected 
since the flash comparators 
are connected 


to ladder 
voltages 
that 
extend 
beyond 
the range 
specified 


by the Voltage 
Estimator. 
For example, 
if 7/,. VREF < VIN < 
9/,. VREF the 
Voltage 
Estimator's 
comparators 
tied to the 


tap points 
below 9/,. VREF will output 
"1 "s (000111). 
This is 


decoded 
by the estimator 
decoder 
to "10". 
The eight flash 


comparators 
will be placed 
at the 
MSB 
Ladder 
tap 
points 


between % VREF and % VREF. The overlap 
of 'A. VREF on 


each side of the Voltage 
Estimator's 
span will automatically 


correct 
an error of up to 16 LSBs (16 LSBs = 312.5 mV for 


VREF = 5V). If the first flash conversion 
determines 
that the 


input voltage 
is between 
% VREF and 'V. VREF - 
LSB/2, 


the 
Voltage 
Estimator's 
output 
code 
will 
be corrected 
by 


subtracting 
"1 ". This results 
in a corrected 
value of "01 ". If 


the first flash conversion 
determines 
that the input voltage 
is 


between 
./'. 
VREF - 
LSB/2 
and % VREF, the Voltage 
Esti- 
mator's 
output 
code 
remains 
unchanged. 


After 
correction, 
the 2-bit 
data from 
both 
the Voltage 
Esti- 
mator and the first flash conversion 
are decoded 
to produce 
the five 
MSBs. 
Decoding 
is similar 
to that 
of a 5-bit flash 


converter 
since there 
are 32 tap points 
on the MSB Ladder. 
However, 
31 comparators 
are not needed 
since the Voltage 


Estimator 
places 
the eight comparators 
along the MSB Lad- 


der where 
reference 
tap voltages 
are present 
that fall above 


and below the magnitude 
of VIN. Comparators 
are not need- 


ed outside 
this selected 
range. 
If a comparator's 
output 
is a 


"0", 
all comparators 
above 
it will also 
have outputs 
of "0" 
and if a comparator's 
output 
is a "1 ", all comparators 
below 


it will also have outputs 
of "1". 


2.0 DIGITAL 
INTERFACE 


The 
ADC08161 
has two 
basic 
interface 
modes 
which 
are 


selected 
by connecting 
the MODE pin to a logic high or low. 


2.1 RDMode 


With 
a logic low applied 
to the MODE 
pin, the converter 
is 


set to Read 
mode. 
In this 
configuration 
(see Figure 1), a 


complete 
conversion 
is done by pulling RD low, and holding 


low, 
until the 
conversion 
is complete 
and 
output 
data 
ap- 


pears. 
This typically 
takes 
655 
ns. The iNi (interrupt) 
line 


goes low at the end of conversion. 
A typical delay of 50 n8 is 


needed 
between 
the rising 
edge 
of cg (after 
the end of a 


conversion) 
and the start of the next conversion 
(by pulling 


RD low). The RDY output 
goes low after the falling 
edge of 


~ 
and goes high at the end-of-conversion. 
It can be used 
to signal a processor 
that the converter 
is busy or serve as a 


system 
Transfer 
Acknowledge 
signal. 


2.2 RD Mode 
Plpellned 
Operation 


Applications 
that require 
shorter 
RD pulse widths 
than those 


used 
in 
the 
Read 
mode 
as 
described 
above 
can 
be 


achieved 
by setting 
RD's 
width 
between 
200 
ns-400 
ns 


(Figure 4). RD pulse 
widths 
outside 
this 
range 
will 
create 


conversion 
linearity 
errors. These 
errors are caused 
by exer- 


cising 
internal 
interface 
logic circuitry 
using ~ 
and/or 
RD 


during 
a conversion. 


When 
RD goes 
low, a conversion 
is initiated 
and the data 


from the previous 
conversion 
is available 
on the DBO-DB? 


outputs. 
Reading 
DBO- DB? for the first two times after pow- 


er-up 
produces 
random 
data. 
The data will be valid 
during 


the third 
RD pulse that occurs 
after the first conversion. 


2.3 WR·RD 
(WR then 
RD) Mode 


The ADC08161 
is in the WR·RD 
mode 
with the MODE 
pin 


tied high. A conversion 
starts on the rising edge of the WR 


signal. 
There 
are two 
options 
for reading 
the 
output 
data 


which 
relate 
to 
interface 
timing. 
If 
an 
interrupt-driven 


scheme 
is desired, 
the user can wait for the INT output to go 


low before 
reading 
the conversion 
result 
(see Figure 2b). 


Typically, iNi will go low 690 ns, maximum, 
after WR's 
ris- 


ing edge. 
However, 
if a shorter 
conversion 
time 
is desired, 
the processor 
need not wait for INT and can exercise 
a read 


after only 350 ns (see Figure 28). If RD is pulled 
low before 


INT goes low, INT will immediately 
go low and data will ap- 


pear at the outputs. 
This is the fastest 
operating 
mode 
(tRD 
:s;tINTL) with a conversion 
time, including 
data access 
time, 


of 560 ns. Allowing 
100 ns for reading 
the conversion 
data 


and the delay between 
conversions 
gives a total throughput 


time of 660 ns (throughput 
rate of 1.5 MHz). 


2.4 WR·RD 
Mode 
with 
Reduced 
Inter1ace 
System 


Connection 


~ 
and RD can be tied low, using 
only WR to control 
the 


start of conversion 
for applications 
that require reduced 
digi- 


tal interface 
while operating 
in the WR·RD 
mode 
(Figure 3). 


Data will be valid approximately 
?05 ns following 
WR's 
ris- 


ing edge. 


,---------------------------------------,» 
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Application 
Information 
(Continued) 


3.0 REFERENCE 
INPUTS 


The ADC08161's two VREFinputs are fully differential and 
define the zero to full-scale input range of the A to D con- 
verter. This allows the designer to vary the span of the ana- 
log input since this range will be equivalent to the voltage 
difference between VREF+ and VREF-. Transducers that 
have outputs that minimum output voltages above GND can 
also be compensated by connecting VREF- to a voltage 
that is equal to this minimum voltage. By reducing VREF 
(VREF= VREF+-VREF-) to less than 5V, the sensitivity of 
the converter can be increased (Le., if VREF = 2.5V, then 1 
LSB = 9.8 mY). The reference arrangement also facilitates 
ratiometric operation and in may cases the power supply 
can be used for transducer power as well as the VREF 
source. Ratiometric operation is achieved by connecting 
VREF- to GND and connecting VREF+ and a transducer's 
power supply input to V+. The ADC08161s accuracy de- 
grades when VREF+ -lvREF _I is less than 2.0V. 
The voltage at VREF- sets the input level that produces a 
digital output of all zeroes. Through VIN is not itself differen- 
tial, the reference design affords nearly differential-input ca- 
pability for some measurement applications. Figure 6 shows 
one possible differential configuration. 


It should be noted that, while the two VREFinputs are fully 
differential, the digital output will be zero for any analog in- 
put voltage if VREF- ;;" VREF+. 


4.0 ANALOG 
INPUT 
AND SOURCE 
IMPEDANCE 


The ADC08161's analog input circuitry includes an analog 
switch with an "on" resistance of 700 and a 1.4 pF capaci- 
tor (see Figure 
6). The switch is closed during the AID's 


input signal acquisition time (while WR is low when using the 
WR-RD Mode). A small transient current flows into the input 
pin each time the switch closes. A transient voltage, whose 
magnitude can increase as the source impedance increas- 
es, may be present at the input. So long as the source im- 
pedance is less than 5000, the input voltage transient will 
not cause errors and need not be filtered. 
Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 5000 
should be used if rated accuracy is to be 


achieved at the minimum sample time (100 ns maximum). A 
signal source with a high output impedance should have its 
output buffered with an operational amplifier. Any ringing or 
voltage shifts at the op amp's output during the sampling 
period can result in conversion errors. 


Some suggested input configurations using the internal 2.5V 
reference, an external reference, and adjusting the input 
span are shown in Figure 
7. 


Correct conversion results will be obtained for input volt- 
ages greater than GND - 
100 mV and less than V+ + 


100 mY. Do not allow the signal soUrce to drive the analog 
input pin more than 300 mV higher than V+, or more than 
300 mV lower than GND. The current flowing through any 
analog input pin should be limited to 5 mA or less to avoid 


permanent damage to the IC if an analog input pin is forced 
beyond these voltages. The sum of all the overdrive cur- 
rents into all pins must be less than 20 mA. Some sort of 
protection scheme should be used when the input signal is 
expected to extend more than 300 mV beyond the power 
supply limits. A simple protection network using resistors 
and diodes is shown in Figure 
8. 


5.0 INHERENT 
SAMPLE-AND-HOLD 
An important benefit of the ADC08161's input architecture is 
the inherent sample-and-hold (S/H) and its ability to mea- 
sure relatively high speed signals without the help of an 
external S/H. In a non-sampling converter, regardless of its 
speed, the input must remain stable to at least y. LSB 
throughout the conversion process if full accuracy is to be 
maintained. Consequently, for many high speed signals, this 
signal must be externally sampled and held stationary dur- 
ing the conversion. 


The ADC08161 is suitable for DSP-based systems because 
of the direct control of the S/H through the WR signal. The 
WR input signal allows the AID to be synchronized to a DSP 
system's sampling rate or to other ADC08161s. 
The ADC08161 can perform accurate conversions of full- 
scale input signals at frequencies from DC to more than 300 
kHz (full power bandwidth) without the need of an external 
sample-and-hold (S/H). 


6.0 INTERNAL 
BANDGAP 
REFERENCE 


The ADC08161 has an internal bandgap 2.5V reference that 
can be used as the VREF+ input. A parallel combination of 
a 0.1 ,..Fceramic capacitor and a 220 ,..Ftantalum capacitor 
should be used to bypass the VREFOUTpin. This reduces 
possible noise pickup that could cause conversion errors. 


7.0 LAYOUT. 
GROUNDS, 
AND BYPASSING 
In order to ensure fast, accurate conversions from the 
ADC08161, it is necessary to use appropriate circuit board 
layout techniques. Ideally, the analog-to-digital converter's 
ground reference should be low impedance and free of 
noise from other parts of the system. Digital circuits can 
produce a great deal of noise on their ground returns and, 
therefore, should have their own separate ground lines. 
Best performance is obtained using separate ground planes 
should be prOVidedfor the digital and analog parts of the 
system. 


The analog inputs should be isolated from noisy signal 
traces to avoid having spurious signals couple to the input. 
Any external component (e.g., an input filter capacitor) con- 
nected across the inputs should be returned to a very clean 
ground point. Incorrectly grounding the ADC08161 may re- 
sult in reduced conversion accuracy. 


The V+ supply pin, VREF+, and VREF- (if not grounded) 
should be bypassed with a parallel combination of a 0.1 ,..F 
ceramic capacitor and a 10 ,..Ftantalum capacitor placed as 
close as possible to the pins using short circuit board 
traces. See Figures 
7 and 8. 


fII 


Internal Reference 2.5V Full-Scale 
(Standard Application) 
Input Not Referred to GND 


V1N(.) 


~ 
5V 


TL/H/11149-19 
TLlHI11149-21 


·Signal source driving VIN( -) 
must be capable of 


sinking 5 mA. 


Note: Bypass capacitors 
consist of a 0.1 J.l.Fceramic in parallel with a 10 ,.,.Fbead tantalum, unless otherwise 
specified. 


r--------., 
I 
5V 
I 
I 
I 
I 
I 
I 
I 
V1NI I 
ISO 
ISO 
I 


I 
I 
I 
I 
I 
I 
"'--------~ 
OPTIONAL; 
SEE TEXT 


VREf- 


GNO 


+ 
220j.lF 
I 
I 
0.1j.lF 
+ 
O.'j.lf 
I 
I'Oj.lF 


TLiH/11149-22 
FIGURE 8. Typical Connection. Note the multiple bypass capacitors on the reference and power supply pins. VREF- 
should be bypassed to analog ground using multiple capacitors If It Is not grounded (See Section 7.0 "LAYOUT, 


GROUNDS, and BYPASSING"). VIN1Is shown with an optional Input protection 
network. 


f}1National 
Semiconductor 


ADC1001 10·Bit JJ;pCompatible AID Converter 


General Description 
The ADC1001 is a CMOS. 10-bit successive approximation 
AID converter. The 20-pin ADC1001 is pin compatible with 
the ADC0801 8-bit AID family. The 10-bit data word is read 
in two 8-bit bytes. formatted left justified and high byte first. 
The six least significant bits of the second byte are set to 
zero. as is proper for a 16-bit word. 
Differential inputs provide low frequency input common 
mode rejection and allow offsetting the analog range of the 
converter. In addition. the reference input can be adjusted 
enabling the conversion of reduced analog ranges with 10- 
bit resolution. 


Features 
• 
ADC1001 is pin compatible with ADC0801 series 8-bit 
AID converters 
• 
Compatible with NSC800 and 8080 ,...Pderivatives-no 
interfacing logic needed 


• 
Easily interfaced to 6800 ,...Pderivatives with minimal 
external logic 
• 
Differential analog voltage inputs 
• 
Logic inputs and outputs meet both MOS and TTL volt- 
age level specifications 
• 
Works with 2.5V (LM336) voltage reference 
• 
On-chip clock generator 
• 
OVto 5V analog input voltage range with single 5V sup- 
ply 
• 
Operates ratiometrically or with 5 VDC.2.5 VDC.or ana- 
log span adjusted voltage reference 
• 
0.3" standard width 20-pin DIP package 


Key Specifications 


• 
Resolution 
• 
Linearity error 
• 
Conversion time 


10 bits 
±1 LSB 


200,...S 


ADC1001 (for an 8-blt data bus) 
Dual-ln-L1ne Package 


CS 
1 


RD 
2 


WR 
3 


ClK IN 
4 


INTR 
5 


V1N(+) 
6 


V1N(-) 
7 


A GND 
8 


VREF/2 
9 
o GND 
10 


20 
Vcc (OR VREF) 


19 
ClK R 


18 
81T 2 
0 


17 
81T 3 
0 


16 
BIT4 
0 


15 
BIT 5 
0 


14 
BIT 6 
0 


13 
BIT 7 
0 


12 
BIT 8 
BIT 0 (lSB) 


11 
(WSB) BIT 9 
BIT 1 


1g BYTE 2!i11 BYTE 


Temperature Range 
O"Cto +70"C 
-40"C to +8SoC 


Order Number 
ADC1001CCJ-1 
ADC1001CCJ 


Package Outline 
J20A 
J20A 


n.vv IVV 
IVV\J-I 
v-vS. 
I AS. + IU"\'; 
Supply Voltage 
(Vccl 
(Note 3) 
6.5V 
RangeofVcC 
4.5 VOC to 6.3 VOC 
Logic Control 
Inputs 
-0.3V 
to + 18V 


Voltage 
at Other 
Inputs and Outputs 
-0.3V 
to (Vcc+0.3V) 


Storage 
Temperature 
Range 
-65'C 
to + 150'C 


Package 
Dissipation 
at TA = 25'C 
875mW 


Lead Temp. 
(Soldering, 
10 seconds) 
300'C 


ESD Susceptibility 
(Note 10) 
800V 


Converter 
Characteristics 


Converter 
Specifications: 
VCC = 5 Voc. VAEF/2 = 2.500 VOC. TMIN,;;T A,;;T MAX and fCLK = 410kHz 
unless otherwise 
specified. 


Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Linearity 
Error 
±1 
LSB 


Zero Error 
±2 
LSB 


Full-Scale 
Error 
±2 
LSB 


Total Ladder 
Resistance 
(Note 9) 
Input Resistance 
at Pin 9 
2.2 
4.8 
Kfi 


Analog 
Input Voltage 
Range 
(Note 4) V(+) 
orV(-) 
GND-0.05 
Vcc+0.05 
VOC 


DC Common-Mode 
Error 
Over Analog 
Input Voltage 
Range 
±'/s 
LSB 


Power Supply Sensitivity 
VCC=5 
VoC±5% 
Over 
±'/s 
LSB 


Allowed 
VIN( +) 
and VIN( -) 


Voltage 
Range (Note 4) 
I 


AC Electrical Characteristics 


Timing 
Specifications: 
Vcc=5 
VOC and TA=25'C 
unless 
otherwise 
specified. 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Tc 
Conversion 
Time 
(Note 5) 
80 
90 
1/fCLK 


fCLK=410 
kHz 
195 
220 
,",S 


fCLK 
Clock Frequency 
(Note 8) 
100 
1260 
kHz 


Clock Duty Cycle 
40 
60 
% 


CR 
Conversion 
Rate In Free-Running 
INTR tied to WR with 
4600 
conv/s 


Mode 
CS=O 
VOC. fCLK=410 
kHz 


tW(WA)L 
Width of WR Input (Start Pulse 
CS=O 
VOC (Note 6) 
150 
ns 


Width) 


tACC 
Access 
Time (Delay from 
CL =100pF 
170 
300 
ns 


Falling 
Edge of RD to Output 


Data Valid) 


t1H. toH 
TRI-STATE~ 
Control 
(Delay 
CL = 10 pF, RL = 10k 
125 
200 
ns 
from Rising Edge of RD to 
(See TRI-STATE 
Test 


Hi-ZState) 
Circuits) 


tWI. tAl 
Delay from Falling Edge 
300 
450 
ns 


of WR or RD to Reset of INTR 


t1rs 
INTR to 1st Read Set-Up Time 
550 
400 
ns 


CIN 
Input Capacitance 
of Logic 
5 
7.5 
pF 


Control 
Inputs 


COUT 
TRI-STATE 
Output 
5 
7.5 
pF 


Capacitance 
(Data Buffers) 


DC Electrical Characteristics 


The following 
specifications 
apply for VCC = 5 VDC and TMIN,,;T A"; 
TMAX, unless 
otherwise 
specified. 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


CONTROL 
INPUTS 
[Note: ClK 
IN is the input of a Schmitt 
trigger circuit and is therefore 
specified 
separately] 


V,N (1) 
logical 
"1" 
Input Voltage 
Vcc=5.25VDC 
2.0 
15 
VDC 


(Except 
ClK 
IN) 
< 


V,N(O) 
logical 
"0" 
Input Voltage 
VCC=4.75 
VDC 
0.8 
VDC 


(Except 
ClK 
IN) 


I'N(1) 
logical 
"1" 
Input Current 
V'N=5VDC 
0.005 
1 
/LADC 


(All Inputs) 


I'N (0) 
logical 
"0" 
input Current 
V'N=O 
VDC 
-1 
-0.005 
/LADC 


(All Inputs) 


CLOCK 
IN 


VT+ 
ClK 
IN Positive 
Going 
2.7 
3.1 
3.5 
Voc 


Threshold 
Voltage 


VT- 
ClK 
IN Negative 
Going 
1.5 
1.8 
2.1 
VDC 


Threshold 
Voltage 


VH 
ClK 
IN Hysteresis 
0.6 
1.3 
2.0 
VDC 
(VT+)-(VT-) 


OUTPUTS 
AND INTR 


VOUT(O) 
logical 
"0" 
Output Voltage 
IOUT=1.6mA, 
VCC=4.75Voc 
0.4 
Voc 


VOUT(1) 
logical 
"1" 
Output Voltage 
10= -360 
/LA, Vcc=4.75 
VDC 
2.4 
VDC 


10= -10 
/LA, Vcc=4.75 
VDC 
4.5 
VDC 


lOUT 
TRI-STATE 
Disabled 
Output 
VOUT=O.4 
VDC 
0.1 
-100 
/LADC 


leakage 
(All Data Buffers) 
VOUT=5VDC 
0.1 
3 
/LADC 


ISOURCE 
VOUT Short to GND, TA = 25'C 
4.5 
6 
mADC 


ISINK 
VOUTShorttoVcc, 
TA=25'C 
9.0 
16 
mADC 


POWER 
SUPPLY 
.. 


Icc 
Supply Current 
(Includes 
fCLK=410 
kHz, 


ladder 
Current) 
VREF/2 = NC, TA = 25'C 


andCS=1 
2.5 
5.0 
mA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specified 
operating 
conditions. 


Note 2: All voltages are measured with respect to GND, unless otherwise 
specified. 
The separate A GNO point should always be wired to the 0 GND. 


Note 3: A zener diode exists, internally, from Vcc to GND and has a typical breakdown 
voltage of 7 Voc. 


Note 4: For V'Ne -)" 
V'Ne +) the digitaloutputcode will be all zeros.Two on-chipdiodesare tied to each analoginput (see Block Diagram)whichwill forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc suppty. Be careful, dUring testing at low Vcc levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct~specially 
at elevated temperatures, 
and cause errors for analog inputs near fullscale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by more than 50 mV, the output 
code will be correct. To achieve an absolute 0 Voc to 5 Voc input voltage range will therefore 
require a minimum supply voltage of 4.950 Voc over temperature 
variations, 
initial tolerance 
and loading. 


Note 5: With an asynchronous 
start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion 
process. The 
start request is internally 
latched, see Figure 
1. 


Note 6: The 'CS input is assumed to bracket the 'W'R strobe input and therefore timing is dependent 
on the WR pulse width. An arbitrarily wide pulse width will hold 
the converter 
in a reset mode and the start of conversion 
is initiated by the low to high transition 
of the WR pulse (see Timing Diagrams). 


Note 7: All typical values are for TA= 25°C. 


Note 8: Accuracy 
is guaranteed 
at fCLK= 410kHz. 
At higher clock frequencies 
accuracy can degrade. 


Note 9: The VREF/2 pin is the center point of a two resistor divider (each resistor is 2.4kfi) 
connected 
from Vcc to ground. Total ladder input resistance 
is the sum 
of these two equal resistors. 


Note 
10: Human body model, 100 pF discharged 
through a 1.5 kfi resistor. 
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logic 
Input 
Threshold 
Voltage 
vs 
Supply 
Voltage 
1.1 
1-+-+-+--5~·cldA 
k+\25JC 
.". 


Delay 
From 
Falling 
Edge 
of 
RD to Output 
Data 
Valid 
vs 
load 
Capacitance 
500 


ClK 
IN Schmitt 
Trip 
levels 


vs 
Supply 
Voltage 
I 
I 
VT+ 
f-'" 


4.75 
5.00 
5.25 


Vcc - SUPPLYVOLTAGE(Voc) 
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TRI-STATE Test Circuits and Waveforms 
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5011 
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OUTPUT 
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10k 
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':' 
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Byte 
8-Blt Data Bus Connection 


Order 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


MSB 


1st 
Bit9 
Bit8 
Bit7 
Bit6 
Bit5 
Bit4 
Bit3 
Bit2 


LSB 


2nd 
Bit1 
BitO 
0 
0 
0 
0 
0 
0 


1/ZTCLK 


TLiH/5675-7 


• 


Functional Description 


The 
ADC1001 
uses 
an advanced 
potentiometric 
resistive 


ladder 
network. 
The analog 
inputs, 
as well 
as the taps 
of 
this ladder 
network, 
are switched 
into a weighted 
capacitor 
array. 
The 
output 
of this 
capacitor 
array 
is the 
input 
to a 
sampled 
data comparator. 
This comparator 
allows 
the suc- 
cessive 
approximation 
logic to match 
the analog 
difference 


input voltage 
[VIN( +) - VIN( -)} 
to taps 
on the 
R network. 


The most significant 
bit is tested 
first and after 
10 compari- 
sons 
(80 
clock 
cycles) 
a 
digital 
10-bit 
binary 
code 
(all 


"1"s 
= full-scale) 
is transferred 
to an output 
latch 
and then 
an 
interrupt 
is asserted 
(INTR 
makes 
a high-to-low 
tran- 
sition). 
The 
device 
may 
be 
operated 
in the 
free-running 
mode 
by connecting 
INTR to the WR inut with CS=O. 
To 
ensure 
start-up 
under 
all possible 
conditions, 
an ex1ernal 
WR pulse is reqUired during the first power-up 
cycle. A con- 
version 
in process 
can be interrupted 
by issuing 
a second 
start command. 


On the 
high-to-low 
transition 
of the WR 
input 
the 
internal 
SAR latches 
and the shift register 
stages 
are reset. As long 
as the CS input and WR input remain 
low, the AID 
will re- 
main in a reset state. Conversion will start from 1 to 8 clock 
periods after at least one of these inputs makes a low-to- 
high transition. 


A functional 
diagram 
of the AID 
converter 
is shown 
in Fig- 
ure ,. All of the inputs and outputs 
are shown 
and the major 
logic control 
paths are drawn 
in heavier 
weight 
lines. 


The conversion 
is initialized 
by taking 
CS and WR simulta- 
neously 
low. This sets the start flip-flop 
(F/F) 
and the result- 
ing "1" 
level resets 
the 8-bit shift register, 
resets 
the Inter- 


rupt (INTR) 
F/F 
and inputs 
a "1" 
to the D flop, F/F1, 
which 
is at the input end of the 10-bit shift register. 
Internal 
clock 
signals 
then 
transfer 
this "1" 
to the Q output 
of F/F1. 
The 
AND gate, G1, combines 
this "1" 
output 
with a clock 
signal 
to provide 
a reset signal to the start F/F. 
If the set signal 
is 
no longer present 
(either WR or CS is a "1") 
the start F/F is 
reset 
and 
the 
10-bit 
shift 
register 
then 
can 
have 
the 
"1" 


NOTE: V,N( -) 
should be biased so 
that VIN( -)~ 
-O.Ol:\V when potentiometer 
wiper is set at most negative 
voltage 
position. 


FIGURE 
2. Zero Adjust 
Circuit 


clocked 
in, which 
allows 
the conversion 
process 
to contin- 
ue. If the set signal were to still be present, 
this reset 
pulse 
would have no effect 
and the 1O-bit shift register 
would con- 
tinue to be held in the reset 
mode. 
This logic therefore 
al- 


lows for wide CS and WR signals 
and the converter 
will start 
after at least one of these signals 
returns 
high and the inter- 
nal clocks 
again provide 
a reset signal for the start F/F. 


After 
the 
"1" 
is clocked 
through 
the 
10-bit 
shift 
register 
(which 
completes 
the SAR search) 
it causes 
the new digital 
word 
to transfer 
to the 
TRI-STATE 
output 
latches. 
When 
this 
XFER 
signal 
makes 
a high-to-low 
transition 
the 
one 
shot 
fires, 
setting 
the 
INTR 
F/F. 
An inverting 
buffer 
then 
supplies 
the INTR output 
signal. 


Note that this SET control 
of the INTR F/F 
remains 
low for 
aproximately 
400 ns. If the data output 
is continuously 
en- 
abled 
(CS and RD both 
held low), the INTR output 
will still 
signal 
the 
end 
of 
the 
conversion 
(by 
a high-to-Iow 
tran- 
sition), 
because 
the SET 
input can control 
the Q output 
of 
the INTR F/F 
even though 
the RESET 
input is constantly 
at 
a "1" 
level. This INTR output 
will therefore 
stay low for the 
duration 
of the SET signal. 


When 
data 
is to be read, the combination 
of both CS and 
RD being 
low will cause 
the INTR F/F 
to be reset 
and the 
TRI-STATE 
output 
latches 
will be enabled. 


Zero and Fun-Scale 
Adjustment 


Zero error can be adjusted 
as shown 
in Figure 2. VIN( +) is 
forced 
to + 2.5 
mV (+ 'I. lSB) 
and 
the 
potentiometer 
is 
adjusted 
until the digital output 
code changes 
from 00 0000 
0000 to 00 0000 0001. 


Full-scale 
is adjusted 
as shown 
in Figure 3, with the VREF/2 
input. With VIN (+) 
forced 
to the desired 
full-scale 
voltage 
less 
1'12 lSBs 
(VFS-1y. 
lSBs), 
VREF/2 
is adjusted 
until 
the digital 
output 
code 
changes 
from 
11 1111 
1110 to 11 
1111 1111. 


Typical Application 
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ADC1005 10-Bit I-tP Compatible AID Converter 


General Description 
The ADC1005 is a CMOS 10-bit successive approximation 
AID converter. The 20-pin ADC1005 outputs 1O-bitdata in a 
two-byte format for interface with 8-bit microprocessors. 
The ADC1005 has differential inputs to permit rejection of 
common-mode signals, allow the analog input range to be 
offset, and also to permit the conversion of signals not re- 
ferred to ground. In addition, the reference voltage can be 
adjusted, allowing smaller voltage spans to be measured 
with 10-bit resolution. 


Features 
• 
Easy interface to all microprocessors 


• 
Differential analog voltage inputs 


CS 
1 
iili 
2 


ViR 
3 


Q.KIN 
• 


INTR 
5 


VII{+) 
6 


VII{_) 
7 


AGND 
8 


VREf 
9 


DGND 
10 


20 
Voc 


19 
Q.KR 


18 
BIT2 
0 


17 
BlT3 
0 


16 
BIT. 0 


15 
BIT5 
0 


14 
BlT6 
0 


13 
BIT7 
0 


12 
BIT8 
BIT0 (LSB) 


11 
(WSB)BIT9 
BIT 1 


1STBYTE 2ND BYTE 


• 
Operates ratiometrically or with 5 Voc voltage refer- 
ence or analog span adjusted voltage reference 
• 
OVto 5V analog input voltage range with single 
5V supply 
• 
On-chip clock generator 
• 
TLL/MOS input/output compatible 
• 
0.3" standard width 20-pin DIP 
• 
Available in 20-pin molded chip carrier 
package 


Key Specifications 


• 
Resolution 
• 
Linearity Error 
• 
Conversion Time 


10 bits 


± V. LSB and ± 1 LSB 
50,...s 


Q.KR 


Vrx 
20 


CS 
1 
iili 
2 


ViR 
3 


BIT7/0 


BIT8/BIT 0 (LSB) 


(W5B) BIT9/BIT 
1 


DGND 


VR£f 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Supply Voltage 
(Vecl 
4.SVto 
6.0V 


please 
contact 
the 
NatIonal 
Semiconductor 
Sales 
Temperature 
Range 
TMN,;;TA,;;TMAX 
Office/Distributors 
for 
availability 
and 
specifications. 
ADC100SBCJ, 
ADC100SCCJ 
-40'C,;;TA';; 
+8S'C 
Supply Voltage 
(Vecl 
6.SV 
ADC1 00SBCJ-1, 
ADC100SCCJ-1, 


Logic Control 
Inputs 
-0.3Vto 
+1SV 
ADC100SCCV 
O'C,;;TA,;;70'C 
Voltage 
at Other 
Inputs and Outputs 
-0.3V 
to Vee 
+ 0.3V 


Input Current 
Per Pin 
±SmA 


Input Current 
Per Package 
±20mA 


Storage 
Temperature 
Range 
- 6S'C to + 1SO'C 


Package 
Dissipation 
at TA = 2S'C 
87SmW 


Lead Temperature 
(Soldering, 
10 seconds) 
Dual-In-Line 
Package 
(Ceramic) 
300'C 


Surface 
Mount 
Package 


Vapor Phase (60 seconds) 
21S'C 


Infrared 
(1S seconds) 
220'C 


ESD Susceptibility 
(Note 8) 
800V 


Electrical Characteristics 
The following 
specifications 
apply for Vee 
= SV, VREF = SV, feLK = 
1.8 MHz 


unless otherwise 
specified. 
Boldface 
limits 
apply 
from 
TMIN to TMAX; All other limits TA = Tj = 2S'C. 


ADC100SBCJ 
ADC100SBCJ·1, 
ADC100SCCJ-1 
ADC100SCCJ 
ADC100SCCV 


Parameter 
Conditions 
Limit 


Tested 
Design 
Tested 
Design 
Units 
Typ 
Limit 
Limit 
Typ 
Limit 
Limit 
(NoteS) 
(Note 
6) 
(Note 
7) 
(NoteS) 
(Note 
6) 
(Note 
7) 


Converter 
Characteristics 


Linearity 
Error (Note 3) 
ADC100SBCJ 
±0.5 
LSB 
ADC100SBCJ-1 
... 
±O.S 
±0.5 
LSB 
ADC100SCCJ 
±1 
LSB 
ADC1 00SCCJ-1, 
CCV 
±1 
±1 
LSB 


Zero Error 
ADC100SBCJ 
±0.5 
LSB 
ADC100SBCJ-1 
f 
±O.S 
±0.5 
LSB 
ADC100SCCJ 
±1 
LSB 
ADC100SCCJ-1, 
CCV 
±1 
±1 
LSB 


Fullscale 
Error 
ADC100SBCJ 
±0.5 
LSB 
ADC100SBCJ-1 
±O.S 
±0.5 
LSB 
ADC100SCCJ 
±1 
LSB 
ADC1 00SCCJ-1, 
CCV 
±1 
±1 
LSB 


Reference 
MIN 
4.8 
2.2 
4.8 
2.4 
2.2 
kO 
Input 
MAX 
4.8 
8.3 
4.8 
7.6 
8.3 
kO 
Resistance 


Common-Mode 
MIN 
VIN(+) 
orVIN(-) 
Ycc 
+ 0.05 
Vee+O.OS 
Ycc+0•05 
V 
Input (Note 4) 
MAX 
GND-0.05 
GND-O.OS 
QND-0.05 
V 


DC Common-Mode 
Over Common-Mode 
±'/e 
±% 
±'/e 
±v. 
±% 
LSB 
Error 
Input Range 


Power Supply Sensitivity 
Vee=SVoc±S% 
±'/e 
±% 
±'/e 
±v. 
±% 
LSB 
VREF = 4.7SV 
• 


Electrical Characteristics 
(Continued) 
The following 
specifications 
apply for VCC = 5V. VREF = 5V. fCLK = 


1.8 MHz unless otherwise 
specified. 
Boldface 
limits 
apply 
from 
TMIN to T MAX; All other limits TA = Tj = 25°C. 


ADC1005BCJ 
ADC1005BCJ-1, 
ADC1005CCJ-1 


ADC1005CCJ 
ADC1005CCV 
Limit 
- 


Conditions 
Parameter 
Tested 
Design 
Tested 
Design 
Units 
Typ 
Limit 
Limit 
Typ 
Limit 
Limit 
(Note 
5) 
(Note 
6) 
(N~te 
7) 
(Note 
5) 
(Note 
6) 
(Note 
7) 


DC Characteristics 


VIN(1) Logical 
"1" 
Input 
Vcc=5.25V 
2.0 
2.0 
2.0 
V 


Voltage 
MIN 
(except 
CLKIN ) 


VIN(O). Logical 
"0" 
Input 
Vcc=4.75V 
0.8 
0.8 
0.8 
V 
Voltage 
MAX 
(Except 
CLKIN ) 


IIN' Logical 
"1" 
Input 
VIN=5.0V 
0.005 
1 
0.005 
1 
1 
",A 
Current 
MAX 


IIN. Logical 
"0" 
Input 
VIN=OV 
-0.005 
-1 
-0.005 
-1 
-1 
",A 
Current 
MAX 


VT + (MIN). Minimum 
CLKIN 


Positive 
going Threshold 
3.1 
2.7 
3.1 
2.7 
2.7 
V 


Voltage 


VT(MAX). Maximum 
CLKIN 


Positive going Threshold 
3.1 
3.5 
3.1 
3.5 
3.5 
V 


Voltage 


VT - (MIN). Minimum 
CLKIN 


Negative 
going Threshold 
1.8 
1.5 
1.8 
1.5 
1.5 
V 


Voltage 


VT - (MAX). Maximum 
CLKIN 


Negative 
going Threshold 
1.8 
2.1 
1.8 
2.1 
2.1 
V 
Voltage 


VH(MIN). Minimum 
CLKIN 
1.3 
0.8 
1.3 
0.6 
0.8 
V 


Hysteresis 
(VT+-VT-) 


VH(MAX). Maximum 
CLKIN 
1.3 
2.0 
1.3 
2.0 
2.0 
V 
Hysteresis 
(VT + -VT -) 


VOUT(1). Logical 
"1" 
Vcc=4.75V 


Output Voltage 
MIN 
IOUT= -360 
",A 
2.4 
2.8 
2.4 
V 


IOUT= -10",A 
4.5 
4.6 
4.5 
V 


VOUT(O). Logical 
"0" 
Vcc=4.75V 
0.4 
0.34 
0.4 
V 
Output 
Voltage 
MAX 
IOUT=1.6 
mA 


lOUT. TRI-STATEOutput 
VOUT = OV 
-0.01 
-3 
-0.01 
-0.3 
-3 
",A 


Current 
MAX 
VOUT = 5V 
0.01 
3 
0.01 
0.3 
3 
",A 


ISOURCE, Output 
Source 
VOUT=OV 
-14 
-8.5 
-14 
-7.5 
-8.5 
mA 
Current 
MIN 


ISINK' Output 
Sink 
VOUT=5V 
16 
8.0 
16 
9.0 
8.0 
mA 
Current 
MIN 


Icc. Supply Current 
fCLK= 1.8 MHz 
1.5 
3 
1.5 
2.5 
3 
mA 
MAX 
CS="1" 


AC Electrical Characteristics 
The following 
specifications 
apply for VCC = 5V. VREF = 5V. tr = tf = 20 ns 


unless otherwise 
specified. 
BoldfaceUmlts 
apply 
from 
TMIN to TMAX; 
All other limits TA = Tj = 25°C. 


Typ 
Tested 
Design 
Limit 
Parameter 
Conditions 
Limit 
Limit 
(Note 
5) 
(Note 
6) 
(Note 
7) 
Units 


fCLK. Clock FrequencyMIN 
0.2 
0.2 
MHz 


MAX 
2.6 
2.6 
MHz 


Clock Duty Cycle 
MIN 
40 
40 
% 


MAX 
60 
60 
% 


AC Electrical Characteristics 
The following 
specifications 
apply for Vcc 
= 5V, VREF = 5V, lr = tf = 20 ns 
unless otherwise 
specified. 
Boldface 
limits 
apply 
from 
TMIN to T MAX; All other limits TA = Tj = 25'C. 
(Continued) 


Typ 
Tested 
DesIgn 
Umlt 
Parameter 
Conditions 
Umlt 
Umlt 
(Note 
5) 
(Note 
6) 
(Note 
7) 
Units 


!C, Conversion 
Time 
MIN 
80 
80 
l/fCLK 
MAX 
90 
90 
l/fCLK 
MIN 
fCLK= 1.8 MHz 
45 
45 
,..s 


MAX 
fCLK = 1.8 MHz 
50 
50 
,..s 


tW(WR)L' Minimum 
WR Pulse Width 
~=O 
100 
150 
150 
ns 


tACC, Access 
Time (Delay from falling 
~=O 
170 
300 
300 
edge of RD to Output 
Data Valid) 
CL =100pF,RL 
= 2k 
ns 


t1H, toH, TRI-STATE 
Control 
(Delay 
RL =10k, 
CL = 10 pF 
125 
200 
ns 


from Rising Edge of RD to Hi-Z State) 
RL =2k, 
CL = 100 pF 
145 
230 
230 
ns 


tWI, tRI, Delay from Falling Edge of 
300 
450 
450 
ns 
WR or RD to Reset of INTR 


tIRS, INTR to 1st Read Set-up Time 
400 
550 
550 
ns 


CIN, Capacitance 
of Logic Inputs 
5 
7.5 
pF 


COUT, Capacitance 
of Logic Outputs 
5 
7.5 
pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electricat specifications 
do not apply when operating 
the device beyond its specified 
operating condittons. 


Note 2: All voltages are measured with respect to ground. 


Nole 3: Unearity error is defined es lhe deviation of Ihe analog value, expressed in LSBs, from lhe straighlline 
which passes through lhe end points of the transfer 
characteristic. 


Nole 
4: For VIN(-j:2:VIN(+j 
the digital output code will be 00סס ooסס oo. Two on-ehip diodes are tied 10 each analog input which will forward conducI 
for analog 


input voltages 
one diode drop below ground or one diode drop greater than Vcc supply. Be careful, during testing allow 
Vcc levels (4.5V), as high level analog 
inputs (5V) can cause this input diode to conduct, especiaily at elevated temperatures, 
and cause errors for analog inputs near full-scale. The spec allows 50 mV 
forward bias of either diode. This means Ihat as long as the analog VIN does not exceed lhe supply voltage by more than 50 mV, the output code will be correct 
To 
achteve an absolute 0 Voc to 5 Voc input voltage range will therefore require a minimum suppty vottage of 4.950 Voc over temperature 
variations, initiaJ tolerance 
and loading. 


Note 5: Typicals are at 2S·C and represent 
most likely parametric 
norm. 


Nole 6: Tesled and guaranteed 
10 National's 
AOOL (Average Outgoing Qualily Level). 


Note 7: Guaranteed, 
but not 100% production 
tested. These limits are not used to calculate 
outgoing quality levels. 


Nole 8: Human body model, 100 pF discharged 
through a 1.5 kfi resistor. 
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Note 
1: cg shown twice fo. clarity. 


Note 
2: SAR = Successive 
Approximation 
Register. 


Functional Description 


1.0 GENERAL OPERATION 
A block diagram of the AID converter is shown in Figure 
1 


All of the inputs and outputs are shown and the major logic 
control paths are drawn in heavier weight lines. 


1.1 Converter Operation 
The ADC1005 uses an advanced potentiometric resistive 
ladder network. The analog inputs, as well as the taps of 
this ladder network are switched into a weighted capacitor 
array. The output of this capacitor array is the input to a 
sampled data comparator. This comparator allows the suc- 
cessive approximation logic to match the analog input volt- 
age [VIN(+) - VIN(-)] 
to taps on the R network. The most 


significant bit is tested first and after 10 comparisons (80 
clock cycles) a digital 10-bit binary code (all "1"s 
= full- 
scale) is transferred to an output latch. 


1.2 Starting a Conversion 


The conversion is initialized by taking ~ 
and WR simulta- 


neously low. This sets the start flip-flop (F/F) and the result- 
ing "1" level resets the 1O-bitshift register, resets the inter- 
rupt (INTR) F/F and inputs a "1" to the D flop, F/F1, which 
is at the input end of the 10-bit shift register. Internal clock 
signals then transfer this "1" to the a ouput of F/F1. The 
AND gate, G1, combines this "1" output with a clock signal 
to provide a reset signal to the start F/F. If the set signal is 
no longer present (either WR or CS is a "1") the start F/F is 
reset and the 10-bit shift register then can have the "1" 
clocked in, allowing the conversion process to continue. If 
the set signal were still present, this reset pulse would have 
no effect and the 1O-bitshift register would continue to be 
held in the reset mode. This logic therefore allows for wide 
CS and WR signals. The converter will start after at least 
one of these signals returns high and the internal clocks 
again provide a reset signal for the start F/F. 
To summarize, on the high-to-Iow transition of the WR input 
the internal SAR latches and the shift register stages are 
reset. As long as the CS input and WR input remain low, the 
AID will remain in a reset state. Conversion 
will start after at 


least 
one of these inputs 
makes 
a low-to-high 
transition. 


1.3 Output Control 


After the "1" 
is clocked through the 1O-bit shift register 


(which completes the SAR search) it causes the new digital 
word to transfer to the TRI-STATE output latches. When the 
XFER signal makes a high-to-Iow transition the one shot 
fires, setting the INTR F/F. An inverting buffer then supplies 
the jJij"j'R 
output signal. 


Note that this SET control of the INTR F/F remains low for 
approximately 400 ns. If the data output is continuously en- 
abled (CS and RD both held low) the INTR output will still 
signal the end of the conversion (by a high-to-Iow tran- 
sition). This is because the SET input can control the a 
output of the INTR F/F even though the RESET input is 
constantly at a "1" level. This INTR output will therefore 
stay low for the duration of the SET signal. 


When data is to be read, the combination of both CS and 
AD being low will cause the INTR F/F to be reset and the 
TRI-STATE output latches will be enabled. 


1.4 Free-Running and Self-Clocking Modes 
For operation in the free-running mode an initializing pulse 
should be used, following power-up, to ensure circuit opera- 
tion. In this application, t':1e~ 
input is grounded and the 


WR input is tied to the INTR output. This WR and INTR 
node should be momentarily forced to logic low following a 
power-up cycle to ensure start up. 
The clock for the AID can be derived from the CPU clock or 
an ex1ernalRC can be added to provide self-clocking. The 
ClK IN makes use of a Schmitt trigger as shown in Figure 2. 


1 
felK '" 1.1RC 
FIGURE 2. Self-Clocking the AID 


2.0 REFERENCEVOLTAGE 


The voltage applied to the reference input of these convert- 
ers defines the voltage span of the analog input (the differ- 
ence between VIN(MAX)and VIN(MIN))over which the 1024 
possible output codes apply. The devices can be used in 
either ratiometric applications or in systems requiring abso- 
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the reference input resist- 
ance of typically 4.8 kn. This pin is the top of a resistor 
divider string used for the successive approximation conver- 
sion. 


In a ratiometric system (Figure 
3a) the analog input voltage 


is proportional to the voltage used for the AID reference. 
This voltage is typically the system power supply, so the 
VREFpin can be tied to Vcc. This technique relaxes the 
stability requirements of the system references as the ana- 
log input and AID reference move together maintaining the 
same output code for a given input condition. 
For absolute accuracy (Figure 
3b), where the analog input 
varies between very specific voltage limits, the reference pin 
can be biased with a time and temperature stable voltage 
source. The lM385 and lM336 reference diodes are good 
low current devices to use with these converters. 
The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be small 
to allow direct conversions of transducer outputs providing 
less than a 5V output span. Particular care must be taken 
with regard to noise pickup, circuit layout, and system error 
voltage sources when operating with a reduced span due to 
the increased sensitivity of the converter (1 lSB 
equals 


VREF/1024). 


3.0 THE ANALOG INPUTS 


3.1 Analog Differential Voltage Inputs and 
Common-Mode Rejection 
The differential inputs of these converters reduce the ef- 
fects of common-mode input noise, which is defined as 
noise common to both selected ••+..and ••-" 
inputs (60 Hz 


is most typical). The time interval between sampling the 
..+.. input and the ••-" 
input is half of an internal clock 


period. The change in the common-mode voltage during this 
short time interval can cause conversion errors. For a sinus- 
oidal common-mode signal, this error is: 


4 
VERROR(MAXj= VPEAK(2'/T fCM) X -fClK 


where fCM is the frequency of the common-mode signal, 
VPEAKis its peak voltage value and fClK is the clock fre- 
quency at the CLK IN pin. 


For a 60 Hz common-mode signal to generate a 1/4 LSB 
error (1.2 mV) with the converter running at 1.8 MHz, its 
peak value would have to be 1.46V. A common-mode signal 
this large is much greater than that generally found in data 
aquisition systems. 


3.2 Input Current 


Due to the sampling nature of the analog inputs, short dura- 
tion spikes of current enter the" +..input and exit the" - •• 
input at the clock rising edges during the conversion. These 
currents decay rapidly and do not cause errors as the inter- 
nal comparator is strobed at the end of a clock period. 


3.3 Input Bypass Capacitors 


Bypass capacitors at the inputs will average the current 
spikes noted in 3.2 and cause a DC current to flow through 
the output resistances of the analog signal sources. This 
charge pumping action is worse for continuous conversions 
with the VIN(+) input voltage at full scale. For continuous 
conversions with a 1.8 MHz clock frequency with the VIN(+) 


TL/H/5261-18 


FIGURE 3b. Absolute with a Reduced Span 


input at 5V, this DC current is at a maximum of approximate- 
ly 5 ",A. Therefore, bypass 
capacitors 
should 
not be used at 


the analog 
inputs 
or the VREF pin for high resistance sourc- 


es (> 1 kO). If input bypass capacitors are necessary for 
noise filtering and high source resistance is desirable to 
minimize capacitor size, the detrimental effects of the volt- 
age drop across this input resistance, which is due to the 
average value of the input current, can be eliminated with a 
full-scale adjustment while the given source resistor and in- 
put bypass capacitor are both in place. This is possible be- 
cause the average value of the input current is a linear func- 
tion of the differential input voltage. 


3.4 Input Source Resistance 
Large values of source resistance where an input bypass 
capacitor is not used, will not cause 
errors if the input cur- 


rents settle out prior to the comparison time. If a low pass 
filter is required in the system, use a low valued series resis- 
tor (:5:1 kn) for a passive RC section or add an op amp RC 
active low pass filter. For low source resistance applications 
(:5:0.1 kn) a 4700 pF bypass capacitor at the inputs will 
prevent pickup due to series lead induction of a long wire. A 
100n series resistor can be used to isolate this capacitor - 
both the R and the C are placed outside the feedback loop 
- from the output of an op amp, if used. 


3.5 Noise 


The leads to the analog inputs (pins 6 and 7) should be kept 
as short as possible to minimize input noise coupling. Both 
noise and undesired digital clock coupling to these inputs 
can cause system errors. The source resistance for these 
inputs should, in general, be kept below 1 kn. Larger values 
of source resistance can cause undesired system noise 
pickup. Input bypass capacitors, placed from the analog in- 
puts to ground, can reduce system noise pickup but can 
create analog scale errors. See section 3.2, 3.3, and 3.4 if 
input filtering is to be used. 


• 


Functional Description 
(Continued) 


4.0 OFFSET AND REFERENCEADJUSTMENT 


4.1 Zero Offset 
The zero error of the AID converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V(-) 
input and applying a small 


magnitude positive voltage to the V(+) input. Zero error is 
the difference between the actual DC input voltage that is 
necessary to just cause an output digital code transition 
from 00 0000 0000 to 00 0000 0001 and the ideal 1/2 LSB 
value (1/2 LSB = 2.45 mV for VREF = 5.0 Vod. 
The zero of the AID normally does not require adjustment. 
However, for cases where VIN(MIN)is not ground and in 
reduced span applications (VREF < 5V), an offset adjust- 
ment may be desired. The converter can be made to output 
an all zero digital code for an arbitrary input by biasing the 
AID's VIN(-) input at that voltage. This utilizes the differen- 
tial input operation of the AID. 


4.2 Full Scale 
The full-scale adjustment can be made by applying a differ- 
ential input voltage that is 1y. LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the VREFinput for a digital output code that is just 
changing from 11 1111 1110 to 1111111111. 


4.3 Adjusting for an Arbitrary Analog 
Input Voltage Range 
If the analog zero voltage of the AID is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal that does not go to ground), this new zero reference 
should be properly adjusted first. A VIN(+) voltage that 
equals this desired zero reference plus 1/2 LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = 
analog span/1 024) is applied to selected" +..input and the 


1. 


2.7' 
2 VDC 
lERD ADJ 


zero reference voltage at the corresponding •.-" 
input 
should then be adjusted to just obtain the OOOHEX001HEX 
code transition. 
The full-scale adjustment should be made [with the proper 
VIN(-) 
voltage applied] by forcing a voltage to the VIN(+) 


input given by: 


V 
(+) FS d' = V 
- 
1.5 [(VMAX - VMIN)] 
IN 
a J 
MAX 
1024 


where VMAX= the high end of the analog input range and 
VMIN = the low end (the offset zero) of the analog range. 
(Both are ground referenced). 


The VREF (or Vcd 
voltage is then adjusted to provide a 
code change from 3FFHEXto 3FEHEX.This completes the 
adjustment procedure. 
For an example see the Zero-Shift and Span-Adjust circuit 
below. 


5.0 POWER SUPPLIES 


Noise spikes on the Vcc supply line can cause conversion 
errors as the comparator will respond to this noise. A low 
inductance tantalum filter capacitor should be used close to 
the converter Vcc pin and values of 1 /LF or greater are 
recommended. If an unregulated voltage is available in the 
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu- 
lator for the converter (and the other analog circuitry) will 
greatly reduce digital noise on the Vcc supply. 
A single point analog ground that is separate from the logic 
ground points should be used. The power supply bypass 
capacitor and the self-clocking capacitor (if used) should 
both be returned to the digital ground. Any VREF bypass 
capacitors, analog input filters capacitors, or input signal 
shielding should be returned to the analog ground point. 
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I 
I 
I 
I 


lM336·2.5 
I 
I 
_J 


Typical Applications 


5V 


cs 
20 
Vee 
Rli 
19 
eLK 
R 
WIl 
10' 


INTR 
eLK 
IN 
10·81T RESOLUTION 
11 
081 
OVER 


12 
ANALOG 
INPUT 
086 
VINI+I 
VOLTAGE 
RANGE 
13 
Aoe1005 
085 
OIFF 
INPUTS 
14 
084 
VINI-I 


15 
083 
A GNO 
16 
OB2 
11 
VREF 
':' 
081 
lB 
10 
080 
o GNO 


1k 


ZERO 
YiNI-1 
AN 


VIN(-) 
= 0.15 Vcc 


15% of Vcc 
,;; VXDR ,;; 85% of Vcc 


'=' 
'=' 
'=' 
TL/H/5261 -7 


toH 


Vee 
Vee 


RL 


Il1l 
OATA 


OUTPUT 


'=' 
'=' 
TL/H/5261 -6 


2-305 


1k 
10 TURN 
TRIM POT 


Handling ± 5V Analog Inputs 


Vee (5 Voc) 


10% 
10% 


DATA 
::: -=0: 


'H 


OUTPUTS 
""'-- 
GNO------- 


t,H. CL = 10 pF 
veet~18lI 
10" 


GNO 
10% 


~ 


OH 


Vee 
-- 
OATA 


OUTPUTS 
1811 


VOL 


EI 


Part Number 
Paekage 
Temperature 
Linearity 


Outline 
Range 
Error 


ADC1005BCJ-1 
J20A 
O'Cto +70'C 
±'!2LSB 


ADC1005BCJ 
J20A 
- 40'C to + 85'C 


Part Number 
Paekage 
Temperature 
Linearity 


Outline 
Range 
Error 


ADC1005CCV 
V20A 
O'Cto +70'C 


ADC1005CCJ-1 
J20A 
±1 LSB 


ADC1005CCJ 
J20A 
- 40'C to + 85'C 


t!lNational 
Semiconductor 


ADC10154, ADC10158 10-Bit Plus Sign 4/-ts ADCs 
with 4- or 8-Channel MUX, Track/Hold 
and Reference 


General Description 
The ADC10154 and ADC1015S are CMOS 10-bit plus sign 
successive approximation AID converters with versatile an- 
alog input multiplexers, track/hold 
function and a 2.5V 


band-gap reference. The 4-channel or S-channel multiplex- 
ers can be software configured for single-ended, differential 
or pseudo-differential modes of operation. 


The input track/hold is implemented using a capacitive ar- 
ray and sampled-data comparator. 
Resolution can be programmed to be S-bit, S-bit plus sign, 
10-bit or 10-bit plus sign. Lower-resolution conversions can 
be performed faster. 
The variable resolution output data word is read in two 
byles, and can be formatted left justified or right justified, 
high byle first. 


Applications 
• 
Process control 


• 
Instrumentation 


• 
Test equipment 


Features 
• 
4- or S- channel configurable multiplexer 
• 
Analog input track/hold function 
• 
OV to 5V analog input range with single +5V power 
supply 
• 
- 5V to +5V analog input voltage range with ± 5V sup- 
plies 
• 
Fully tested in unipolar (single + 5V supply) and bipolar 
(dual ± 5V supplies) operation 
• 
Programmable resolution/speed and output data format 


• 
Ratiometric or Absolute voltage reference operation 


• 
No zero or full scale adjustment required 
• 
No missing codes over temperature 
• 
Easy microprocessor interface 


Key Specifications 


• 
Resolution 
• 
Integral linearity error 
• 
Unipolar power dissipation 
• 
Conversion time (10-bit + sign) 
• 
Conversion time (S-bit) 
• 
Sampling rate (10-bit + sign) 
• 
Sampling rate (S-bit) 
• 
Band-gap reference 


CHO 


CHI 


CH2 


CH3 
Analog 


CHO 
t.lUX 


CHS 


CH6 


CH1 


Av+ 


VREF + 


VREF - 


VRErOUT 


ov+ 


DCNO., 


10-bit plus sign 
±1 LSB (max) 
33 mW (max) 
4.4".s 
(max) 


3.2".s 
(max) 
166 kHz 
207 kHz 


2.5V ± 2.0% (max) 


oeo 
(MAO) 


081 (MAl) 


082 
(MA2) 


D83 (MA3) 


080 (MAO) 


085 (U/S) 


086 (8/10) 


081 (L/R) 


fII 


Y- 
- 0.3Y to Y+ + 0.3Y 
±5mA 


±20mA 


500mW 


2000Y 


Operating 
Ratings 
(Notes 2 & 3) 


Temperature Range 
TMIN~ TA ~ TMAX 


ADC10154CIN, ADC10154CIWM, 
ADC10158CIN,ADC10158CIWM 
-40'C 
~ TA ~ +85'C 


Positive Supply Yoltage 
(V+ = AY+ = DY+) 
4.5 Yocto 5.5 Yoc 


Unipolar Negative Supply 
Yoltage (V-) 
DGND 


Bipolar Negative Supply 
Yoltage(V-) 
-4.5Yto 
-5.5Y 


Y+ - Y- 
11V 


YREF+ 
AY+ + 0.05YoctoY- 
- 0.05Yoc 


YREF- 
AY+ + 0.05 Yoc to Y- 
- 0.05 Yoc 


YREF(YREF+ - YREF-) 
0.5 Yoc to Y+ 


Absolute Maximum Ratings 
(Notes 1 & 3) 


If Military/Aerospace 
specified 
devices 
are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors 
for availability 
and specifications. 
PositiveSupplyYoltage(V+ 
= AY+ = DY+) 
6.5Y 


Negative Supply Yoltage (Y-) 
-6.5Y 


Total SupplyYoltage (V+ - Y-) 
13Y 


Total Reference Yoltage (VREF+ - YREF-) 
6.6Y 


Yoltage at Inputs and 


Outputs 
Input Current at Any Pin (Note 4) 


Package Input Current (Note 4) 
Package Dissipation at TA = 25'C (Note 5) 


ESD Susceptibility (Note 6) 
Soldering Information 


N Packages (10 See) 
J Packages (10 See) 
SO Package (Note 7): 
Vapor Phase (60 See) 
Infrared (15 See) 


Storage Temperature 


ceramic DIP Packages 
Plastic DIP and SO Packages 


260'C 
300'C 


215'C 
220'C 


- 65'C to + 150'C 
-40'C 
to + 150'C 


Electrical Characteristics 
The following specifications apply for Y+ = AY+ = DY+ = + 5.0 Yoc, YREF+ = 5.000 Yoc. YREF- = GND. Y- = GND for 
unipolar operation or Y- 
= -5.0 
Yoc for bipolar operation, and fCLK = 5.0 MHz unless otherwise specified. Boldface limits 
apply for TA = TJ = TMINto TMAX;all other limits TA = TJ = 25'C. (Notes 8, 9, and 12) 


CIN and CIWM 


Symbol 
Parameter 
Typical 
Suffixes 
Conditions 
(Note 10) 
Limits 
(Note 11) 


UNIPOLAR CONVERTER AND MULTIPLEXER STATIC CHARACTERISTICS 


Resolution 
10 + Sign 


Unipolar Integral 
YREF+ = 2.5Y 
±0.5 
Linearity Error 
YREF+ = 5.0Y 
±1 


Unipolar Full-Scale Error 
YREF+ = 2.5Y 
±0.5 
YREF+ = 5.0Y 
±1.5 


Unipolar Offset Error 
YREF+ = 2.5Y 
±1 


YREF+ = 5.0Y 
±1.5 


Unipolar Total Unadjusted 
YREF+ = 2.5Y 
±1.5 
Error (Note 13) 
YREF+ = 5.0Y 
±2 


Unipolar Power Supply 
Y+ = +5Y ±10% 
Sensitivity 
YREF+ = 4.5Y 
Offset Error 
±0.25 
±1 
Full-Scale Error 
±0.25 
±1 
Integral Linearity Error 
±0.25 


Units 
(Limit) 


LSB 
LSB (Max) 


LSB 
LSB (Max) 


LSB 
LSB (Max) 


LSB 
LSB (Max) 


LSB (Max) 
LSB (Max) 
LSB 


Electrical Characteristics 
The following 
specifications 
apply for V+ = AV+ 
= DV+ 
= + 5.0 Voc, VREF+ = 5.000 VOC. VREF- 
= GND, V- 
= GND for 


unipolar 
operation 
or V- 
= -5.0 
Voc for bipolar 
operation, 
and fClK = 5.0 MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25°C. (Notes 8,9, and 12) (Continued) 


CIN and CIWM 


Typical 
Suffixes 
Units 
Symbol 
Parameter 
Conditions 
(Note 
10) 
(Limit) 
Limits 


(Note 
11) 


BIPOLAR 
CONVERTER 
AND MULTIPLEXER 
STATIC 
CHARACTERISTICS 


Resolution 
10 
+ Sign 
Bits 


Bipolar 
Integral 
VREF+ = 5.0V 
±1 
LSB (Max) 
Linearity 
Error 


Bipolar 
Full-Scale 
Error 
VREF+ = 5.0V 
±1.25 
LSB (Max) 


Bipolar 
Negative 
Full-Scale 
VREF+ = 5.0V 


Error with Positive-Full 
± 1.25 
LSB (Max) 


Scale Adjusted 


Bipolar 
Offset 
Error 
VREF+ = 5.0V 
±2.5 
LSB (Max) 


Bipolar Total Unadjusted 
VREF+ = 5.0V 
±3 
LSB (Max) 
Error (Note 13) 


Bipolar 
Power Supply 


Sensitivity 


Offset 
Error 
V+ = +5V 
±10% 
±0.5 
±2.5 
LSB (Max) 


Full-Scale 
Error 
VREF+ = 4.5V 
±0.5 
±1.5 
LSB (Max) 


Integral 
Linearity 
Error 
±0.25 
LSB 


Offset 
Error 
V- 
= -5V 
±10% 
±0.25 
±O.75 
LSB (Max) 


Full-Scale 
Error 
VREF+ = 4.5V 
±0.25 
±0.75 
LSB (Max) 


Integral 
Linearity 
Error 
±0.25 
LSB 


UNIPOLAR 
AND BIPOLAR 
CONVERTER 
AND MULTIPLEXER 
STATIC 
CHARACTERISTICS 


Missing 
Codes 
0 


DC Common 
Mode 
VIN+ = VIN- 


Error (Note 14) 
= VINwhere 


Bipolar 
+5.0V;;' 
VIN ;;, -5.0V 
±0.25 
±0.75 
LSB (Max) 


Unipolar 
+5.0V;;' 
VIN;;' 
OV 
±0.25 
±0.5 
LSB (Max) 


RREF 
Reference 
Input Resistance 
7 
4.5 
kO(Max) 


9.5 
kO(Max) 


CREF 
Reference 
Input Capacitance 
70 
pF 


VAl 
Analog 
Input Voltage 
(Y+ 
+0.05) 
V (Max) 


(Y--0.05) 
V (Min) 


CAI 
Analog 
Input Capacitance 
30 
pF 


Off Channel 
Leakage 
On Channel = 5V 
-400 
-1000 
nA (Max) 


Current 
Off Channel = OV 


(Note 15) 
On Channel = OV 
400 
1000 
nA (Max) 


Off Channel = 5V 


I 


Electrical Characteristics 
The following 
specifications 
apply for V+ 
= AV+ 
= DV+ 
= + 5.0 Voc, VREF+ = 5.000 Voc, VREF- 
= GND, V- 
= GND for 


unipolar 
operation 
or V- 
= 
-5.0 
Voc for bipolar 
operation, 
and fCLK = 5.0 MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TUIN to TUAX; all other 
limits TA = TJ = 25°C. (Notes 
8, 9, and 12) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Umlt) 


DYNAMIC 
CONVERTER 
AND MULTIPLEXER 
CHARACTERISTICS 


S/(N+D) 
Unipolar 
Signal-to-Noise+ 
fiN = 10 kHz, VIN = 4.85 Vp_p 
60 
dB 


Distortion 
Ratio 
fiN = 150 kHz, VIN = 4.85 V D-D 
58 
dB 


S/(N+D) 
Bipolar 
Signal-to-Noise+ 
fiN = 10 kHz, VIN = ±4.85V 
60 
dB 


Distortion 
Ratio 
fiN = 150 kHz, VIN = ± 4.85V 
58 
dB 


- 3 dB Unipolar 
Full 
VIN = 4.85 Vp_p 
200 
kHz 


Power Bandwidth 


-3 
dB Bipolar 
Full 
VIN = 
±4.85V 
200 
kHz 


Power Bandwidth 


REFERENCE 
CHARACTERISTICS 
(Unipolar 
Operation 
V- 
= GND Only) 


VREF°ut 
Reference 
Output Voltage 
2.5 ±1% 
2.5 ± 2% 
V (Max) 


aVREF/at 
VREFOut Temperature 
Coefficient 
40 
ppml"C 


aVREF/aIL 
Load Regulation 
I Sourcing 
o mA s; IL s; + 4 mA 
0.003 
0.1 
%/mA(Max) 


I Sinking 
o mA ;;, IL;;' 
-1 
mA 
0.2 
o.e 
%/mA(Max) 


Line Regulation 
4.5V s; V + s; 5.5V 
0.5 
e 
mV(Max) 


Isc 
Short Circuit Current 
VREFOut = OV 
14 
25 
mA(Max) 


aVREF/at 
Long-Term 
Stability 
200 
ppm/1 
kHr 


tsu 
Start-Up 
Time 
CL = 330 p.F 
20 
ms 


DIGITAL 
AND DC CHARACTERISTICS 


VIN(l) 
Logical 
"1" 
Input Voltage 
V+ = 5.5V 
2.0 
V (Min) 


VIN(O) 
Logical 
"0" 
Input Voltage 
V+ 
= 4.5V 
0•• 
V (Max) 


IIN(l) 
Logical 
"1 " Input Current 
VIN = 5.0V 
0.005 
2.5 
p.A(Max) 


IIN(Ol 
Logical 
"0" 
Input Current 
VIN = OV 
. 
-0.005 
-2.5 
p.A(Max) 


VOUT(l) 
Logical 
"1" 
Output Voltage 
V+ = 4.5V: 


lOUT = -360 
p.A 
2.4 
V (Min) 


lOUT = -10p.A 
4.25 
V (Min) 


VOUT(O) 
Logical 
"0" 
Output Voltage 
V+ = 4.5V 
0.4 
V (Max) 


lOUT = 1.6mA 


lOUT 
TRI-STATE<II> Output Current 
VOUT = OV 
-0.01 
-3 
p.A(Max) 


VOUT = 5V 
0.01 
3 
j.IA (Max) 


+Isc 
Output Short Circuit Source Current 
VOUT = OV 
-40 
-10 
mA(Min) 


-Isc 
Output Short Circuit 
VOUT = DV+ 
30 
10 
mA(Min) 


Sink Current 


DI+ 
Digital Supply Current 
CS = HIGH 
0.75 
2 
mA(Max) 


CS = HIGH, fCLK = 0 Hz 
0.15 
mA(Max) 


AI+ 
Analog 
Supply Current 
CS = HIGH 
3 
4.5 
mA(Max) 


CS = HIGH, fCLK = 0 Hz 
3 
mA(Max) 


1- 
Negative 
Supply Current 
CS = HIGH 
3.5 
4.5 
mA(Max) 


CS = HIGH, fCLK = 0 Hz 
3.5 
mA(Max) 


IREF 
Reference 
Input Current 
VREF+ = 5V 
0.7 
1.1 
mA(Max) 


Electrical Characteristics 
The following 
specifications 
apply for V+ 
= AV+ 
= DV+ 
= + 5.0 VOC. VREF+ = 5.000 VOC. VREF- 
= GND, V- 
= GND 
for unipolar 
operation 
or V- 
= 
-5.0 
Voc for bipolar 
operation, 
t, = tf = 3 ns and fCLK = 5.0 MHz unless otherwise 
specified. 


Boldface 
limits 
apply 
for 
TA = TJ = T MIN to T MAX; all other 
limits TA = TJ = 25°C. (Note 
16) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Limit) 


AC CHARACTERISTICS 


fCLK 
Clock Frequency 
8 
5.0 
MHz (Max) 


) 
10 
kHz (Min) 


Clock Duty Cycle 
I 
20 
% (Min) 
80 
% (Max) 


te 
Conversion 
8-Bit Unipolar 
Mode 
18 
1/fCLK 
Time 
fCLK = 5.0 MHz 
3.2 
",s(Max) 


8-Bit Bipolar 
Mode 
18 
11fCLK 


fCLK = 5.0 MHz 
3.8 
",s(Max) 


1O-Bit Unipolar 
Mode 
20 
1/fCLK 


fCLK = 5.0 MHz 
4.0 
",s(Max) 


1O-Bit Bipolar 
Mode 
22 
1/fCLK 


fCLK = 5.0 MHz 
4.4 
",5 (Max) 


tA 
Acquisition 
Time 
8 
1/fCLK 


fCLK = 5.0 MHz 
1.2 
",5 


teR 
Delay between 
Falling Edge of 
0 
5 
ns (Min) 
CS and Falling Edge of RD 


tRC 
Delay betwee 
Rising Edge 
0 
5 
ns(Min) 
RD and Rising Edge of CS 


tew 
Delay between 
Falling Edge 
0 
5 
ns(Min) 
of CS and Falling Edge of WR 


twc 
Delay between 
Rising Edge 
0 
5 
ns(Min) 
of WR and Rising Edge of CS 
-, 
. 


tRW 
Delay between 
Falling Edge 
0 
5 
ns(Min) 
of RD and Falling Edge of WR 


tw(WR) 
WR Pulse Width 
25 
50 
ns(Min) 


tws 
WR High to ClK 
-;. 2 Low Set-Up Time 
5 
ns (Max) 


tos 
Data Set-Up Time 
6 
15 
ns(Max) 


tOH 
Data Hold Time 
0 
5 
ns (Max) 


twR 
Delay from Rising Edge 


> 


of WR to Rising Edge RD 
0 
5 
ns(Min) 


tACC 
Access 
Time (Delay from Falling 
CL = 100pF 
25 
45 
ns(Max) 
Edge of RD to Output 
Data Valid) 


tWlotRI 
Delay from Falling Edge 
CL = 100pF 
25 
40 
ns(Max) 
of WR or RD to Reset of INT 


trNTL 
Delay from Falling Edge of ClK -;. 2 to Falling 
40 
ns 
EdgeoflNT 


Units 
(Limit) 


t1H. toH 
TR I-STATE Control 
(Delay from 
CL = 10 pF. RL = 1 kO 
20 
35 
ns(Max) 
Rising Edge of RD to Hi-Z State) 


tRR 
Delay between 
Successive 
25 
50 
ns(Min) 
RD Pulses 


tp 
Delay between 
Last Rising Edge 


of RD and the Next Falling 
20 
50 
ns(Min) 


EdgeofWR 


CIN 
Capacitance 
of Logic Inputs 
5 
pF 


COUT 
Capacitance 
of Logic Outputs 
5 
pF 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating 
Ratings indicate conditions 
for which the device is functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 


and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated 
under the listed test conditions. 


Note 3: All voltages are measured with respect to GND, unless otherwise 
specified. 


Note 4: When the input vottage (VIN) at any pin exceeds the power supplies (VIN < Y- 
or YIN > AY+ 
or DY+), the current at that pin should be limited to 5 mA. 


The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 


Note 5: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJmax, 8JA and the ambient temperature, 
TA. The maximum 


allowable 
power dissipation 
at any temperature 
is Po = (TJmax - 
TA)/8JA or the number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. For this 
device, TJmax ~ 150"C. The typical thermal rasistanca (OJAl of thase parts when board mounted follow: ADCl 0154 with BIN and CIN suffixes 65'C/W, 
ADC10154 
with BIJ, CIJ and CMJ suffixes 49'C/W, 
ADC1 0154 with BIWM and CIWM suffixes 72"C/W, ADCl 0158 with BIN and CIN suffixes 59'C/W, 
ADCl 0158 with BIJ, CIJ, 
and CMJ suffixes 46"C/W, 
ADCl 0158 with BIWM and CIWM suffixes 68'C/W. 


Note 6: Human body model, 100 pF capacitor 
discharged 
through a 1.5 kfi 
resistor. 


Note 7: See AN-450 "Surface 
Mounting 
Methods and Their Effect on Product Reliability" 
or the section titled "Surface 
Mount" 
found in any post-1986 
National 
Semiconductor 
Linear Data Book for other methods of soldering surface mount devices. 


Note 8: Two on-chip diodes are tied to each analog input as shown below. They wilt forward-conduct 
for analog input voltages one diode drop below Y- 
supply or 


TLIH/11225-4 


one diode drop greater than Y+ 
suppty. Be careful during testing at low V+ 
levels (4.5V), as high level analog inputs (5V) can cause an input diode to conduct, 
especially 
at elevated 
temperatures, 
which will cause errors for analog inputs near full-scale. 
The specification 
allows 50 mV forward bias of either diode; this 
means that as long as the analog YIN does not exceed the supply voltage 
by more than 50 mY, the output code will be correct. 
Exceeding 
this range on an 


unselected 
channel will corrupt the reading of a selected channel. This means that if AY+ 
and DV+ are minimum {4.5 Vocl and Y- 
is a maximum {-4.5 
Yod 
full 
scale must be s: ±4.55 
Voc. 


Electrical Characteristics 
(Continued) 


Note t: A diode exists between 
AV+ 
and DV+ 
as shown below. 


• 


Av+:III 
TO INTERNAL 
I 
CIRCUITRY 
I 


oV+ 
I 
TO INTERNAL 
I 
CIRCUITRY 
• 
TUH/ll22S-S 


To guarantee 
accuracy, 
it is required that the AV+ 
and DV+ 
be connected 
together 
to a power suppty with separate 
bypass filter at each V+ 
pin. 


Note to: Typicals are at TJ ~ TA ~ 2S'C and represent 
most likely parametric 
norm. 


Note 11: Tested limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 
12: One LSB is referenced 
to 10 bits of resolution. 


Note 13: Total unadjusted 
error includes offset, full-scale, 
linearity, mUltiplexer, and hold step errors. 


Note 
14: For DC Common 
Mode 
Error the only specification 
that is measured 
is offset error. 


Note 
15: Channel 
leakage 
current is measured 
after the channel 
selection. 


Note 16: All the timing specifications 
are tested at the TIL 
logic levels, V,l ~ 
O.8V for a failing edge and V,H ~ 
2.0V for a rising. 
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DIAGRAM 
2. Starting 
a Conversion 
without 
Changing 
the MUX Channel 
or Output 
Configuration 
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Multiplexer Addressing 
and Output Data Configuration 
Tables 


TABLE 
I. ADC10154 
and ADC10158 
Output 
Data Configuration 


Output 
Control 
Input 
Data Bus Output 
Assignment 
Resolution 


Data Format 
Data 


8/10 
U/S 
L/R 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


10-Bits + Sign 
Right-Justified 
l 
l 
l 
Sign 
Sign 
Sign 
Sign 
Sign 
Sign 
MSB 
9 
First Byte Read 


a 
7 
6 
5 
4 
3 
2 
lSB 
Second 
Byte Read 


10-Bits + Sign 
left-Justified 
l 
l 
H 
Sign 
MSB 
9 
a 
7 
6 
5 
4 
First Byte Read 


3 
2 
lSB 
l 
l 
l 
l 
l 
Second 
Byte Read 


10-Bits 
Right-Justified 
l 
H 
l 
l 
l 
l 
l 
l 
l 
MSB 
9 
First Byte Read • 


a 
7 
6 
5 
4 
3 
2 
lSB 
Second 
Byte Read 


10-Bits 
left-Justified 
l 
H 
H 
MSB 
9 
a 
7 
6 
5 
4 
3 
First Byte Read 


2 
lSB 
l 
l 
l 
l 
l 
l 
Second 
Byte Read 


a-Bits + Sign 
Right-Justified 
H 
l 
l 
Sign 
Sign 
Sign 
Sign 
Sign 
Sign 
Sign 
Sign 
First Byte Read 


MSB 
7 
6 
5 
4 
3 
2 
lSB 
Second 
Byte Read 


a-Bits + Sign 
left-Justified 
H 
l 
H 
Sign 
MSB 
7 
6 
5 
4 
3 
2 
First Byte Read 


lSB 
l 
l 
l 
l 
l 
l 
l 
Second 
Byte Read 


a-Bits 
Right-Justified 
H 
H 
l 
l 
l 
l 
l 
l 
l 
l 
l 
First Byte Read 


MSB 
7 
6 
5 
4 
3 
2 
lSB 
Second 
Byte Read 


a-Bits 
left·Justified 
H 
H 
H 
MSB 
7 
6 
5 
4 
3 
2 
lSB 
First Byte Read 


l 
l 
l 
l 
l 
l 
l 
l 
Second 
Byte Read 


Multiplexer Addressing 
and Output Data Configuration 
Tables 
(Continued) 


TABLE 
II. ADC10158 
Multiplexer 
Addressing 


MUXAddress 
CS 
WR 
RD 
Channel 
Number 
MUX 


MA4 
MA3 
MA2 
MA1 
MAO 
CHO 
CH1 
CH2 
CH3 
CH4 
CH5 
CH6 
CH7 
VREF- 
Mode 


X 
L 
L 
L 
L 
L 
H 
+ 
- 


X 
L 
L 
L 
H 
L 
H 
- 
+ 


X 
L 
L 
H 
L 
L 
H 
+ 
- 


X 
L 
L 
H 
H 
L 
U 
H 
- 
+ 
Differential 


X 
L 
H 
L 
L 
L 
H 
+ 
- 


X 
L 
H 
L 
H 
L 
H 
- 
+ 


X 
L 
H 
H 
L 
L 
H 
+ 
- 


X 
L 
H 
H 
H 
L 
H 
- 
+ 


L 
H 
L 
L 
L 
L 
H 
+ 
- 


L 
H 
L 
L 
H 
L 
H 
+ 
- 


L 
H 
L 
H 
L 
L 
H 
+ 
- 


L 
H 
L 
H 
H 
L 
U 
H 
+ 
- 
Single-Ended 


L 
H 
H 
L 
L 
L 
H 
+ 
- 


L 
H 
H 
L 
H 
L 
H 
+ 
- 


L 
H 
H 
H 
L 
L 
H 
+ 
- 


L 
H 
H 
H 
H 
L 
H 
+ 
- 


H 
H 
L 
L 
L 
L 
H 
+ 
- 


H 
H 
L 
L 
H 
L 
H 
+ 
- 


H 
H 
L 
H 
L 
L 
H 
+ 
- 


H 
H 
L 
H 
H 
L 
U 
H 
+ 
- 
Pseudo-Differential 


H 
H 
H 
L 
L 
L 
H 
+ 
- 


H 
H 
H 
L 
H 
L 
H 
+ 
- 


H 
H 
H 
H 
L 
L 
H 
+ 
- 


X 
X 
X 
X 
X 
L 
U 
L 
Previous 
Channel 
Configuration 


TABLE 
III. ADC10154 
Multiplexer 
Addressing 


MUXAddress 
CS 
WR 
RD 
Channel 
Number 
MUX 


MA4 
MA3 
MA2 
MA1 
MAO 
CHO 
CH1 
CH2 
CH3 
VREF- 
Mode 


X 
X 
L 
L 
L 
L 
H 
+ 
- 


X 
X 
L 
L 
H 
L 
H 
- 
+ 


X 
X 
L 
H 
L 
L 
U 
H 
Differential 
+ 
- 


X 
X 
L 
H 
H 
L 
H 
- 
+ 


X 
L 
H 
L 
L 
L 
H 
+ 
- 


X 
L 
H 
L 
H 
L 
H 
+ 
- 


X 
L 
H 
H 
L 
L 
U 
H 
Single-Ended 
+ 
- 


X 
L 
H 
H 
H 
L 
H 
+ 
- 


X 
H 
H 
L 
L 
L 
H 
+ 
- 


X 
H 
H 
L 
H 
L 
U 
H 
+ 
- 
Pseudo-Differential 


X 
H 
H 
H 
L 
L 
H 
+ 
- 


X 
X 
X 
X 
X 
L 
U 
L 
Previous 
Channel 
Configuration 
I 


CH7· 
·Hot A~11ab1e 
on ''-DC101504 


AV' __ 
--- 
ov' __ 
--- 


DGND-+--- 
""----- 


[SO 
ProtectIon 
on all 
Input. 
and 
Output. 


DV't 


"" 


I 


Cf 
....... 
Av+ 
24 
Dv+ 
AV' 
28 
Dv+ 
'Of' 
lI) 


CS 
23 
ViR 
CHD 
27 
Cs 
.•.. 
0 


RD 
CHI 
26 
RD 
.•.. 
22 
ClK 
U 
CHD 
4 
21 
INT 
CH2 
25 
WR 
C 
c:( 
CH1 
5 
20 
DBO (WAO) 
CH3 
24 
ClK 


CH2 
6 
19 
OBI (WA1) 
CH4 
23 
INT 


CH3 
7 
18 
DB2 (WA2) 
CH5 
22 
DBO (WAO) 


VREFOUT 
17 
DB3 (WA3) 
CH6 
21 
OBI (WA1) 


VREF• 
16 
DB4 
CH7 
20 
DB2 (WA2) 


VREF- 
10 
15 
DB5 (UjS) 
VREFOUT 
10 
19 
DB3 (WA3) 


V- 
11 
14 
DB6 (8/TIi) 
VREF. 
11 
18 
DB4 (WA4) 


DGND 
12 
13 
DB7 (l/R) 
VREF- 
12 
17 
DB5 (ujS) 


V- 
13 
16 
DB6 (8/TIi) 
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DGND 
14 
15 
DB7 (l/R) 
TopVIIlW 


Order 
Number 
ADC10154 
TLIH/11225-3 


NS Package 
Numbers 
TOp View 
J24A, M24B or N24A 
Order 
Number 
ADC10158 
NS Package 
Numbers 
J28A, M28B or N28B 


1.0 Pin Descriptions 
AV+' 
This is the positive analog supply. This pin 
should be bypassed with a 0.1 "F ceramic ca- 
pacitor and a 10 "F tantalum capacitor to the 
system analog ground. 


This is the positive digital supply. This supply 
pin also needs to be bypassed with 0.1 "F ce- 
ramic and 10 "F 
tantalum capacitors to the 
system digital ground. AV+ and DV+ should 
be bypassed separately and tied to same pow- 
er supply. 
This is the digital ground. All logic levels are 
referred to this ground. 


This is the negative analog supply. For unipolar 
operation this pin may be tied to the system 
analog ground or to a negative supply source. 
It should not go above DGND by more than 
50 mY. When bipolar operation is required, the 
voltage on this pin will limit the analog input's 
negative voltage level. In bipolar operation this 
supply pin needs to be bypassed with 0.1 "F 
ceramic and 10 "F tantalum capacitors to the 
system analog ground. 
These are the positive and negative reference 
inputs. The voltage difference between VREF+ 
and VREF- will set the analog input voltage 
span. 


VREFOut 
This is the internal band-gap voltage reference 
output. For proper operation of the voltage ref- 
erence, this pin needs to be bypassed with a 
330 "F tantalum or electrolytic capacitor. 
This is the chip select input. When a logic low is 
applied to this pin the WR and RD pins are 
enabled. 


RD 
This is the read control input. When a logic low 
is applied to this pin the digital outputs are en- 
abled and the INT output is reset high. 


WR 
This is the write control input. The rising edge 
of the signal applied to this pin selects the mul- 
tiplexer channel and initiates a conversion. 


INT 
This is the interrupt output. A logic low at this 
output indicates the completion of a conver- 
sion. 


ClK 
This is the clock input. The clock frequency di- 
rectly controls the duration of the conversion 
time (for example, in the 10-bit bipolar mode 
tc = 22/fCLK) and the acquisition time (tA = 
6/fClK)' 


DBO(MAO)-These are the digital data inputs/outputs. DBO 
DB7 (l/R) 
is the least significant bit of the digital output 
word; DB7 is the most significant bit in the digi- 
tal output word (see the Output Data Configura- 
tion table). MAO through MA4 are the digital 
inputs for the multiplexer channel selection 
(see the Multiplexer Addressing tables). U/S 
(Unsigned/Signed), 8/fO, (8/1 O-bit resolution) 
and LlR (left/Right 
justification) are the digital 


input bits that set the AID's output word format 
and resolution (see the Output Data Configura- 
tion table). The conversion time is modified by 
the chosen resolution (see Electrical AC Char- 
acteristics table). The lower the resolution, the 
faster the conversion will be. 


CHO-CH7 
These are the analog input multiplexer chan- 
nels. They can be configured as single-ended 
inputs, differential input pairs, or pseudo-differ- 
ential inputs (see the MUltiplexer Addressing 
tables for the input polarity assignments). 


2.0 Functional Description 
The ADC10154 and ADC10158 use successive approxima- 
tion to digitize an analog input voltage. Additional logic has 
been incorporated in the devices to allow for the programm- 
ability of the resolution, conversion time and digital output 
format. A capacitive array and a resistive ladder structure 
are used in the DAC portion of the AID converters. The 
structure of the DAC allows a very simple switching scheme 
to provide a very versatile analog input multiplexer. Also, 
inherent in this structure is a sample/hold. A 2.5V CMOS 
band·gap reference is also prOVidedon the ADC10154 and 
ADC10158. 


2.1 DIGITAL INTERFACE 
The ADC10154 and ADC10158 have eight digital outputs 
(DBO-DB8) and can be easily interfaced to an 8-bit data 
bus. Taking cg and WR low simultaneously will strobe the 
data word on the data-bus into the input latch. This word will 
be decoded to determine the multiplexer channel selection, 
the A/D conversion resolution and the output data format. 
The following table shows the input word data-bit assign· 
ment. 


DBO 


MAO 


MUX Address 
Control 
Input Data 


DBOthrough DB4 are assigned to the multiplexer address 
data bits zero through four (MAO-MA4). Tables II and III 
describe the multiplexer address assignment. DB5 selects 
unsigned or signed (U/S) operation. DB6 selects 8- or 10-bit 
resolution. DB7 selects left or right justification of the output 
data. Refer to Table I for the effect the Control Input Data 
has on the digital output word. 
The conversion process is started by the rising edge of WR, 
which sets the "start conversion" bit inside the ADC. If this 
bit is set, the converter will start acquiring the input voltage 
on the next falling edge of the internal ClK + 2 signal. The 
acquisition period is 3 ClK + 2 periods, or 6 ClK periods. 
Immediately after the acquisition period the input signal is 


held and the actual conversion begins. The number of 
clocks required for a conversion is given in the following 
table: 


Conversion Type 
ClK+2 
ClK 
Cycles 
Cycles(N) 


8-Bit 
8 
16 


8-Bit + Sign 
9 
18 


10-Bit 
10 
20 


10-Bit + Sign 
11 
22 


Since the ClK + 2 signal is internal to the ADC, it is initially 
impossible to know which falling edge of ClK corresponds 
to the falling edge of ClK + 2. For the first conversion, the 
rising edge of WR should occur at least tws ns before any 
falling edge of ClK. If this edge happens to be on the rising 
edge of ClK + 2, this will add 2 ClK cycles to the total con- 
version time. The phase of the ClK + 2 signal can be deter- 
mined at the end of the first conversion, when INT goes low. 
INT always goes low on the falling edge of the ClK + 2 sig- 
nal. From the first falling edge of INT onward, every other 
falling edge of ClK will correspond to the falling edge of 
ClK + 2. With the phase of ClK + 2 now known, the conver- 
sion time can be minimized by taking WR high at least tws 
ns before the falling edge of ClK + 2. 


Upon completion of the conversion, INT goes low to signal 
the AID conversion result is ready to be read. Taking cg 
and RD low will enable the digital output buffer and put byte 
1 of the conversion result on DBOthrough DB7. The falling 
edge of RD resets the INT output high. Taking CS and RD 
Iowa second time will put byte 2 of the conversion result on 
DB7-DBO. Table I defines the DBO-DB7 assignement for 
different Control Input Data.The second read does not have 
to be completed before a new conversion is started. 
Taking CS, WR and RD low simultaneously will start a con- 
version without changing the multiplexer channel assign· 
ment or output configuration and resolution. The timing dia· 
gram in Figure 2 shows the sequence of events that imple- 
ment this function. Refer to Diagrams 1, 2, and 3 in the 
Timing Diagrams section for the timing constraints that must 
be met. 
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FIGURE 2. Starting a Conversion without Updating the Channel Configuration, 
Resolution, or Data Format 
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2.0 Functional Description 
(Continued) 


Digital Interface Hints: 
• Reads and writes can bEl completely asynchronous to 
CLK. 


• In addition to the timing indicated in Diagrams 1-3, -eg 
can be tied low permanently or taken low for entire con- 
versions, eliminating all the -eg guardbands (leR, tRC, 
!CW, twe)· 
• If -eg is used as shown in Diagrams 1-3, the -eg guard- 
bands (leR, tRC,lew, twc) between -eg and the RD and 
WA signals can safely be ignored as long as the following 
two conditions are met: 
1) When initiating a write, -eg and WR must be simulta- 
neously low for at least tw(Wrf) ns (see Diagram 1). 
The "start" conversion" bit will be set on the rising 
edge of WA or -eg, whichever is first. 


2) When reading data, understand that data will not be 
valid until tAce ns after both -eg and iID go low. The 
output data will enter TRI-STATE t1H ns or toH ns after 
either -eg or l1I5 goes high (see Diagrams 2 and 3). 


2.2 ARCHITECTURE 
Before a conversion is started, during the analog input sam- 
pling period, the sampled data comparator is zeroed. As the 
comparator is being zeroed the channel assigned to be the 
positive input is connected to the AID's 
input capacitor. 


(See the Digital Interface section for a description of the 
assignment procedure.) This charges the input 32C capaci- 
tor of the DAC to the positive analog input voltage. The 
switches shown in the DAC portion of the detailed block 
diagram are set for this zeroing/ acquisition period. The volt- 
age at the input and output o'fthe comparator are at equilib- 
rium at this point in time. When the conversion is started the 
comparator feedback switches are opened and the 32C in- 
put capacitor is then switched to the assigned negative in- 
put voltage. When the comparator feedback switch opens a 
fixed amount of charge is trapped on the common plates of 
the capacitors. The voltage at the input of the comparator 
moves away from equilibrium when the 32C capacitor is 
switched to the assigned negative input voltage, causing the 
output of the comparator to go high ("1") or low ("0"). The 
SAR next goes through an algorithm, controlled by the out- 
put state of the comparator, that redistributes the charge on 
the capacitor array by switching the voltage on one side of 
the capacitors in the array. The objective of the SAR algo- 
rithm is to return the voltage at the input of the comparator 
as close as possible to equilibrium. 


The switch position information at the completion of the 
successive approximation routine is a direct representation 
of the digital output. This information is then manipulated by 
the Digital Output decoder to the programmed format. The 
reformatted data is then available to be strobed onto the 
data bus (DBO-DB7) via the digital output buffers by taking 
-eg and RD low. 


3.0 Applications 
Information 


3.1 MULTIPLEXER 
CONFIGURATION 
The design of these converters utilizes a sampled-data 
comparator structure which allows a differential analog input 
to be converted by the successive approximation routine. 


The actual voltage converted is always the difference be- 
tween an assigned" +" input terminal and a "-" 
input ter- 
minal. The polarity of each input terminal or pair of input 
terminals being converted indicates which line the converter 
expects to be the most positive. If the assigned" +" input is 
less than the" -" 
input the converter responds with an all 
zeros output code when configured for unsigned operation. 
When configured for signed operation the AID responds 
with the appropriate output digital code. 
A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels. The input channels can be 
software configured into three modes: differential, single- 
ended, or pseudo-differential. Figure 
3 shows the three 
modes using the 4-channel MUX of the ADC10154. The 
eight inputs of the ADC10158 can also be configured in any 
of the three modes. The single-ended mode has CHO-CH3 
assigned as the positive input with the negative input being 
the VREF- 
of the device. In the differential mode, the 
ADC10154 channel inputs are grouped in pairs, CHO with 
CH1 and CH2 with CH3. The polarity assignment of each 
channel in the pair is interchangeable. Finally, in the pseu- 
do-differential mode CHO-CH2 are positive inputs referred 
to CH3 which is now a pseudo-ground. This pseudo-ground 
input can be set to any potential within the input common- 
mode range of the converter. The analog signal conditioning 
required in transducer-based data acquisition systems is 
significantly simplified with this type of input flexibility. One 
converter package can now handle ground-referred inputs 
and true differential inputs as well as signals referred to a 
specific voltage. 


The analog input voltages for each channel can range from 
50 mV below V- 
(typically ground for unipolar operation or 
-5V 
for bipolar operation) to 50 mV above V+ = DV+ = 
AV+ (typically 5V) without degrading conversion accuracy. 
If the voltage on an unselected channel exceeds these lim- 
its it may corrupt the reading of the selected channel. 


2 Single Ended 
and 1 Differential 
4 Single-Ended 
2 Differential 
3 Pseudo-DifferentIal 


CHO, { 
+(-) 
CHO 


CH1 
- (+) 
CHI 
AOC101S4 
ADC101S4 
CH2 


CH2, { 
+ (-) 


CH3 
- (+) 
CH3 


+ (-) 


-(+) ADC101S4 
+ 


3.0 Applications 
Information 
(Continued) 


3.2 REFERENCE 
CONSIDERATIONS 


The voltage 
difference 
between 
the VREF+ 
and VREF- 
in- 


puts defines 
the analog 
input voltage 
span 
(the difference 


between 
VIN(Max) 
and VIN(Min)) 
over which the 2" (where 
n 


is the programmed 
resolution) 
possible 
output 
codes 
apply. 
In the pseudo-differential 
and differential 
modes 
the actual 


voltage 
applied 
to VREF+ 
and VREF- 
can lie anywhere 
be- 


tween 
the AV+ 
and V-. 
Only the difference 
voltage 
is of 


importance. 
When 
using the single-ended 
multiplexer 
mode 


the voltage 
at VREF- 
has a dual function. 
It simultaneously 


determines 
the "zero" 
reference 
voltage 
and, with VREF+, 
the analog 
voltage 
span. 


The value 
of the voltage 
on the 
VREF+ 
or VREF- 
inputs 


can 
be 
anywhere 
between 
AV+ 
+ 
50 
mV 
and 
V- 


- 
50 mV, so long as VREF+ 
is greater 
than 
VREF-. 
The 
ADC1 0154 and ADC1 0158 can be used in either ratio metric 
applications 
or in systems 
requiring 
absolute 
accuracy. 
The 


reference 
pins must be connected 
to a voltage 
source capa- 


ble 
of 
driving 
the 
minimum 
reference 
input 
resistance 
of 


4.5 kO. 


The internal 
2.5V bandgap 
reference 
in the ADC10154 
and 


ADC10158 
is available 
as an output 
on the VREFOut pin. To 


ensure 
optimum 
performance 
this 
output 
needs 
to be by- 
passed 
to ground 
with 330 I-'F aluminum 
electrolytic 
or tan- 


talum 
capacitor. 
The reference 
output 
is unstable 
with ca- 
pacitive 
loads 
greater 
than 
100 pF and less than 
100 I-'F. 


Any capacitive 
loads 
,,; 100 pF or ;" 100 I-'F will not cause 


the 
reference 
to oscillate. 
Lower 
output 
noise 
can be ob- 


tained 
by 
increasing 
the output 
capacitance. 
The 330 I-'F 


capacitor 
will yield a typical 
noise floor 
of 200 nVrms/JHZ. 


The 2.5V reference 
output 
is referred 
to the negative 
supply 


pin (V-). 
Therefore, 
the 
voltage 
at VREFOut 
will 
always 


be 2.5V greater 
than 
the voltage 
applied 
to V-. 
Applying 
this voltage 
to VREF+ 
with VREF- 
tied to V- 
will yield an 


analog 
voltage 
span of 2.5V. 
In bipolar 
operation 
the volt- 


age at VREFOut will be at -2.5V 
when 
V- 
is tied to -5V. 


For the single-ended 
multiplexer 
mode the analog 
input volt- 


age range will be from 
-5V 
to -2.5V. 
The pseudo-differen- 


tial and differential 
multiplexer 
modes allow for more flexibil- 


ity in the analog 
input voltage 
range since the "zero" 
refer- 


ence voltage 
is set by the actual 
voltage 
applied 
to the as- 


signed 
negative 
input pin. The drawback 
of using the inter- 


nal reference 
in the bipolar 
mode 
is that 
any noise 
on the 
- 5V tied to the V - 
pin will affect the conversion 
result. The 


bandgap 
reference 
is specified 
and tested 
in unipolar 
opera- 


tion with V- 
tied to the system 
ground. 


In a ratiometric 
system 
(Figure 4a), the analog 
input voltage 


is proportional 
to the voltage 
used 
for the AID 
reference. 


This 
voltage 
may 
also 
be 
the 
system 
power 
supply, 
so 


VREF+ 
can also be tied to AV+. 
This technique 
relaxes 
the 
stablity 
requirements 
of the system 
reference 
as the analog 


input 
and 
AID 
reference 
move 
together 
maintaining 
the 


same output 
code for a given 
input condition. 


For absolute 
accuracy 
(Figure 
4b), where 
the analog 
input 
varies between 
very specific 
voltage 
limits, the reference 
pin 


can be biased 
with a time- 
and temperature-stable 
voltage 


source 
that has excellent 
initial accuracy. 
The LM4040 
and 


LM185 
references 
are suitable 
for use with the ADC10154 


and ADC10158. 


~ 
~ 
~ 
- 
- 
680/1 


.•.. 
Rc ~ 726/1 
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O>{' 
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+ 
• 


CHO 
VRtrOUT 
CHI 
LW4040-4 
ADC10154 
CHI 
0.1 JlF 
CH2 
VREf 
+ 


CH3 
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a. Ratiometric 
Using 
the Internal 
Reference 


FIGURE 
4. Different 
Reference 
Configurations 


3.0 Applications 
Information 
(Continued) 


The 
minimum 
value 
of VREF (VREF = VREF+ 
- 
VREF-) 
can 
be quite 
small 
(see Typical 
Performance 
Characteris- 


tics) to allow direct conversion 
of transducer 
outputs 
provid- 


ing less than a 5V output 
span. Particular 
care must be tak- 
en with 
regard 
to 
noise 
pickup, 
circuit 
layout 
and 
system 
error voltage 
sources 
when 
operating 
with a reduced 
span 
due 
to 
the 
increased 
sensitivity 
of the 
converter 
(1 LSB 


equals 
VREF/2n). 


3.3 THE ANALOG 
INPUTS 


Due to the sampling 
nature of the analog inputs, at the clock 
edges 
short 
duration 
spikes 
of current 
will be seen on the 


selected 
assigned 
negative 
input. 
Input 
bypass 
capacitors 
should 
not be used if the source 
resistance 
is greater 
than 


1 kl1 since 
they will average 
the AC current 
and cause 
an 
effective 
DC current 
to flow through 
the analog 
input source 
resistance. 
An op amp RC active 
lowpass 
filter can provide 
both 
impedance 
buffering 
and noise 
filtering 
should 
a high 
impedance 
signal 
source 
be 
required. 
Bypass 
capacitors 
may be used when 
the source 
impedance 
is very low with- 


out any degradation 
in performance. 


In a true differential 
input stage, a signal that is common 
to 
both" +..and" 
-" 
inputs 
is cancelled. 
For the ADC10154 
and ADC1 0158, the positive 
input of a selected 
channel 
pair 


is only sampled 
once before 
the start of a conversion 
during 
the 
acquisition 
time 
(tAl. 
The 
negative 
input 
needs 
to be 


stable 
during the complete 
conversion 
sequence 
because 
it 


is sampled 
before 
each 
decision 
in the 
SAR 
sequence. 


Therefore, 
any AC common-mode 
signal present 
on the an- 


alog inputs 
will not be completely 
cancelled 
and will cause 


some 
conversion 
errors. 
For a sinusoid 
common-mode 
sig- 
nal this error is: 


Verror(Max) 
= VPEAK (21TfCM)(te) 


where 
fCM is the 
frequency 
of the 
common-mode 
signal, 


VPEAK is its peak voltage 
value, 
and te is the AID's 
maxi- 
mum 
conversion 
time 
(te = 
22/fClK 
for 
10-bit 
plus 
sign 


resolution). 
For example, 
for .1 60 Hz common-mode 
signal 


to generate 
a 'I.LSB error 
(1.24 mY) with a 4.5. ",s conver- 


sion 
time, 
its peak 
value 
would 
have 
to be approximately 


731 mY. 


3.4 OPTIONAL 
ADJUSTMENTS 


3.4.1 Zero 
Error 


The zero error 
of the A/D 
converter 
relates 
to the location 


of the first riser of the transfer 
function 
(see Figure 
1) and 


can be measured 
by grounding 
the minus input and applying 


a small 
magnitude 
positive 
or negative 
voltage 
to the plus 


input. Zero 
error 
is the difference 
between 
actual 
DC input 


voltage 
which 
is necessary 
to just 
cause 
an output 
digital 


code transition 
from 000 0000 0000 to 000 0000 0001 
(10- 


bits plus sign) and the ideal % LSB value ('12 LSB = 2.44 
mV for VREF = + 5.000V 
and 10-bit plus sign resolution). 


The zero 
error 
of the AID 
does 
not require 
adjustment. 
If 


the 
minimum 
analog 
input 
voltage 
value, 
V,N(Min), 
is not 


ground, 
the 
effetive 
"zero" 
voltage 
can 
be adjusted 
to a 


convenient 
value. 
The converter 
can be made to output 
an 


all zeros digital code for this minimum 
input voltage 
by bias- 


ing any minus 
input to VIN(Min). 
This is useful for either the 


differential 
or pseudo-differential 
input 
channel 
configura- 
tions. 


3.4.2 Full-Scale 


The full-scale 
adjustment 
can be made by applying 
a differ- 


ential input voltage 
which 
is 1% LSB down from the desired 


analog 
full-scale 
voltage 
range and then adjusting 
the VREF 
voltage 
(VREF 
= 
VREF+ 
- 
VREF-) 
for 
a digital 
output 


code 
changing 
from 
011 
1111 
1110 to 011 
1111 
1111. 
In 
bipolar 
signed 
operation 
this 
only 
adjusts 
the 
positive 
full 
scale error. The negative 
full-scale 
error will be as specified 


in the Electrical 
Characteristics 
after a positive 
full-scale 
ad- 


justment. 


3.4.3 Adjusting 
for an Arbitrary 
Analog 
Input 
Voltage 
Range 


If the analog 
zero voltage 
of the AID 
is shifted 
away from 
ground 
(for example, 
to accommodate 
an analog 
input sig- 
nal which 
does 
not go to ground), 
this new zero reference 
should 
be properly 
adjusted 
first. A plus input voltage 
which 
equals 
this desired 
zero reference 
plus % LSB (where 
the 
LSB is calculated 
for the desired 
analog 
span, using 
1 LSB 


= analog 
span/2n, 
n being the programmed 
resolution) 
is 
applied 
to selected 
plus input and the zero reference 
volt- 
age at the corresponding 
minus input should 
then be adjust- 


ed to just obtain 
the OOOHEXto 001 HEX code transition. 


The full-scale 
adjustment 
should 
be made 
[with the proper 
minus input voltage 
applied] 
by forcing 
a voltage 
to the plus 
input which 
is given by: 


VIN( +) fs adj = VMAX - 
1.5 [(VMAX 2~ VMIN)] 


where VMAX equals the high end of the ananlog 
input range, 


VMIN equals 
the 
low 
end 
(the 
offset 
zero) 
of the 
analog 


range and n equals 
the programmed 
resolution. 
Both VMAX 


and VMIN are ground 
referred. 
The VREF (VREF = VREF+ 
- 
VREF-) 
voltage 
is then 
adjusted 
to 
provide 
a code 
change 
from 3FEHEX to 3FFHEX. Note, when 
using a pseu- 


do-differential 
or differential 
multiplexer 
mode where VREF+ 


and VREF- 
are placed 
within 
the V+ 
and V- 
range, 
the 
individual 
values 
of VREF+ 
and VREF- 
do not matter, 
only 
the difference 
sets the analog 
input voltage 
span. This com- 


pletes 
the adjustment 
procedure. 


3.5 INPUT SAMPLE-AND-HOLD 


The ADC10154/8's 
sample/hold 
capacitor 
is implemented 
in the capacitor 
array. After 
the channel 
address 
is loaded, 


the array is switched 
to sample 
the selected 
positive 
analog 
input. The rising edge of WR loads the multiplexer 
address- 
ing information. 
The sampling 
period 
for the assigned 
posi- 
tive 
input 
is maintained 
for the 
duration 
of the 
acquisition 
time 
(tAl, 
i.e., approximately 
6 to 8 clock 
cycles 
after 
the 
rising edge of WR. 


An acquisition 
window 
of 6 clock 
cycles 
is available 
to allow 
the voltage 
on the capacitor 
array 
to settle 
to the positive 
analog 
input voltage. 
Any change 
in the analog voltage 
on a 
selected 
positive 
input 
before 
or after 
the acquisition 
win- 


dow will not effect 
the AID 
conversion 
result. 


In the simplest 
case, 
the 
array's 
acquisition 
time 
is deter- 
mined 
by the 
RON (9 kl1) of the multiplexer 
switches, 
the 
stray input capacitance 
CS1 (3.5 pF) and the total array (CL> 


and 
stray 
(CS2) capacitance 
(Cl + CS2 = 48 pF). For a 
large source 
resistance 
the analog 
input can be modeled 
as 
an RC network 
as shown 
in Figure 
5. The 
values 
shown 
yield an acquisition 
time of about 
1.1 "'S for 1O-bit unipolar 
or 10-bit plus sign bipolar 
accuracy 
with a zero-to-full-scale 
change 
in the input voltage. 
External 
source 
resistance 
and 
capacitance 
will lengthen 
the acquisition 
time and should 
be 
accounted 
for. Slowing 
the clock 
will lengthen 
the acquisi- 


tion time, 
thereby 
allowing 
a larger 
external 
source 
resist- 


ance. 


FIGURE 5. Analog Input Model 


The curve "Signal to Noise Ratio vs. Output Frequency" 
(Figure 6) gives an indication of the usable bandwidth of the 
ADC10154/ADC10158. The signal-to-noise ratio of an ideal 
AID is the ratio of the RMS value of the full scale input 
signal amplitude to the value of the total error amplitude 
(including noise) caused by the transfer function of the AID. 
An ideal10-bit plus sign AID converter with a total unadjust- 
ed error of 0 LSB would have a signal-to-noise ratio of about 
68 dB, which can be derived from the equation: 


SIN = 6.02(n) + 1.8 


where SIN is in dB and n is the number of bits. Figure 2 
shows the signal-to-noise ratio vs. input frequency of a typi- 
cal ADC10154/ADC10158 with Yo LSB total unadjusted er- 
ror. The dotted lines show signal-to-noise ratios for an ideal 
(noiseless) 10-bit AID with 0 LSB error and an AID with a 1 
LSB error. 
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FIGURE 6. ADC10154/ADC10158 
Signal·ta-Noise Ratio vs Input Frequency 
The sample-and-hold error specifications are included in the 
error and timing specifications of the AID. The hold step 
and gain error samplelhold 
specs are included in the 


ADC101541ADC10158's total 
unadjusted, linearity, gain 


and offset error specifications, while the hold settling time is 
included in the AID's maximum conversion time specifica- 
tion. The hold droop rate can be thought of as being zero 
since an unlimited amount of time can pass between a con- 
version and the reading of data. The data is lost after a new 
conversion has been completed. 


• 


Protecting the Analog Inputs 


+5V 


Note 1: Diodes are 1N914. 


Note 2: The protection diodes should be able to withstand the output current of the op amp under current limit. 


Zero-Shift and Span-Adjust for Signed or Unsigned, Unipolar, Single-Ended 
Multiplexer Assignment, Analog Input Range of 2V ,,; VIN ,,; 4.5V 


Vcc 
(5Voc 
i5%) 


ADC101S4 
AOC101S8 


+ 
4.5Voc 
VREf - 
VREf 


+ 


5Voci5% 
lJ.l~ 
20k 


t!JNational 
Semiconductor 


ADC1031/ ADC1034/ ADC1038 10-Bit Serial 
I/O A/D Converters with Analog Multiplexer 
and Track/Hold 
Function 


General Description 


The ADC1031, 
ADC1034 
and ADC1036 
are 10-bit succes- 


sive approximation 
AID 
converters 
with serial I/O. The seri- 
al input, for the ADC1034 
and ADC1036, 
controls 
a single- 


ended 
analog 
multiplexer 
that 
selects 
one of 4 input chan- 
nels (ADC1034) 
or one of 6 input channels 
(ADC1036). 
The 


ADC1034 
and ADC1036 
serial 
output 
data 
can be config- 
ured into a left- or right-justified 
format. 


An input 
track/hold 
is implemented 
by a capacitive 
refer- 
ence 
ladder 
and sampled-data 
comparator. 
This allows 
the 


analog 
input to vary during the AID 
conversion 
cycle. 


Separate 
serial 
I/O and conversion 
clock 
inputs are provid- 
ed to facilitate 
the interlace 
to various 
microprocessors. 


Applications 


• 
Engine 
control 


• 
Process 
control 


• 
Instrumentation 


• 
Test 
equipment 


Features 


• 
Serial 
I/O 
(MICROWIRETM 
compatible) 


• 
Separate 
asynchronous 
converter 
clock 
and 
serial 
data 


I/O 
clock 


• 
Analog 
input track/hold 
function 


• 
Ratiometric 
or absolute 
voltage 
referencing 


• 
No zero or full scale 
adjustment 
required 


• 
OV to 5V analog 
input range with single 
5V power 
supply 


• 
TIL/MOS 
input/output 
compatible 


• 
No missing 
codes 
Key Specifications 


• 
Resolution 
• 
Total 
unadjusted 
error 


• 
Single 
supply 


• 
Power 
dissipation 


• 
Max. conversion 
time (fe = 3 MHz) 


• 
Serial 
data exchange 
time (fs = 1 MHz) 


10 bits 


±1 
LSB (max) 


5V ±5% 


20 mW (max) 


13.7 JJ.s(max) 


10 JJ.s(max) 
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ADC1038In 
NS Packages 


J20A, M20B or N20A 


Industrial 
-40'C 
,;: TA';: 
+85'C 
Package 


ADC1031CIN 
N06E 


ADC1034CIN 
N16E 


ADC1034CIWM 
M16B 


ADC1036CIN 
N20A 


ADC1036CIWM 
M20B 


Military 
-55'C,;: 
TA';: 
+ 125'C 
Package 


ADC1034CMJ 
J16A 


ADC1036CMJ 
J20A 


• 


Operating Ratings 
(Notes 2 & 3) 


Temperature Range 
TMIN,;; TA ,;; TMAX 


ADC1031CIN. 
-40"C 
,;; TA ,;; +B5·C 


ADC1034CIN. 
ADC1034CIWM. 
ADC103BCIN, 
ADC103BCIWM 
ADC1034CMJ, ADC103BCMJ 


Supply Voltage (Vecl 


Reference Voltage 
(VREF= VREF+ - VREF-) 


Absolute Maximum Ratings (Notes 1 & 3) 
If Military/Aerospace 
specified 
devices 
are required, 


please 
contact 
the 
National 
Semiconductor 
sales 


Office/Distributors 
for availability 
and specifications. 


Supply Voltage (Vecl 
6.5V 


Voltage at Inputs and Outputs 
-0.3V to Vee + 0.3V 


Input Current at Any Pin (Note 4) 
± 5 mA 


Package Input Current (Note 4) 
± 20 mA 


Package Dissipation 


at TA = 25·C (Note 5) 


ESD Susceptability (Note 6) 


Soldering Information 


N Package (10 sec.) 
J Package (10 sec.) 
SO Package (Note 7): 
Vapor Phase (60 sec.) 
Infrared (15 sec.) 


Storage Temperature 


-55·C 
,;; TA ,;; + 125·C 


4.75 Voe to 5.25 Voe 


500mW 
2000V 


260·C 
300"C 


215·C 
220"C 


- 65·C to + 150·C 


Electrical Characteristics 
The following specifications apply for Vee = 
+ 5.0V. VREF = 
+ 4.6V. fS = 700 kHz, and fe = 3 MHz unless otherwise 


specified. Boldface limits apply for TA = TJ = TMINto TMAX;all other limits TA = TJ = 25·C. 


Limit 
(Note 9) 


Units 


(Limits) 


Total Unadjusted I CIN, CIWM. CMJ 
(Note 10) 
±1 
LSB (max) 


Error 


Differential Linearity 
10 
Bits (min) 


RREF 
Reference Input Resistance 
B 
kO 


5 
kO(min) 


- 
;c_ 
-l 
11 
kO(max) 


VREF 
Reference Voltage 
. 


(VCC + 0.05) 
V (max) 


VIN 
Analog Input Voltage 
(Note 11) 
(Vcc 
+ 0.05) 
V (max) 
(GND - 0.05) 
V (min) 


On Channel Leakage Current 
On Channel = 5 Voc. 
5.0 
200 
nA(max) 


Off Channel = 0 Voc 
500 
nA(max) 


(Note 12) 
On Channel = 0 Voc. 
5.0 
-200 
nA(max) 


Off Channel = 5 Voc 
-500 
nA(max) 


Off Channel Leakage Current 
On Channel = 5 Voc, 
5.0 
-200 
nA(max) 


Off Channel = 0 Voc 
-500 
nA(max) 


(Note 12) 
On Channel = 0 Voe, 
5.0 
200 
nA(max) 


Off Channel = 5 Voc 
500 
nA (max) 


Power Supply 
I Zero Error 
4.75 Voe ,;; Vee ,;; 5.25 Voe 
±1/4 
LSB (max) 


Sensitivity 
I Full Scale Error 
±1/4 
LSB (max) 


Electrical Characteristics 
(Continued) 


The 
following 
specifications 
apply 
for Vcc 
= + 5.0V, 
VREF = + 4.6V, 
fS = 
700 
kHz, and fc = 
3 MHz 
unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for TA = TJ = TMIN to T MAX; all other 
limits TA = TJ = 25°C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
8) 
(Note 
9) 
(Limits) 


DIGITAL 
AND DC CHARACTERISTICS 


VIN(1) 
Logical 
"1" 
Input Voltage 
Vcc = 5.25 Voc 


. 
2.0 
V (min) 


VIN(O) 
Logical 
"0" 
Input Voltage 
Vcc = 4.75 Voc 
0.8 
V (max) 


'IN(l) 
logical 
"1" 
Input Current 
VIN = 5.0Voc 
0.005 
2.5 
J.LA(max) 


'IN(O) 
Logical 
"0" 
Input Current 
. 


VIN = OVoc 
-0.005 
-2.5 
J.LA(max) 


VOUT(l) 
Logical 
"1" 
Output Voltage 
Vcc = 4.75 Voc 


lOUT = -360 
J.LA 
2.4 
V (min) 


lOUT = -10J.LA 
4.5 
V (min) 


VOUT(O) 
Logical 
"0" 
Output Voltage 
Vcc = 4.75 Voc 
0.4 
V (max) 


lOUT = 1.6mA 


lOUT 
TRI-STATE 
Output 
Current 
VOUT = OV 
-0.01 
-3 
J.LA(max) 


VOUT = 5V 
0.01 
3 
J.LA(max) 


ISOURCE Output Source 
Current 
VOUT = OV 
'. 
-14 
-&.5 
mA(min) 


ISINK 
Output 
Sink Current 
VOUT = Vcc 
16 
8.0 
mA(min) 


Icc 
Supply Current 
cg = HIGH, VREF Open 
1.5 
3 
mA(max) 


AC CHARACTERISTICS 


fc 
Conversion 
Clock (CcLKl 


'1 
0.7 
MHz (min) 


Frequency 
4.0 
3.0 
MHz (max) 


fs 
serial 
Data Clock (ScLKl 
fc = 3 MHz, R/[ = "0" 
183 
kHz (min) 


Frequency 
(Note 13) 
fc = 3 MHz, R/L = "1" 
622 
kHz (min) 


fc = 3 MHz, R/[ = "0" 
or R/[ = "1" 
2 
1.0 
MHz (max) 


Tc 
Conversion 
Time 
Not Including 
MUX Addressing 
and 
41 (1/fc) 
(max) 
Analog 
Input Sampling 
Times 
+ 200n. 


teA 
Analog 
Sampling 
Time 
After Address 
is Latched,cg 
= Low 
4.5 (1/fa) 
(max) 
+ 200n. 


tACC 
Access 
Time Delay from cg 
or OE 
OE= 
"0" 


100 
200 
ns(max) 
Falling Edge to DO Data Valid 


tSET-UP 
Set-up Time of cg 
Falling 
, 


75 
150 
ns(min) 
Edge to SCLK Rising Edge 
;~ 


tlH, toH 
Delay from OE or cg 
Rising 
RL = 3 kO, CL = 100 pF 
. 


Edge to DO TRI-ST ATE 
100 
120 
ns(max) 


tHOI 
DI Hold Time from SCLK Rising Edge 
0 
50 
ns(min) 


tSOI 
DI Set-up Time to SCLK Rising Edge 
50 
100 
ns(min) 


Electrical Characteristics 
(Continued) 
The 
following 
specifications 
apply 
for 
VCC = 
+ 5.0V, 
VREF = 
+4.6V, 
fs = 
700 
kHz, 
and 
fc = 
3 MHz 
unless 
otherwise 


specified. 
Boldface 
limits 
apply 
for 
T A = TJ = TMIN to TMAX; 
all other 
limits 
TA = TJ = 25'C. 


Conditions 
Typical 
Limit 
Units 
Symbol 
Parameter 
(Note 
8) 
(Note 
9) 
(Limits) 


AC CHARACTERISTICS 
(Continued) 


tHOO 
DO Hold 
Time 
from 
SCLK Falling 
Edge 
RL = 30 k!l, 
CL = 100 pF 
70 
10 
ns(min) 


tDOO 
Delay 
from 
SCLK Falling 
RL = 30 k!l, 
CL = 100 pF 
150 
250 
ns(max) 
Edge 
to DO Data Valid 


tROO 
DO Rise Time 
RL = 30 k!l. 
TRI-STATE 
to High 
35 
75 
ns(max) 


CL = 100 pF 
Low to High 
75 
150 
ns(max) 


tFOO 
DO Fall Time 
RL = 30 k!l. 
TRI-STATE 
to Low 
35 
75 
ns(max) 


CL = 100pF 
High to Low 
75 
150 
ns(max) 
- 


CIN 
Input 
Capacitance 
Analog 
Inputs 
(CHO-CH7) 
50 
pF 


All Other 
Inputs 
7.5 
pF 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating 
Ratings indicate conditions 
for which the device is functional, 
but do not guarantee specific performance 
limits. For guaranteed 
specifications 


and t8St conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated 
under the listed test conditions. 


Note 3: All voltages 
are measured with respect to AGND and DGND, unless otherwise 
specified. 


Note 4: When the input voltage (V,N)at any pin exceeds the power supplies (V,N < DGND, or V,N > Vcel the current at that pin should be limited to 5 mA. The 
20 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four pins. 


Note 5: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJmax, 8JA and the ambient temperature, 
TA. The maximum 


allowable 
power dissipation 
at any temperature 
is Po = (TJmax - 
TA>/8JA or the number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. For this 
device, TJmax- 
125·C. The typical thermal resistance (9JAl of these parts when board mounted follow: ADC1031 with CIN suffixes 71'C/W, 
ADC1034 with CMJ 


suffixes 5'Z'C/W, ADC1034 with CIN suffixes 54'C/W, 
ADC1034 with CIWM suffixes 70'C/W. ADC1038 with CMJ suffixes 53"C/W. ADC1038 with CIN suffixes 
46"C/W. 
ADC1038 with CIWM suffixes 64"C/W. 


Note 8: Human body model, 100 pF capacitor 
discharged 
through a 1.5 kO resistor. 


Note 
7: See AN450 
"Surface 
Mounting 
Methods 
and Their Effect on Product Reliability" 
or Unear Databook 
section 
"Surface 
Mount" 
for other methods 
of 
soldering 
surface mount devices. 


Note 8: Typicals are at TJ = 25°C and represent 
most likely parametric 
norm. 


Note 9: Umits are guaranteed 
to National's 
AOOL (Average Outgoing Quality Level). 


Note 
10: Total unadjusted 
error includes offset, full-scale, 
linearity, multiplexer, and hold step errors. 


Note 
11: Two on-.ehip diodes are tied to each analog input. They will forward-conduct 
for analog input voltages one diode drop below ground or one diode drop 
greater than Vcc supply. Be careful during testing at low Vcc levels (4.SV), as high level analog inputs (SV) can cause an input diode to conduct, 
especially 
at 


elevated temperatures, 
which will cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode; this means that as long as the 
analog VIN does not exceed the supply voltage by more than 50 mV, the output code will be correct. Exceeding this range on an unselected channel will corrupt the 
reading of a selected 
channel. To achieve an absolute 0 Voc to 5 Voc input voltage 
range will therefore 
require a minimum supply voltage 
of 4.950 Voc over 
temperature 
variations, 
initial tolerance 
and loading. 


Note 
12: Channel leakage current is measured after the channel selection. 


Note 
13: In order to synchronize 
the serial data exchange properly, SARS needs to go low after completion 
of the serial 110 data exchange. 
If this does not occur 


the output shift register will be reset and the correct output data lost. The minimum limit for SCLK will depend on CcLK frequency and whether right-justified 
or left- 


justified, and can be determined 
by the following 
equations: 


15> (8.5/41) (fel with right-justification (R/( 
- 
"1") and 15> (2.5/41) (fel with left-justification (R/( 
= "0"). 


Typical Performance 
Characteristics 


Power Supply Current 
Power SUpply Current (Icd 
Reference Current (IREF) 


(Icd va CCLK 
va Ambient Temperature 
VB Ambient Temperature 


vet: = vRD" = +SV 
vet: = vRD"' = +sv 
I 
2.0 
VRD"- = AGIlD 
I 2.0 
I 
1.0 
Vw- = AGND 


Sa.x = 700 kHz 
I::::f::::~ 
",vet: 
= S.2SV 
. L 
Ccuc = 3.0 WHz 
i 
TA = 2SOC 
I 
'I Vet: = S.ov 
~ 


Scuc = 700 kHz 


a 
15 ::::- 
15 
0.7S 
•.... 


E 
E 
f'"t""T 
a 


1.0 
1.0 
~ 
D5 


iil 
iil 
VRD"+ = 4V 
vet: = 4.7SV 
i 
D5 
i 
D5 
VRD"- = AGIlD 
I I I 
~ 0.25 
Ccuc = 3.0 WHz 
Scuc = 700 kHz 


0.0 
0 
0 


lOll< 
3OlI< 
lW 
3ll 
1011 
-«1-40-20 
0 
20 
40 
lID III 100 120 140 
-60-40-20 
0 
20 
40 
60 
III 100120140 


Ccuc FllEQUENCY (Hz) 
AIIBlEHT ltWP£RAlURE 
(OC) 
AIIBIENT ltWPERAlURE 
(OC) 


linearity 
Error va 
Linearity Error VB 
Linearity Error va 


CCLKFrequency 
Ambient Temperature 
Reference Voltage 


vet: = vRD"+ = +SV 
Vcc :; vRa+ :; +SV 
1.0 
Reference Vottage = V REJ'.- V REf'. 


~ 


VRD"- = AGIlD 
~ 


2.0 
VRD"- = AGND 
~ 
o.s 
I 
TA = 2SOC 


0.7S 
Sct.x = 700kHz 
Ccuc = 3.0 WHz 
Vet: = S.OV 


o!!- 
TA = 2SOC 
o!!- 
Scuc = 700 kHz 
o!!- 
\ 
CClJ( = 3.0WHz 
i 
i 


15 
i 


ll.6 
\ 


SClJ( = 700kHz 


D50 


~ 
i 
1.0 


~. 


OA 
~ 


0.2S 
~ 
! 
! 
D5 
! 
112 


0 
0 


lOll< 
3OlI< 
l,OW 
3.DW 
1011 
-«1-40-20 
0 
20 
40 
III 
III 100120140 
0 
1 
2 
3 
4 
S 


Ccuc FllEQUENCY (Hz) 
AIIBlEHT TEWP£RAlURE (OC) 
RETEREHCE VOlTAGE (V) 


Zero Error VB 
Reference Voltage 
.- 
0.:; 
~r 
..•..'"'~'" 


R,femtet 
Voltage =V REF· - V REF'- 


OA 
I 
TA = 250C 
~ 
\ 


vet: = S.OV 
. 


CaJ( 
= 3.0WHz 
o!!- 
D.3 
SClJ( = 700 kHz 
~ 
\ 
el 
02 
~ 
"'- 


.c' 
r-. 
0.1 
l 


0 
~=~_.'~ 


0 
1 
2 
3 
4 
S 


RETEREHCE VOLTAGE(V) 


TUH/l0556-5 


t1H. toH 


T£ST 
POINT 
I 
~ 


L 
5.0V 


ADCl038 00 
-l;--j 


DO High to Low State 


~r-tFoo 


2.4V~ 


01 Data Input Timing 


Scu JL.J1Jl 
~\[:lx 


DO Low to High State 


~ 


Roo 


2.4V 
O.4V 


DO "TRI-STATE" Rise 


and Fall Times 


tFOO 


TL/H/l0556-11 


ADC1031 CS High during Conversion 
r 


Analog +- 
S 
II 
TI 
Con•• nlon 
TIm. 
amp ng 
m. 
41 C 
leA = 4.5 SClK 
ClK 


ADC1038/ADC1034 CS High during Conversion 
r 


(DOIoft-Jutllfltd_~~IoR;[ 
= "0" In eyel.N-l)-r-= (DOrlglrt-Jutllfl.db~~ ••N;~ = "1" IneyeloN) ~ 


-J 
Sem~I~~nmo 
L 
-J 
Sam~I~~nm. 
L 
I 
te.=4.5Sct.x 
I 
I 
te.=4.5Sct.x 
I 


Scu: 
1 
2 
! 
.• 
5 
6 
7 
a 
9 
1 
2 
3 
• 
5 
6 
7 
8 
9 
11 
l.Jl 


cs l 
---or 
S 


iiE l 
rl 
__________ 
r~ 
__________ 
r~ 


III 


Pon~ 
Cony.~n~ 


------------ 
41 Cclk 
------------ 
41 Ccu< 
(Con.•.ersion must complete after DOis clocked out) 
(Conversfonmust compl.te after 00 is clocked out) 
11- • 


I 


CycloN 
ADC1038/r 


ADC1034 
CS Low 
ContlnuoUSI~yCIo 
N+l 
~ 


(DOIofl-Jutl/flodboeau.R/l = "0" Incyclo1+-1) 
(DOrlghl-Jusllfl+dboeau•• R/l = "1" IncycloN) 
l 


Ano~ r 
l 
An.~ r 
Samptlng TIme 
Sampling TIm. 
te. = u 
5eu< 
te. = 4.5 5eu< 


5eu< 
S-- 


cs 1 
IS-- 


OE l 
rs-- 


01 


SARS 
~~ 
eonv'l'1lon 
TIme 


----------... 
41 Ccuc 
----------- 
41 Ccuc 


(Conversionmust complete aft.,. 00 ls clocked out) 
(Convtr"lfon 
must complete after 00 II clocked out) 


TUH/l0556-16 


Multiplexer Address/Channel 
Assignment Tables 


ADC1038 


MUXAddress 
Analog 


Channel 
A2 
A1 
AO . 
Selected 


0 
0 
0 
CHO 
0 
0 
1 
, 
CH1 
0 
1 
0 
CH2 
. 


0 
1 
1 
CH3 
1 
0 
0 
CH4 


1 
0 
1 
CH5 
1 
1 
0 
CH6 
1 
1 
1 
CH7 


MUXAddress 
Analog 


Channel 


A2 
A1 
AO 
Selected 


X 
0 
0 
CHO 


X 
0 
1 
CH1 


X 
1 
0 
CH2 


X 
1 
1 
CH3 


AO 
Addross 
Bit 3 


Al 
Addross 
Bit 2 


ANALOG 
INPUT 
tolULTIPLEXER 


I 


A2 
Addross 
Bit 1 


C 
CLOCK 
DELAY for 
ACQUISITION 
R 
(4.5SCLK) 


CO'------------------------------------------------, 
C")o 
.•..occe 
..... 
..,. 


C")o 
.•..oc 
~.•..a.•..g 
ce 


1.0 Pin Descriptions 


CCLK 
The clock applied to this input controls the suc- 
cessive approximation conversion time interval. 
The clock frequency applied to this input can be 
between 700 kHz and 4 MHz. 
The serial data clock input. The clock applied to 
this input controls the rate at which the serial 
data exchange occurs and the analog sampling 
time available to acquire an analog input voltage. 
The rising edge loads the information on the 01 
pin into the multiplexer address shift register (ad- 
dress 
register). This address controls 
which 
channel of the analog input multiplexer (MUX) is 
selected. 
The falling edge shifts the data resulting from the 
previous AID conversion out on DO. cg and OE 
enable or disable the above functions. 


The serial data input pin. The data applied to this 
pin is shifted by SCLK into the multiplexer ad- 
dress register. The first 3 bits of data (AO-A2) 
are the MUX channel address (see the Multiplex- 
er Address/Channel 
Assignment tables). The 
fourth bit (AIL) determines the data format of the 
conversion result in the conversion to be started. 
When A/[ 
is low the output data format is left- 


justified; when high it is right-justified. When right- 
justified: six leading "O"s are output on DO be- 
fore the MSB information; thus the complete con- 
version result is shifted out in 16 clock periods. 
The data output pin. The AID conversion result 
(DO-09) is output on this pin. This result can be 
left- or right-justified depending on the value of 
R/L bit shifted in on 01. 


This pin is an output and indicates the status of 
the internal successive approximation register 
(SAR). When high, it signals that the AID conver- 
sion is in progress. This pin is set high after the 
analog input sampling time (teA> and remains 
high for 41 CcLK periods. When SARS goes low, 
the output shift register has been loaded with the 
conversion result and another AID conversion 
sequence can be started. 
The chip select pin. When a low is applied to this 
pin, the rising edge of SCLKshifts the data on 01 
into the address register. In the AOC1031 this pin 
also functions as the OE pin. 


The output enable pin. When DE and cg are 
both low the falling edge of SCLKshifts out the 
previous AID conversion data on the DO pin. 


The analog inputs of the MUX. A channel input is 
selected by the address information at the 01pin, 
which is loaded on the rising edge of SCLKinto 
the address register. 
Source impedances (Rs) driving these inputs 
should be kept below 1 kO. If Rs is greater than 
1 kO, the sampled data comparator will not have 
enough time to acquire the correct value of the 
applied input voltage. 


The voltage applied to these inputs should not 
exceed VCC or go below OGNO or AGNO by 
more than 50 mY. Exceeding this range on an 
unselected channel will corrupt the reading of a 
selected channel. 


CHO- 
CH7 


The positive analog voltage reference for the an- 
alog inputs. In order to maintain accuracy the 
voltage range of VREF (VREF = VREF+ 
- 


VREF-) is 2.5 Voc to 5.0 Voc and the voltage at 
VREF+ cannot exceed VCC + 50 mY. In the 
AOC1031 VREF- is always GNO. 


The negative voltage reference for the analog in- 
puts. In order to maintain accuracy the voltage at 
this pin must not go below OGNO and AGNO by 
more than 50 mV or exceed 40% of VCC(for Vcc 
= 5V, VREF- (max) = 2V). In the AOC1031 
VREF- is internally connected to the GNO pin. 
The power supply pin. The operating voltage 
range of VCC is 4.75 Voc to 5.25 Voc. VCC 
should be bypassed with 10 /LF and 0.1 /LF ca- 
pacitors to digital ground for proper operation of 
the AID converter. 


The digital and analog ground pins for the 
AOC1034 and the AOCl 038. In order to maintain 
accuracy the voltage difference between these 
two pins must not exceed 300 mY. 


The 
digital 
and 
analog 
ground 
pin for 
the 


AOC1031. 


OGNO, 
AGNO 


2.0 Functional Description 


2.1 DIGITAL 
INTERFACE 


The ADC1034 and AOC1038 implement their serial inter- 
face via seven digital control lines. There are two clock in- 
puts for the AOCl 034/AOCl 038. The SCLK controls the 
rate at which the serial data exchange occurs and the dura- 
tion of the analog sampling time window. The CcLK controls 
the conversion time and must be continuously enabled. A 
low on CS enables the rising edge of SCLKto shift in the 
~erial multiplexer addressing data on the 01 pin. The first 
three bits of this data select the analog input channel for the 
ADC1038 and the AOC1034 (see the Channel Addressing 
Tables). The following bit, R/L, selects the output data for- 
mat (right-justified or left-justified) for the conversion to be 
started. With CS and OE low the DO pin is active (out of 
TRI-STATE) and the falling edge of SCLKshifts out the data 
from the previous analog conversion. When the first conver- 
sion is started the data shifted out on DO is erroneous as it 
depends on the state of the Parallel Load 16-Bit Shift Regis- 
ter on power up, which is unpredictable. 


The AOC1031 implements its serial interface with only four 
control pins since it has only one analog input and comes in 
an eight pin mini-dip package. The SCLK,CCLK,CS and DO 
pins are available for the serial interface. The output data 
format cannot be selected and defaults to a left-justified 
format. The state of DO is controlled by CS only. 


2.2 OUTPUT 
DATA 
FORMAT 


When R/[ 
is low the output data format is left-justified; 


when high it is right-justified. When right-justified, six leading 
"O"s are output on DO before the MSB, and the complete 
conversion result is shifted out in 16 clock periods. 


2.3.0 CS HIGH DURING 
CONVERSION 
With a continuous SCLKinput, cg must be used to synchro- 
nize the serial data exchange. A valid CS is recognized if it 
occurs at least 100 ns (tSET-UP)before the rising edge of 
SCLK,thus causing data to be input on 01. If this does not 


2.0 Functional Description 
(Continued) 


occur 
there 
will be an uncertainty 
as to which 
SCLK rising 


edge 
will clock 
in the first bit of data. ~ 
must remain 
low 


during 
the 
complete 
1/0 
exchange. 
Also, DE needs 
to be 


low if data 
from 
the 
previous 
conversion 
needs 
to be ac- 
cessed. 


2.3.1 CS LOW CONTINUOUSLY 


Another 
way to accomplish 
synchronous 
serial communica- 


tion is to tie ~ 
low continuously 
and use SARS and SCLK to 


synchronize 
the serial data exchange. 
SCLK can be disabled 


low 
during 
the 
conversion 
time 
and 
enabled 
after 
SARS 


goes low. With ~ 
low during the conversion 
time a zero will 


remain 
on DO until the conversion 
is completed. 
Once 
the 


conversion 
is complete, 
the falling 
edge 
of SARS 
will shift 


out 
on 
DO the 
MSB 
before 
SCLK is enabled. 
This 
MSB 


would 
be a leading 
zero if right-justified 
or 09 if left-justified. 
The rest of the data will be shifted 
out once SCLK is enabled 
as discussed 
previously. 
If ~ 
goes high during the conver- 
sion sequence 
DO is put into TRI-STATE, 
and the conver- 
sion result 
is not affected 
so long as ~ 
remains 
high until 


the end of the conversion. 


2.4 TYING 
SCLK and CCLK TOGETHER 


SCLK and CCLK can be tied together. 
The total 
conversion 


time will increase 
because 
the maximum 
clock 
frequency 
is 


now 
1 MHz. 
The 
timing 
diagrams 
and 
the 
serial 
1/0 
ex- 
change 
time (10 SCLK cycles) 
remain the same, but the con- 
version 
time (TC = 41 CCLK cycles) 
lengthens 
from a mini- 
mum of 14 JJ-sto a minimum 
of 41 JJ-s.In the case where ~ 


is low continuously, 
since 
the applied 
clock 
cannot 
be dis- 
abled, 
SARS 
must be used to synchronize 
the data output 


on DO and 
initiate 
a new conversion. 
The falling 
edge 
of 


SARS 
sends 
the MSB information 
out on DO. The next ris- 


ing edge 
of the clock 
shifts 
in MUX address 
bit A2 on 01. 


The following 
clock 
falling 
edge will clock 
the next data 
bit 


of information 
out on DO. A conversion 
will be started 
after 
MUX 
addressing 
information 
has been 
loaded 
in (3 more 


clocks) 
and 
the 
analog 
sampling 
time 
(4.5 
clocks) 
has 


elapsed. 
The ADC1 031 does not have SARS. Therefore, 
~ 


cannot 
be left low continuously 
on the ADC1031. 


3.0 Analog Considerations 


3.1 THE INPUT SAMPLE 
AND HOLD 


The ADC1 031 1418's samplelhold 
capacitor 
is implemented 


in its capacitive 
ladder 
structure. 
After 
the channel 
address 


is received, 
the ladder is switched 
to sample 
the proper ana- 


log input. 
This 
sampling 
mode 
is maintained 
for 4.5 SCLK 


cycles 
after the multiplexer 
addressing 
information 
is loaded 


in. For the ADC1031 14/8, 
the sampling 
of the analog 
input 


starts 
on SCLK'S 4th rising edge. 


An acquisition 
window 
of 4.5 
SCLK cycles 
is available 
to 


allow 
the 
ladder 
capacitance 
to settle 
to the 
analog 
input 


voltage. 
Any change 
in the 
analog 
voltage 
before 
or after 


the 
acquisition 
window 
will 
not effect 
the 
AID 
conversion 


result. 


In the most simple case, the ladder's 
acquisition 
time is de- 


termined 
by the Ron (9 kO) of the multiplexer 
switches, 
the 


CS1 (3.5 pF) and the total ladder (CLl and stray (CS2) capac- 
itance 
(48 pF). For large source 
resistance 
the analog 
input 


can be modeled 
as an RC network 
as shown 
in Figure 
1. 


The values 
shown yield an acquisition 
time of about 3 JJ-sfor 


10 bit accuracy 
with 
a zero 
to a full 
scale 
change 
in the 


reading. 
External 
source 
resistance 
and 
capacitance 
will 


lengthen 
the acquisition 
time and should 
be accounted 
for. 


The 
curve 
"Signal 
to 
Noise 
Ratio 
vs Output 
Frequency" 


(Figure 2) gives an indication 
of the usable 
bandwidth 
of the 


ADC1031 IADC1 034/ADC1 
038. The signal to noise ratio of 


an ideal AID 
is the ratio of the RMS value 
of the full scale 
input signal 
amplitude 
to the value 
of the total 
error 
ampli- 


tude (including 
noise) caused 
by the transfer 
function 
of the 


AID. 
An ideal 
10 bit AID 
converter 
with a total 
unadjusted 


error of 0 LSB would 
have a signal 
to noise 
ratio of about 


62 dB, which 
can be derived 
from the equation: 


SIN 
= 6.02(N) + 1.8 


where 
SIN 
is in dB and 
N is the number 
of bits. Figure 
2 


shows 
the signal to noise ratio vs. input frequency 
of a typi- 


cal ADC1031/4/8 
with Yo LSB total 
unadjusted 
error. 
The 


dotted 
lines show 
signal-to-noise 
ratios for an ideal 
(noise- 


less) 
10 bit AID 
with 0 LSB error and an AID 
with a 1 LSB 


error. 


The sample-and-hold 
error specifications 
are included 
in the 


error 
and timing 
specifications 
of the AID. 
The 
hold 
step 


and gain error samplelhold 
specs 
are taken 
into account 
in 


the 
ADC1031/4/8's 
total 
unadjusted 
error 
specification, 


while 
the 
hold settling 
time 
is included 
in the AID's 
maxi- 


mum conversion 
time specification. 
The hold droop 
rate can 


be thought 
of as being 
zero 
since 
an unlimited 
amount 
of 


time 
can 
pass 
between 
a conversion 
and 
the 
reading 
of 


data. 
However, 
once the data is read it is lost and another 


conversion 
is started. 


3.2 INPUT FILTERING 


Due to the sampling 
nature 
of the analog 
input, 
transients 


will appear 
on the input pins. They are caused 
by the ladder 


capacitance 
and internal 
stray capacitance 
charging 
current 


flowing 
into VIN. These transients 
will not degrade 
the AID's 


performance 
if they settle 
out within 
the sampling 
window. 


This will occur if external 
source resistance 
is kept to a mini- 


mum. 
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V1N(+) 
CHO-CH7 


AGND 


SV 
VREF+ 


LIol38S-2.S 


V1N(-) 
VREF- 


SV 


LIol38S-2.S 


1 


TLIH/10556-22 


·Current path must still exist from VIN(-) 
to 


ground 


3.3 REFERENCE 
AND INPUT 


The two VREF inputs of the ADC1031/4/8 are fully differen- 
tial and define the zero to full-scale input range of the A to D 
converter. This allows the designer to easily vary the span 
of the analog input since this range will be equivalent to the 
voltage difference between VREF+ 
and VREF-. 
By reduc- 


ing VREF (VREF = VREF+ 
- 
VREF-) 
to less than 5V, the 


sensitivity of the converter can be increased (i.e., if VREF = 
2V then 1 LSB = 1.95 mY). The input/reference arrange- 


ment also facilitates ratiometric operation and in many 
cases the chip power supply can be used for transducer 
power as well as the VREF source. 
This reference flexibility lets the input span not only be var- 
ied but also offset from zero. The voltage at VREF- 
sets the 
input level which produces a digital output of all zeros. 
Though VIN is not itself differential, the reference design 
allows nearly differential-input capability for many measure- 
ment applications. Figure 3 shows some of the configura- 
tions that are possible. 


The ADC1031 has no VREF- 
pin. VREF- 
is internally tied to 


GND. 


5 VOC:t511; 1}J~ 
20k 


ADC1031 
ADC1034 
ADC1038 


Zero-Shift 
and Span-Adjust 
(2V ,;; VIN ,;; 4.5V) 


Vcc (5 Voc :t 511;) 


• 


ADC1 0731/ ADC 10732/ ADC 10734/ ADC 10738 
10-Bit Plus Sign Serial I/O A/D Converters 
with Mux, Sample/Hold 
and Reference 


General Description 
This series of CMOS 10-bit plus sign successive approxima- 
tion AID converters features versatile analog input multi- 
plexers, sample/hold and a 2.5V band-gap reference. The 
1-,2-,4-, 
or 8-channel multiplexers can be software config- 


ured for single-ended or differential mode of operation. 


An input sample/hold is implemented by a capacitive refer- 
ence ladder and sampled-data comparator. This allows the 
analog input to vary during the AID conversion cycle. 


In the differential mode, valid outputs are obtained even 
when the negative inputs are greater than the positive be- 
cause of the 1O-bitplus sign output data format. 


The serial I/O 
is configured to comply with the NSC 


MICROWIRETMserial data exchange standard for easy in- 
terface to the COPSTMand HPCTMfamilies of controllers, 
and can easily interface with standard shift registers and 
microprocessors. 


Applications 
• 
Medical instruments 


• 
Portable and remote instrumentation 


• 
Test equipment 


Features 
• 
OVto 5V analog input range with single 5V power 
supply 
• 
Serial I/O (MICROWIRE compatible) 
• 
1-,2-,4-, 
or 8-channel differential or single-ended 


multiplexer 
• 
Software or hardware power down 
• 
Analog input sample/hold function 
• 
Ratiometric or absolute voltage referencing 
• 
No zero or full scale adjustment required 
• 
No missing codes over temperature 
• 
TTL/CMOS input/output compatible 
• 
Standard DIP and SO packages 


Key Specifications 
• 
Resolution 
• 
Single supply 
• 
Power dissipation 
- 
In powerdown mode 
• 
Conversion time 
• 
Sampling rate 
• 
Band-gap reference 


10 bits plus sign 
5V 


37 mW (Max) 
18,.W 


5,.s 
(Max) 


74 kHz (Max) 


2.5V ± 2% (Max) 


01 
CONTROL 
LOGIC 


CHO 
CHl 
CH2 
CH3 
CH4 
CHS 
CH6 
CH7 
COll 


AV+ 
AGNO 


VREF+ 
OUTPUT 
VREr- 
SHIrT 


VREr°UT 
REGISTER 


OV+ 


DGNO 


TUH/11390-1 


2-342 


AV+ 
16 
OV+ 


CS 
2 
15 
VREfOUT 


(+) 
3 
14 
ClK 


(-) 
4 
13 
SARS 
ADC10731 


N.C. 
5 
12 
DO 


PO 
11 
VREf- 


DGNo 
10 
VREf+ 


N.C. 
AGNo 


TOp View 


See NS Package 
Number 
N16E or M16B 


AV+ 
20 
OV+ 


CHO 
19 
VREfOUT 


CHI 
18 
cs 


N.C. 
4 
17 
01 


N.C. 
5 
16 
ClK 


ADC10732 


N.C. 
6 
15 
SARS 


COW 
7 
14 
DO 


PO 
8 
13 
VREf- 


DGNo 
9 
12 
VREf+ 


N.C. 
10 
11 
AGNo 


TUHI11390-3 


Top View 


See NS Package 
Number 
N20A or M20B 


Connection 
Diagram 
for the SSOP Package 


OV+ 
20 
VREfOUT 


AV+ 
19 
Cs 


CHO 
18 
01 


CHI 
4 
17 
elK 


CH2 
16 
SARS 


AoCl0734 


CH3 
15 
DO 


N.C. 
14 
VREf- 


COW 
13 
VREf+ 


PO 
12 
N.C. 


oGNo 
10 
11 
AGNO 


TUHI11390-34 


see 
NS Package 
Number 
MSA20 


AV+ 


CHO 
2 


CHI 


CH2 


CH3 


N.C. 


COW 


PO 


DGNo 
12 


N.C. 
10 
11 


Top View 


See NS Package 
Number 
N20A or M20B 
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OV+ 


CHO 
2 
VREfOUT 


CHl 
3 
cs 


CH2 
4 
01 


CH3 
5 
ClK 


CH4 
6 
SARS 
ADC10738 
CH5 
7 
DO 


CH6 
8 
VREf- 


CH7 
9 
VREf+ 


COW 
10 
AGNo 


PO 
11 
14 
N.C. 


DGNo 
12 
13 
N.C. 


Top View 


See NS Package 
Number 
N24A or M24B 


Industrial 
Temperature 
Range 
Package 
-40"C';; 
TA';; 
+8SoC 


ADC10731CIN 
N16E 


ADC10731CIWM 
M16B 


ADC10732CIN 
N20A 


ADC10732CIWM 
M20B 


ADC10734CIMSA 
MSA20 


ADC10734CIN 
N20A 


ADC10734CIWM 
M20B 


ADC10738CIN 
N24A 


ADC10738CIWM 
M24B 
• 


Absolute Maximum Ratings 
(Notes 1 & 3) 


If Military/Aerospace 
specified 
devices 
are required, 


please 
contact 
the 
National 
semiconductor 
sales 


Office/Distributors 
for availability 
and specifications. 
Supply Voltage (V+ = AV+ = DV+) 
6.5V 


Total Reference Voltage (VREF+-VREF-) 
6.5V 


Voltage at Inputs and Outputs 
V+ + 0.3V to -0.3V 
Input Current at Any Pin (Note 4) 
30 mA 


Package Input Current (Note 4) 
120 mA 


Package Dissipation at TA = 25'C (Note 5) 
500 mW 


ESD Susceptability (Note 6) 
Human Body Model 
Machine Model 


Soldering Information 


N packages (10 seconds) 
SO Package (Note 7) 
Vapor Phase (60 seconds) 
Infrared (15 seconds) 


Storage Temperature 


2500V 
150V 


Operating Ratings 
(Notes 2 and 3) 


Operating Temperature Range 
TMINS; TA s; TMAX 


ADC10731CIN, ADC10731CIWM, 
ADC10732CIN, ADC10732CIWM, 
ADC10734CIN, ADC10734CIWM. 
ADC10734CIMSA. ADC10738CIN, 
ADC10738CIWM 
-40"C 
s; TA s; +85'C 


SupplyVoltage(V+ 
= AV+ = DV+) 
+ 4.5V to +5.5V 


VREF+ 
AV+ +50mVto 
-50mV 


VREF- 
AV+ + 50 mV to -50 
mV 


VREF(VREF+-VREF-) 
+0.5VtoV+ 


215'C 
220'C 
- 40'C to + 150'C 


Electrical Characteristics 
. 


The following specifications apply for V+ 
=(AV+ 
= DV+ = + 5.0 VOC,VREF+ = 2.5 VOC.VREF- = GND, VIN- = 2.5V for 
Signed Characteristics, VIN- = GND for Unsigned Characteristics and fCLK= 2.5 MHz unless otherwise specified. Boldfac. 
Umlts apply 
for Ta 
= T" = TIlIN to TIIU; all other limits TA = TJ = +25·C. (Notes 8,9 and 10) 


Units 
(Limits) 


Resolution with No Missing Codes 
10 + Sign 
Bits 


TUE 
Total Unadjusted Error (Note 13) 
1..., 
±2.0 
LSB(max) 


INL 
Positive and Negative Integral 
±1.25 
LSB(max) 
Linearity Error 


Positive and Negative 
±1.5 
LSB(max) 


, 
Full-Scale Error 
.. 


Offset Error 
±1.5 
LSB(max) 


Power Supply Sensitivity 
" 
Offset Error 
V+ = +5.0V ±10% 
±0.2 
±1.0 
LSB(max) 
+ Full-Scale Error 
±0.2 
±1.0 
LSB(max) 
- Full-Scale Error 
±0.1 
±0.75 
LSB(max) 


DC Common Mode Error (Note 14) 
VIN+ = VIN- = VINwhere 
±0.1 
±0.33 
LSB(max) 


5.0V ;;, VIN ;;, OV 


Multiplexer Channel to 
±0.1 
LSB 


Channel Matching 
.• 
1 


Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for V+ = AV+ 
= DV+ 
= +5.0 
VDC, VREF+ = 2.5 VDC, VREF- 
= GND, VIN- 
= 2.5V for 
Signed 
Characteristics, 
VIN- 
= GND for Unsigned 
Characteristics 
and fCLK = 2.5 MHz unless otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = T•• = TMIN to 
TMAX; 
all other 
limits TA = TJ = 
+ 25°C. (Notes 
8,9 
and 10) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
11) 
(Note 
12) 
(Limits) 


UNSIGNED 
STATIC 
CONVERTER 
CHARACTERISTICS 


Resolution 
with No Missing Codes 
10 
Bits 


TUE 
Total Unadjusted 
Error (Note 13) 
VREF+ = 4.096V 
±0.75 
LSB 


INL 
Integral 
Linearity 
Error 
VREF+ = 4.096V 
±0.50 
LSB 


Full-Scale 
Error 
VREF+ = 4.096V 
±1.25 
LSB(max) 


Offset 
Error 
VREF+' = 4.096V 
± 1.25 
LSB(max) 


Power Supply Sensitivity 


Offset 
Error 
V+ = +5.0V 
±100/0 
±0.1 
LSB 


Full-Scale 
Error 
VREF+ = 4.096V 
±0.1 
LSB 


DC Common 
Mode Error (Note 14) 
VIN+ = VIN- 
= VIN 
±0.1 
LSB 
where 
+ 5.0V 
:2: VIN :2: OV 


Multiplexer 
Channel 
to Channel 
Matching 
VREF+ = 4.096V 
±0.1 
LSB 


DYNAMIC 
SIGNED 
CONVERTER 
CHARACTERISTICS 


S/(N+D) 
Signal-to-Noise 
Plus Distortion 
Ratio 
VIN = 4.85 Vpp, 
67 
dB 
and fiN = 1 kHz to 15 kHz 


ENOB 
Effective 
Number 
of Bits 
VIN = 4.85 Vpp, 


and fiN = 1 kHz to 15-kHz 
10.8 
Bits 


THD 
Total Harmonic 
Distortion 
VIN = 4.85 Vpp, 


and fiN = 1 kHz to 15 kHz 
-78 
dB 


IMD 
Intermodulation 
Distortion 
VIN = 4.85 Vpp, 


and fiN = 1 kHz to 15 kHz 
-85 
dB 


Full-Power 
Bandwidth 
VIN = 4.85 Vpp, where 
380 
kHz 
S/(N 
+ 
D) Decreases 
3 dB 


MUltiplexer 
Channel 
to Channel 
Crosstalk 
fiN = 15 kHz 
-80 
dB 


, 
!II 


CD 
CO) 


"'"o.•.. 
(.)c 
c( 
....• 
"'II' 
CO) 


"'"o.•.. 
(.) 
DYNAMIC 
UNSIGNED 
CONVERTER 
CHARACTERISTIC 
C 
c( 
....• 
N 
CO) 


"'"o.•.. 


~....• 
.•.. 
CO)S 
.•.. 
(.) 
C 
c( 


Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for V+ 
= AV+ 
= DV+ 
= + 5.0 VOC, VREF+ 
= 2.5 Voc, VREF- 
= GND, VIN- 
= 2.5V for 
Signed 
Characteristics, 
VIN- 
= GND for Unsigned 
Characteristics 
and fCLK = 2.5 MHz unless 
otherwise 
specified. 
Boldfac. 
limit. 
apply 
for 
TA = TJ = TIlIN 
to 
TIIAX; 
all other 
limits TA = TJ = + 25°C. (Notes 
8, 9 and 10) (Continued) 


Limits 


(Note 
12) 


Units 


(Limits) 


-=- 


S/(N+D) 
Signal-to-Noise 
Plus Distortion 
Ratio 
VREF+ 
= 4.096V, 


VIN = 4.0 Vpp, and 
60 
dB 


fiN = 1 kHz to 15 kHz 


Effective 
Bits 
VREF+ 
= 4.096V, 


VIN = 4.0 Vpp, and 
9.8 
Bits 


fiN = 1 kHzto 
15 kHz 


THO 
Total Harmonic 
Distortion 
VREF+ 
= 4.096V, 


VIN = 4.0 Vpp, and 
-70 
dB 


fiN = 1 kHz to 15 kHz 
" 


IMD 
Intermodulation 
Distortion 
VREF+ = 4.096V, 


VIN = 4.0 Vpp, and 
-73 
dB 


fiN = 1 kHz to 15 kHz 


Full-Power 
Bandwidth 
VIN = 4.0 Vpp, 


VREF+ 
= 4.096V, 
380 
kHz 


where SI (N + D) decreases 
3 dB 


Multiplexer 
Channel 
to Channel 
Crosstalk 
fiN = 15 kHz, 
-80 
dB 


VREF+ 
= 4.096V 


Reference 
Input Resistance 
7 
kO 


5.0 
kO(min) 


9.5 
kO(max) 


CREF 
Reference 
Input Capacitance 
70 
pF 


MUX Input Voltage 
-50 
mV(min) 


AY+ 
+50mY 
(max) 


CIM 
MUX Input Capacitance 
47 
pF 


Off Channel 
Leakage 
Current 
(Note 15) 
On Channel 
= 5V and 
-0.4 
-3.0 


Off Channel 
= OV 


,...A(max) 


On Channel 
= OV and 
0.4 
3.0 
,...A(max) 


Off Channel 
= 5V 


On Channel 
Leakage 
Current 
(Note 15) 
On Channel 
= 5V and 
0.4 
3.0 
,...A(max) 


Off Channel 
= OV 


On Channel 
= OV and 
-0.4 
-3.0 


Off Channel 
= 5V 


,...A(max) 


- 
- 


Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for V+ 
= AV+ 
= 
DV+ 
= 
+ 5.0 Voc, VREF+ 
= 2.5 Voc, VREF- 
= 
GND, VIN- 
= 
2.5V for 
Signed 
Characteristics, 
VIN - 
= GND for Unsigned 
Characteristics 
and fCLK = 
2.5 MHz unless otherwise 
specified. Boldt.c. 


limits 
8pplytor TA = T" = TIlIN to TIIU; 
all other 
limits TA = 
TJ = 
+ 25'C. 
(Notes 8, 9 and 10) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
11) 
(Note 
12) 
(Limits) 


REFERENCE 
CHARACTERISTICS 


VREr=Out 
Reference 
Output Voltage 
I 
2.5V ±0.50/0 
2.5Y 
±2% 
V(max) 


aVREF/aT 
VREr=Out Temperature 
Coefficient 
±40 
ppm/'C 


aVREF/alL 
Load Regulation, 
Sourcing 
o mA ,;; IL ,;; +4 
mA 
±0.003 
±0.05 
%/mA(max) 


aVREF/alL 
Load Regulation, 
Sinking 
o mA ,;; IL ,;; -1 
mA 
±0.2 
±O •• 
%/mA(max) 


Line Regulation 
5V ±100/0 
±0.3 
±2.5 
mV(max) 


Isc 
Short Circuit Current 
VREr=Out = OV 
13 
22 
mA(max) 


Noise Voltage 
10 Hz to 10 kHz, CL = 
100 JLF 
5 
JLV 


aVREF/at 
Long-term 
Stability 
±120 
ppm/kHr 


tsu 
Start-Up 
Time 
CL = 
100 JLF 
100 
ms 


DIGITAL 
AND DC CHARACTERISTICS 


VIN(1) 
Logical 
"1" 
Input Voltage 
V+ 
= 5.5V 
2.0 
V(min) 


VIN(O) 
Logical 
"0" 
Input Voltage 
V+ 
= 4.5V 
r. 
0.8 
V(max) 


IIN(1) 
Logical 
"1" 
Input Current 
VIN = 5.0V 
0.005 
+2.5 
JLA(max) 


IIN(O) 
Logical 
"0" 
Input Current 
VIN = OV 
-0.005 
-2.5 
JLA(max) 


VOUT(1) 
Logical 
"1" 
Output Voltage 
V+ 
= 4.5V,IOUT 
= 
-360 
JLA 
2.4 
V(min) 


V+ 
= 4.5V, lOUT = 
-10 
JLA 
4.5 
V(min) 


VOUT(O) 
Logical 
"0" 
Output Voltage 
V+ 
= 4.5V, lOUT = 
1.6 mA 
0.4 
V(min) 


lOUT 
TRI-STATE 
Output Current 
VOUT = OV 
-0.1 
-3.0 
JLA(max) 


VOUT = 5V 
+0.1 
+3.0 
JLA(max) 


+Isc 
Output Short Circuit Source 
VOUT = OV, V+ 
= 4.5V 
-30 
-US 
mA(min) 
Current 


-Isc 
Output Short Circuit Sink Current 
VOUT= 
V+ 
= 4.5V 
30 
15 
mA(min) 


10+ 
Digital Supply Current 
C'S = HIGH, Power Up 
0.9 
1.3 
mA(max) 


(Note 17) 
C'S = HIGH, Power Down 
0.2 
0.4 
mA(max) 
C'S = 
HIGH, Power Down, 
0.5 
50 
JLA(max) 


andCLK 
Off 


IA+ 
Analog 
Supply Current 
C'S = 
HIGH, Power Up 
2.7 
•• 0 
mA(max) 


(Note 17) 
C'S = 
HIGH, Power Down 
3 
15 
JLA(max) 


IREF 
Reference 
Input Current 
VREF+ 
= 
+2.5Vand 
0 •• 
mA(max) 
C'S = 
HIGH, Power Up 


Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for V+ 
= AV+ 
= DV+ 
= + 5.0 VDC. VREF+ 
= 2.5 VDC. VREF- 
= GND, VIN- 
= 2.5V for 
Signed 
Characteristics. 
VIN- 
= GND for Unsigned 
Characteristics 
and fCLK = 2.5 MHz unless otherwise 
specified. 
Boldface 


limits 
apply 
for 
TA = TJ = TIlIN 
to 
TIIAX; 
all other 
limits TA = TJ = 
+25°C. 
(Note 
16) 


Symbol 
Parameter 
Conditions 
Typical 
limits 
Units 


(Note 
11) 
(Note 
12) 
(Limits) 


AC CHARACTERISTICS 


fCLK 
Clock Frequency 
3.0 
2.5 
MHz(max) 


5 
kHz(min) 


Clock Duty Cycle 
40 
%(min) 


60 
% (max) 


tc 
Conversion 
Time 
- 
12 
12 
Clock 


Cycles 


5 
5 
!,-s(max) 


tA 
Acquisition 
Time 
.~ 
4.5 
4.5 
Clock 


Cycles 


2 
2 
!,-s(max) 


tscs 
CS Set-Up Time, Set-Up Time from Falling Edge of 
14 
30 
ns(min) 


CS to Rising Edge of Clock 
(1 \eLK 
(1 teLK 
(max) 


- 
14ns) 
-30ns) 


tSDI 
01 Set-Up Time. Set-Up Time from Data Valid on 
16 
25 
ns(min) 
01 to Rising Edge of Clock 


tHDI 
01 Hold Time. Hold Time of 01 Data from Rising 
2 
25 
ns(min) 
Edge of Clock to Data not Valid on 01 


tAT 
DO Access 
Time from Rising Edge of ClK 
When 
30 
50 
ns(min) 
CS is "low" 
during a Conversion 


tAC 
DO or SARS Access 
Time from CS. Delay from 
." 


Falling Edge of CS to Data Valid on DO or SARS 
30 
70 
ns(max) 


tDSARS 
Delay from Rising Edge of Clock to Falling Edge of 
100 
200 
ns(max) 
SARS when CS is "low" 


tHDO 
DO Hold Time. Hold Time of Data on DO after 
20 
35 
ns(max) 
Falling Edge of Clock 


tAD 
DO Access 
Time from Clock. Delay from Falling 
40 
80 
ns(max) 
Edge of Clock to Valid Data of DO 


t1H.IoH 
Delay from Rising Edge of CS to DO or SARS 
40 
50 
ns(max) 
TRI-STATE 


toes 
Delay from Falling Edge of Clock to Falling Edge of 
20 
30 
ns(min) 
CS 


tCS(H) 
CS "HIGH" 
Time for AID 
Reset after Reading 
of 
1 clk 
1 ClK 
cycle(min) 
Conversion 
Result 


\eS(L) 
ADC10731 
Minimum CS "low" 
Time to Start a 
1 ClK 
1 ClK 
Conversion 
cycle(min) 


tsc 
Time from End of Conversion 
to CS Going "low" 
5ClK 
5ClK 
cycle(min) 


tpD 
Delay from Power-Down 
command 
to 10% of 
1 
Operating 
Current 
!'-S 


tpc 
Delay from Power-Up 
Command 
to Ready to Start 
10 
!'-S 


a New Conversion 


CIN 
Capacitance 
of logic 
Inputs 
7 
pF 


COUT 
Capacitance 
of logic 
Outputs 
12 
pF 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating Ratings indicate conditions for which the device is functional, 
but do not guarantee specific performance 
limits. For guaranteed 
specifcations 
and 
test conditions. 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may 
degrade when the device is not operated 
under the listed test conditions. 


Note 3: All voltages are measured with respect to GND, unless otherwise 
specified. 


Not. 
4: When the input voltage (V,N! at any pin exceeds the power supplies (V'N < GND or V,N > AV+ or DV+), the current at that pin should be limited to 30 mA, 


The 120 mA maximum package 
input current rating limits the number of pins that can safely exceed the power supplies with an input current of 30 mA to four. 


Note 5: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJmax, 8JA and the ambient temperature, 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is Po = (TJmax - 
TAl/8JA 
or the number given In the Absolute 
Maximum 
Ratings, whichever 
is lower. For this 
device, TJmox ~ 
15O"C. The typical thermal resistance 
(8JAl of these Paris when board mounted can be found in the following 
table: 


Part Number 
Thermal 
Resistance 
Package 
Type 


ADC10731CIN 
8ZOCfW 
N16E 


ADC10731CIWM 
90·ClW 
M16B 


ADC10732CIN 
4rCfW 
N20A 


ADC10732CIWM 
8rrCfW 
M20B 


ADC10734CIMSA 
134·CfW 
MSA20 


ADC10734CIN 
4rCfW 
N20A 


ADC10734CIWM 
8rrClW 
M20B 


ADC10738CIN 
er:rCfW 
N24A 


ADC10738CIWM 
75·CfW 
M24B 


Note 8: The human body model is a 100 pF capacitor 
discharged 
through a 1.5 kO resistor into each pin. The machine model is a 200 pF capacitor 
discharged 
directly into each pin. 


Note 7: See AN-450 "Surface 
Mounting Methods 
and Their Effect on Product Reliability" 
or the section titied "Surtace 
Mount" 
found in any post 1986 National 
Semiconductor 
Unear Data Book for other methods of soldering surtace mount devices. 


Note I: Two on-ohip dk>des are tied to each analog input as shown below. They will forward-conduct 
for analog input voltages one diode drop below ground or one 


diode drop greater than V+ 
suppty. Be careful during testing at low V+ 
levels (+4.5V), 
as high level analog inputs (+5V) 
can cause an input diode to conduct, 


especially at elevated temperatures, 
which will cause errors In the conversion 
result. The specification 
allows 50 mV forward bias of either diode; this means that as 
long as the analog V,N does not exceed the suppty voltage by more than 50 mV, the output code will be oorrect. Exceeding this range on an unselected 
channel will 
corrupt the reading of a selected 
channel. If AV+ 
and DV+ 
are minimum (4.5 Voc) and full scale must be ,;; +4.55 
Voc. 


AV+ 


Note 9: No connection 
exists between AV + and DV + on the chip. 


To guarantee 
accuracy, 
it is required that the AV+ 
and DV+ 
be connected 
together to a power supply with separate 
bypass filter at eacn V+ 
pin. 


Note 
10: One LSB is referenced 
to 10 bits of resolution. 


Note 11: Typicals are at TJ = TA = 25°C and represent 
most likely pararmetric 
norm. 


Note 
12: Tested limits are guaranteed 
to National's 
AOOL (Average Outgoing Quality Level). 


Note 13: Total unadjusted 
error includes offset, full-scale, 
linearity, multiplexer, 
and hold step errors. 


Note 14: The DC common~mode 
error is measured in the differential 
mUltiplexer mode with the assigned positive and negative input channels shorted together. 


Note 15: Channel leakage current is measured after the channel selection. 


Not. 
18: All the timing specifications 
are tested at the TTL logic levels, V'L ~ 0.8V for a falling edge and V,H ~ 2.0V for a rising. TRI-STATE voltage level is forced 
to 1.4V. 


Note 17: The voltage applied to the digital inputs will affect the current drain dUring power down. These devices are tested with CMOS logic levels (logic Low = OV 
and logic High - 
5V). TTL levels increase the current, during power down, to about 300 ~A. 


100,0000,0001 
(-1023) 
100,0000,0000 
(-1024) 


ANALOG 
INPUT 
VOLTAGE 
(V1N = V1N(+) 
- 
vIN(-ll 


VREr = VREr( +) 
- 
VREr( -) 


"' 


+3 LSB 
~ 


""0 


""e:i 
+2LSB 


LINEARITY 


ERROR 
+1 LSB 
NEGATIVE 


FULL-SCALE 


/ 
ERROR 
- - -,- - - - - - - - 


-3 
LSB 


OUTPUT 
CODE 
(from 
-1024 
to 
+ 1023) 


Leakage Current Test Circuit 


+5V 


I 
IOFF 
•..' 
0- 
CHO 
I, 
ADC10738 
I 
, 
- 
CHI 
I 
I 
~ 
CH2 
I 
~ 
CH3 
I 
~ 
CH. 
I 
~ 
CH5 


CHANNEL 
~ 
CH6 
VOLTAGE 


SELECT 
•.... 
CH7 


TL/HI11390-9 


Typical Performance 
Characteristics 


Analog 
Supply Current 
(IA +) 
Analog 
Supply Current 
(IA +) 
Digital Supply Current 
(10+) 


va Temperature 
vs Clock Frequency 
vs Temperature 


5 
5 
2 


•.V+ 
•• 
+SV 
Av+ = +5V 
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DigItal Supply 
Current 
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Error 
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Error 
vs Clock Frequency 
vs Reference 
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vs Temperature 
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Typical Performance 
Characteristics 
(Continued) 


Linearity 
Error 
Linearity 
Error 
Linearity 
Error 


vs Clock Frequency 
vs Reference 
Voltage 
vs Temperature 
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10-Blt Unsigned 
Signal-to-Noise 
+ THO Ratio 
Spectral 
Response 
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Power 
Bandwidth 
Response 
vs Input Signal Level 
34 kHz Sine Wave 
with 380 kHz Sine Wave 
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TL/H/11390-23 
Typical Reference 
Performance 
Characteristics 
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Note: If CS is low during power up of the power supply voltages (AV + end DV +) then CS needs to go high for tcS(H). The deta output after the first conversion 
is 


invalid. 


elK 


cs 
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FIGURE 8. ADC10732, ADC10734 and ADC 10738 CS Low during Conversion 


Note: If CS is low dUring power up of the power supply voltages (AV + and DV +) then CS needs to go high for Ics<H). The data output after the first conversion 
is not valid. 


TRI-STATE 
r- 


FIGURE 
9. ADC10731 
Using CS to Delay Output 
of Data afer a Conversion 
has Completed 


Note: If CS is low during power up of the power supply voltages (AV+ 
end DV+) 
theh CS needs to go high for Ics(H). 
The data output after the first conversion 
is not valid. 
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TRI-STATE 
()l 
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FIGURE 10. ADC10732, ADC10734 and ADC10738 Using CS to Delay Output of Data after a Conversion has Completed 


Note: If ell is low during power up of the power supply voltages (AV+ 
and DV+) 
then ell needs to go high for IcSIHI' The data output after the first conversion 
is not valid. 


TABLE 
I. ADC10738 
Multiplexer 
Address 
Assignment 


MUXAddress 
Channel 
Number 


MAO 
MAl 
MA2 
MA3 
MA4 
MUX 


SINGI 
0001 
CHO 
CHl 
CH2 
CH3 
CH4 
CH5 
CH6 
CH7 
COM 
MODE 
PU 
DIFF 
SIGN 
SELl 
SELO 


1 
1 
0 
0 
0 
+ 
- 


1 
1 
0 
0 
1 
+ 
- 


1 
1 
0 
1 
0 
+ 
- 


1 
1 
0 
1 
1 
+ 
- 


1 
1 
1 
0 
0 
+ 


~. - 
Single-Ended 


1 
1 
1 
0 
1 
+ 


'. 
- 


1 
1 
1 
1 
0 
+ 
- 


1 
1 
1 
1 
1 
+ 
- 


1 
0 
0 
0 
0 
+ 
- 


1 
0 
0 
0 
1 
+ 
- 


1 
0 
0 
1 
0 
+ 
- 


Ole 


1 
0 
0 
1 
1 
+ 
- 


1 
0 
1 
0 
0 
+ 
Differential 
- 


1 
0 
1 
0 
1 
- 
+ 
~ 


1 
0 
1 
1 
0 
- 
+ 
.:;. 


1 
0 
1 
1 
1 
- 
+ 


0 
X 
X 
X 
X 
Power Down (All Channels 
Disconnected) 


r 


TABLE 
II. ADC10734 
Multiplexer 
Address 
Assignment 


MUXAddress 
Channel 
Number 


MAO 
MAl 
MA2 
MA3 
MA4 
MUX 


SINGI 
0001 
CHO 
CHl 
CH2 
CH3 
COM 
MODE 
PU 
DIFF 
SIGN 
SELl 
SELO 


1 
1 
0 
0 
0 
+ 
- 


1 
1 
0 
0 
1 
+ 
- 


1 
1 
1 
0 
0 
+ 
- 
Single-Ended 


1 
1 
1 
0 
1 
+ 
- 


1 
0 
0 
0 
0 
+ 
- 
1 
0 
0 
0 
1 
+ 
- 


1 
0 
1 
0 
0 
- 
+ 
Differential 


1 
0 
1 
0 
1 
- 
+ 


0 
X 
X 
X 
X 
Power Down (All Channels 
Disconnected) 


TABLE 
III. ADC10732 
Multiplexer 
Address 
Assignment 


MUXAddress 
Channel 
Number 


MAO 
MAl 
MA2 
MA3 
MA4 
MUX 


SINGI 
0001 
CHO 
CHl 
COM 
MODE 


PU 


DIFF 
SIGN 
SELl 
SELO 


1 
1 
0 
0 
0 
+ 
- 


1 
1 
1 
0 
0 
+ 
- 
Single-Ended 


1 
0 
0 
0 
0 
+ 
- 


1 
0 
1 
0 
0 
- 
+ 
Differential 


0 
X 
X 
X 
X 
Power Down (All Channels 
Disconnected) 


• 
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~ •.•• 
loads the information on the 01 pin into the mul- 
tiplexer address shift register. This address con- 
trols which channel of the analog input multi- 
plexer (MUX) is selected. The falling edge shifts 
the data resulting from the AID conversion out 
on DO. ~ 
enables or disables the above func- 
tions. The clock frequency applied to this input 
can be between 5 kHz and 3 MHz. 


This is the serial data input pin. The data applied 
to this pin is shifted by ClK into the multiplexer 
address register. Tables I through III show the 
multiplexer address assignment. 


The data output pin. The AID conversion result 
(OBO-SIGN)are clocked out by the failing edge 
of ClK on this pin. 


This is the chip select input pin. When a logic 
low is applied to this pin, the rising edge of ClK 
shifts the data on 01 into the address register. 
This low also brings DO out of TRI-STATE after 
a conversion has been completed. 


This is the power down input pin. When a logic 
high is applied to this pin the AID is powered 
down. When a low is applied the AID is pow- 
ered up. 


This is the successive approximation register 
status output pin. When CS is high this pin is in 
TRI-STATE. With ~ 
low this pin is active high 
when a conversion is in progress and active low 
at all other times. 


AV+, 
OV+ 


OGNO 


AGNO 


Tables I-III). 


The voltage applied to these inputs should not 
exceed AV+ or go below GNO by more than 
50 mY. Exceeding this range on an unselected 
channel will corrupt the reading of a selected 
channel. 


This pin is another analog input pin. It can be 
used as a "pseudo ground" when the analog 
multiplexer is single-ended. 
This is the positive analog voltage reference in- 
put. In order to maintain accuracy, the voltage 
range 
VREF (VREF = 
VREF+-VREF-) 
is 
0.5 Voc to 5.0 Voc and the voltage at VREF+ 
cannot exceed AV+ 
+50 mY. 


The negative voltage reference input. In order to 
maintain accuracy, the voltage at this pin must 
not go below GNO - 
50 mV or exceed AV+ 


+ 50 mY. 


These are the analog and digital power supply 
pins. These pins should be tied to the same 
power supply and bypassed separately. The op- 
erating voltage range of AV+ 
and OV+ 
is 
4.5 Voc to 5.5 Voc. 
This is the digital ground pin. 


This is the analog ground pin. 


Applications 
Hints 


The ADC10731/2/4/8 
use successive approximation to 


digitize an analog input voltage. The DAC portion of the AID 
converters uses a capacitive array and a resistive ladder 
structure. The structure of the DAC allows a very simple 
switching scheme to provide a versatile analog input multi- 
plexer. This structure also provides a sample/hold. The 
ADC10731/2/4/8 
have a 2.5V CMOS bandgap reference. 
The 
serial digital 
I/O 
interfaces 
to 
MICROWIRE and 


MICROWIRE+. 


1.0 DIGITAL INTERFACE 
There are two modes of operation. The fastest throughput 
rate is obtained when CS is kept low during a conversion. 
The timing diagrams in Figures 
7 and 8 show the operation 


of the devices in this mode. CS must be taken high for at 
least teS(H)(1 CLK) between conversions. This is necessary 
to reset the internal logic. Figures 9 and 10 show the opera- 
tion of the devices when CS is taken high while the 
ADC10731/2/4/8 
is converting. CS may be taken high dur- 


ing the conversion and kept high indefinitely to delay the 
output data. This mode simplifies the interface to other de- 
vices while the ADC10731/2/4/8 
is busy converting. 


1.1 Getting Started with a Conversion 
The ADC10731/2/4/8 
need to be initialized after the power 


supply voltage is applied. If CS is low when the supply volt- 
age is applied then CS needs to be taken high for at least 
tCS(H)(1 clock period). The data output after the first con- 
version is not valid. 


1.2 Software and Hardware Power Up/Down 
These devices have the capability of software or hardware 
power down. Figures 
5 and 6 show the timing diagrams for 


hardware and software power up/down. In the case of hard- 
ware power down note that CS needs to be high for tpc 
after PD is taken low. When PD is high the device is pow- 
ered down. The total quiescent current, when powered 
down, is typically 200 JJ-Awith the clock at 2.5 MHz and 
3 JJ-Awith the clock off. The actual voltage level applied to a 
digital input will effect 
the power consumption of the 


device during power down. CMOS logic levels will give the 
least amount of current drain (3 JJ-A).TIL logic levels will 
increase the total current drain to 200 JJ-A. 


These devices have resistive reference ladders which draw 
600 JJ-Awith a 2.5V reference voltage. The internal band 
gap reference voltage shuts down when power down is acti- 
vated. If an external reference voltage is used, it will have to 
be shut down to minimize the total current drain of the de- 
vice. 


2.0 ARCHITECTURE 
Before a conversion is started, during the analog input sam- 
pling period, (tAl, the sampled data comparator is zeroed. 
As the comparator is being zeroed the channel assigned to 
be the positive input is connected to the AID's input capaci- 
tor. (The assignment procedure is explained in the Pin De- 
scriptions section.) This charges the input 32C capacitor of 
the DAC to the positive analog input voltage. The switches 
shown in the DAC portion of Figure 
11 are set for this zero- 


ing/acqUisition period. The voltage at the input and output 
of the comparator are at equilibrium at this time. When the 
conversion is started, the comparator feedback switches 
are opened and the 32C input capacitor is then switched to 
the assigned negative input voltage. When the comparator 
feedback switch opens, a fixed amount of charge is trapped 
on the common plates of the capacitors. The voltage at the 
input of the comparator moves away from equilibrium when 
the 32C capacitor is switched to the assigned negative input 
voltage, causing the output of the comparator to go high 
("1") or low ("0"). The SAR next goes through an algorithm, 
controlled by the output state of the comparator, that redis- 
tributes the charge on the capacitor array by switching the 
voltage on one side of the capacitors in the array. The ob- 
jective of the SAR algorithm is to return the voltage at the 
input of the comparator as close as possible to equilibrium. 
The switch position information at the completion of the 
successive approximation routine is a direct representation 
of the digital output. This data is then available to be shifted 
on the DO pin. 
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Applications 
Hints (Continued) 


3.0 APPLICATIONS 
INFORMATION 


3.1 Multiplexer 
Configuration 


The design of these converters utilizes a sampled-data 
comparator structure, which allows a differential analog in- 
put to be converted by the successive approximation rou- 
tine. 


The actual voltage converted is always the difference be- 
tween an assigned" +" input terminal and a "-" 
input ter- 


minal. The polarity of each input terminal or pair of input 
terminals being converted indicates which line the converter 
expects to be the most positive. 


A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels. The input channels can be 
software configured into three modes: differential, single- 
ended, or pseudo-differential. Figure 
12 illustrates the three 
modes using the 4-channel MUX of the ADC10734. The 
eight inputs of the ADCl 0738 can also be configured in any 
of the three modes. The single-ended mode has CHO-CH3 
assigned as the positive input with COM serving as the neg- 
ative input. In the differential mode, the ADCl 0734 channel 
inputs are grouped in pairs, CHO with CHl and CH2 with 
CH3. The polarity assignment of each channel in the pair is 
interchangeable. Finally, in the pseudo-differential mode 
CHO-CH3 are positive inputs referred to COM which is now 
a pseudo-ground. This pseudo-ground input can be set to 
any potential within the input common-mode range of the 
converter. The analog signal conditioning required in trans- 
ducer-based data acquisition systems is significantly simpli- 
fied with this type of input flexibility. One converter package 
can now handle ground-referred inputs and true differential 
inputs as well as signals referred to a specific voltage. 
The analog input voltages for each channel can range from 
50 mV below GND to 50 mV above V+ = DV+ = AV+ 
without degrading conversion accuracy. If the voltage on an 
unselected channel exceeds these limits it may corrupt the 
reading of the selected channel. 


3.2 Reference 
Considerations 


The voltage difference between the VREF+ and VREF- in- 
puts defines the analog input voltage span (the difference 
between VIN(Max) and VIN(Min)) over which 1023 positive 
and 1024 negative possible output codes apply. 


The value of the voltage on the VREF+ or VREF- inputs 
can be anywhere between AV+ + 50 mV and -50 
mV, so 


long 
as 
VREF+ 
is 
greater 
than 
VREF-. 
The 


ADCl 0731/2/4/8 
can be used in either ratiometric applica- 


tions or in systems requiring absolute accuracy. The refer- 
ence pins must be connected to a voltage source capable 
of driving the minimum reference input resistance of 5 kO. 
The 
internal 
2.5V 
bandgap 
reference 
in 
the 


ADC10731/2/4/8 
is available as an output on the VREFOut 


pin. To ensure optimum performance this output needs to 
be bypassed to ground with 100 ",F aluminum electrolytic or 
tantalum capacitor. The reference output can be unstable 
with capacitive loads greater than 100 pF and less than 
100 ",F. Any capacitive loading less than 100 pF and 
greater than 
100 ",F will not cause oscillation. Lower 


output noise can be obtained by increasing the output ca- 
pacitance. A 100 ",F capacitor will yield a typical noise floor 
of 200 nV/ JHZ. The pseUdo-differential and differential mul- 
tiplexer modes allow for more flexibility in the analog input 
voltage range since the "zero" reference voltage is set by 
the actual voltage applied to the assigned negative input 
pin. 
In a ratiometric system (Figure 
13a), the analog input volt- 


age is proportional to the voltage used for the AID refer- 
ence. This voltage may also be the system power supply, so 
VREF+ can also be tied to AV+. This technique relaxes the 
stability requirements of the system reference as the analog 
input and AID 
reference move together maintaining the 


same output code for a given input condition. 


For absolute accuracy (Figure 
13b), where the analog input 


varies between very specific voltage limits, the reference pin 
can be biased with a time- and temperature-stable voltage 
source that has excellent initial accuracy. The LM4040, 
LM4041 and LM185 references are suitable for use with the 
ADCl 0731/2/4/8. 


The minimum value of VREF(VREF= VREF+-VREF-) can 
be quite small (see Typical Performance Characteristics) to 
allow direct conversion of transducer outputs providing less 
than a 5V output span. Particular care must be taken with 
regard to noise pickup, circuit layout and system error volt- 
age sources when operating with a reduced span due to the 
increased sensitivity of the converter (1 LSB equals VREF/ 
1024). 


3.3 The Analog 
Inputs 
Due to the sampling nature of the analog inputs, at the clock 
edges short duration spikes of current will be seen on the 
selected assigned negative input. Input bypass capacitors 
should not be used if the source resistance is greater than 
1 kO since they will average the AC current and cause an 
effective DC current to flow through the analog input source 
resistance. An op amp RC active lowpass filter can provide 
both impedance buffering and noise filtering should a high 
impedance signal source be required. Bypass capacitors 
may be used when the source impedance is very low with- 
out any degradation in performance. 


In a true differential input stage, a signal that is common to 
both 
" +" 
and 
••-" 
inputs 
is 
canceled. 
For 
the 


ADC10731/2/4/8, 
the positive input of a selected channel 


pair is only sampled once before the start of a conversion 
during the acquisition time (tAl. The negative input needs to 
be stable during the complete conversion sequence be- 
cause it is sampled before each decision in the SAR se- 
quence. Therefore, any AC common-mode signal present 
on the analog inputs will not be completely canceled and 
will cause some conversion errors. For a sinusoid common- 
mode signal this error is: 


VERROR(max)= VPEAK(2 7r fCM)(te) 
where fCM is the frequency of the common-mode signal, 
VPEAKis its peak voltage value, and te is the AID's conver- 
sion time (te = 12/fCLI(). For example, for a 60 Hz com- 
mon-mode signal to generate a '14 LSB error (0.61 mY) with 
a 4.8 "'S conversion time, its peak value would have to be 
approximately 337 mY. 


• 
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Applications 
Hints (Continued) 


3.4 Optional Adjustments 


3.4.1 Zero Error 


The zero error of the AID converter relates to the location 
of the first riser of the transfer function (see Figure 
1) and 


can be measured by grounding the minus input and applying 
a small magnitude voltage to the plus input. Zero error is the 
difference between actual DC input voltage which is neces- 
sary to just cause an output digital code transition from 
000 0000 0000 to 000 0000 0001 and the ideal '12 LSB 
value ('12LSB = 1.22 mV for VREF = + 2.500V). 
The zero error of the AID does not require adjustment. If 
the minimum analog input voltage value, VIN(Min), is not 
ground, the effective "zero" voltage can be adjusted to a 
convenient value. The converter can be made to output an 
all zeros digital code for this minimum input voltage by bias- 
ing any minus input to VIN(Min).This is useful for either the 
differential or pseudo-differential input channel configura- 
tions. 


3.4.2 Full-Scale 
The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1'12LSB down from the desired 
analog full-scale voltage range and then adjusting the VREF 
voltage (VREF= VREF+- VREF-) for a digital output code 
changing from 011 1111 1110 to 011 1111 1111. In bipolar 
signed operation this only adjusts the positive full scale er- 
ror. 


3.4.3 Adjusting for an Arbitrary Analog Input 
Voltage Range 
If the analog zero voltage of the AID is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A plus input voltage which 
equals this desired zero reference plus '12LSB is applied to 
selected plus input and the zero reference voltage at the 
corresponding minus input should then be adjusted to just 
obtain the 000 0000 0000 to 000 0000 0001 code transition. 
The full-scale adjustment should be made [with the proper 
minus input voltage applied) by forcing a voltage to the plus 
input which is given by: 


VIN(+) fs adj = VMAX- 1.5 [ (VMAX2~ VMIN)] 


where VMAXequals the high end of the analog input range, 
VMIN equals the low end (the offset zero) of the analog 
range. Both VMAXand VMINare ground referred. The VREF 
(VREF= VREF+ - VREF-) voltage is then adjusted to pro- 
vide a code change from 011 1111 1110 to 011 1111 1111. 
Note, when using a pseudo-differential or differential multi- 
plexer mode where VREF+ and VREF- are placed within 
the V+ and GND range, the individual values of VREFand 
VREF- do not matter, only the difference sets the analog 
input voltage span. This completes the adjustment proce- 
dure. 


3.5 The Input Sample and Hold 
The ADC10731/2/4/8's 
sample/hold 
capacitor is imple- 


mented in the capacitor array. After the channel address is 
loaded, the array is switched to sample the selected positive 
analog input. The sampling period for the assigned positive 
input is maintained for the duration of the acquisition time 
(tA) 4.5 clock cycles. 


This acquisition window of 4.5 clock cycles is available to 
allow the voltage on the capacitor arrayto settle to the posi- 
tive analog input voltage. Any change in the analog voltage 
on a selected positive input before or after the acquisition 
window will not effect the AID conversion result. 


In the simplest case, the array's acquisition time is deter- 
mined by the RON (3 kO) of the multiplexer switches, the 
stray input capacitance CS1 (3.5 pF) and the total array (CU 
and stray (CS2) capacitance (48 pF). For a large source 
resistance the analog input can be modeled as an RC net- 
work as shown in Figure 
14. The values shown yield an 
acquisition time of about 1.1 /Ls for 10-bit unipolar or 10-bit 
plus sign accuracy with a zero-to-full-scale change in the 
input voltage. External source resistance and capacitance 
will lengthen the acquisition time and should be accounted 
for. Slowing the clock will lengthen the acquisition time, 
thereby allowing a larger external source resistance. 


FIGURE 14. Analog Input Model 
The signal-to-noise ratio of an ideal AID is the ratio of the 
RMS value of the full scale input signal amplitude to the 
value of the total error amplitude (including noise) caused 
by the transfer function of the ideal AID. An ideal 1O-bitplus 
sign AID converter with a total unadjusted error of 0 LSB 
would have a signal-to-(noise + distortion) ratio of about 68 
dB, which can be derived from the equation: 


S/(N + D) = 6.02(n) + 1.8 
where S/(N + D) is in dB and n is the number of bits. 
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f:}1National 
Semiconductor 


ADC10831, ADC10832, ADC10834, ADC10838 
10-Bit Plus Sign Serial I/O A/D Converters 
with MUX, Sample/Hold 
and Reference 


General Description 


This series of CMOS 
1a-bit plus sign successive 
approxima- 


tion 
AID 
converters 
features 
versatile 
analog 
input 
multi- 


plexers, 
sample/hold 
and a 2.5V band-gap 
reference. 
The 


1, 2, 4 or 8-channel 
multiplexers 
can be software 
configured 


for single-ended 
or differential 
mode 
of operation. 


An input sample/hold 
is implemented 
by a capacitive 
refer- 


ence 
ladder 
and sampled-data 
comparator. 
This allows 
the 


analog 
input to vary during the AID 
conversion 
cycle. 


In the 
differential 
mode, 
valid 
outputs 
are obtained 
even 


when 
the 
negative 
inputs 
are greater 
than 
the positive 
be- 


cause 
of the 1a-bit plus sign output 
data format. 


The 
serial 
I/O 
is 
configured 
to 
comply 
with 
the 
NSC 


MICROWIRETM 
serial 
data exchange 
standard 
for easy in- 


terface 
to the COPSTM and HPCTM families 
of controllers, 
and 
can 
easily 
interface 
with 
standard 
shift 
registers 
and 


microprocessors. 


Applications 


• 
Medical 
instruments 


• 
Remote 
instrumentation 


• 
Test 
equipment 


Features 


• 
- 5V to + 5V analog 
voltage 
range 
with ± 5V supplies 


• 
Serial 
I/O 
(MICROWIRE 
compatible) 


• 
1, 2, 4, or 8-channel 
differential 
or single-ended 
multiplexer 


• 
Software 
or hardware 
power 
down 


• 
Analog 
input sample/hold 
function 


• 
Ratiometric 
or Absolute 
voltage 
referencing 


• 
No zero or full scale 
adjustment 
required 


• 
No missing 
codes 
over temperature 


• 
TTL/MOS 
input/output 
compatible 


• 
Standard 
DIP and SO packages 


Key Specifications 


• 
Resolution 


• 
Dual supply 
• 
Power dissipation 


• 
In power 
down 
mode 


• 
Conversion 
time 


• 
Sampling 
rate 
• 
Band-gap 
reference 


1a bits plus sign 


±5V 


59 mW (Max) 


33 p.W 


5 p's (Max) 


74 kHz (Max) 


2.5V ± 2% 
(Max) 
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AGND 


VREr+ 


VREr- 
OUTPUT 
SHIrT 
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Number 
N20A or M20B 


Industrial 
Temperature 
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Top View 


see NS Package 
Number 
N24A or M24B 


N16E 


M16B 


N20A 


M20B 


N20A 


M20B 


N24A 


M24B 


Absolute Maximum Ratings 
(Notes 
1 & 3) 


If Military/Aerospace 
specified devices are required, 
Storage 
Temperature 
-40"Cto 
+1SO"C 
please 
contact 
the 
National 
semiconductor 
Sales 


Office/Distributors for availability and specifications. 
Operating Ratings 
(Notes 
2 and 3) 


Positive 
Supply Voltage 
(V+ = AV+ 
= DV+) 
+6.0V 
Operating 
Temperature 
Range 
TMIN';; 
TA';; 
TMAX 
Negative 
Supply Voltage 
(V-) 
-6.0V 
ADC10831CIN, 
ADC10831CIWM, 
Total Supply Voltage 
(V+ 
- 
V-) 
12V 
ADC10832CIN, 
ADC10832CIWM, 


Total Reference 
Voltage 
(VREF+ -VREF-) 
+6.0V 
ADC10834CIN, 
ADC10834CIWM, 


Voltage 
at Analog 
Inputs 
ADC10838CIN, 
ADC10838CIWM 
-40"C';; 
TA ,;; +8S"C 


(CHO-CH7 and COM) 
V+ 
+ 0.3V to V- 
- 
0.3V 
Positive 
Supply Voltage 
+ 4.SV to + S.SV 


Voltage 
at other 
Inputs and Outputs 
V+ 
+ 0.3Vto 
-0.3V 
(V+ 
= AV+ 
= DV+) 


Input Current 
at Any Pin (Note 4) 
30mA 
Negative 
Supply Voltage 
(V-) 
-4.5Vto 
-S.SV 


Package 
Input Current 
(Note 4) 
120 mA 
VREF+ 
AV+ 
+SOmVto 
-SOmV 


Package 
Dissipation 
at TA = 2S"C (Note S) 
SOOmW 
VREF- 
AV+ 
+SOmVto 
-SOmV 


ESD Susceptability 
(Note 
6) 
VREF (VREF+ -VREF-) 
+O.SVtoV+ 


Human 
Body Model 
2S00V 


Machine 
Model 
1S0V 


Soldering 
Information 


N packages 
(10 seconds) 
260"C 


SO Package 
(Note 
7) 
Vapor Phase (60 seconds) 
21S"C 


Infrared 
(15 seconds) 
220"C 


Electrical Characteristics 
The following 
specifications 
apply 
for V+ 
= AV+ 
= DV+ 
= 
+S.O VOC, VREF+ 
= 
+4.096 
Voc. 
VREF- 
= VIN- 
= GND, 
V- 
= - 5.0Voc, 
and fCLK = 2.S MHz unless otherwise 
specified. 
Boldface 
limits apply for TA = T" = TIlIN to TIIAX; all 
other 
limits TA = TJ = 
+ 2S"C. (Notes 
8, 9 and 10) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 11) 
(Note 12) 
(Limits) 


STATIC CONVERTER CHARACTERISTICS 


Resolution 
with No Missing 
Codes 
10 + Sign 
Bits 


TUE 
Total Unadjusted 
Error (Note 13) 
±2.0 
LSB(max) 


INL 
Positive 
and Negative 
Integral 
± 1.25 
LSB(max) 


Linearity 
Error 


Positive 
and Negative 
±1.5 
LSB(max) 


Full-Scale 
Error 
I 


Offset 
Error 
±1.5 
LSB(max) 


Power Supply Sensitivity 


Offset 
Error 
V+ = +S.OV 
±10% 
±0.2 
±1.0 
LSB(max) 


+ 
Full-Scale 
Error 
orV- 
= -S.O 
±10% 
±0.2 
±1.0 
LSB(max) 


- 
Full-Scale 
Error 
±0.1 
±0.75 
LSB(max) 


DC Common 
Mode Error (Note 14) 
VIN+ = VIN- 
= VIN where 
±0.1S 
±0.6 
LSB(max) 


+S.OV;;' 
VIN;;' 
-5V 


Multiplexer 
Channel 
to 
±0.1 
LSB 
Channel 
Matching 
• 


Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for V+ 
= AV+ 
= DV+ 
= 
+5.0 
Voc. 
VREF+ 
= 
+4.096 
VOC, VREF- 
= VIN- 
= GND, 


V- 
= - 5.0 Voc, 
and fClK = 2.5 MHz unless otherwise 
specified. 
Boldface 
limits apply for TA = T J = TMIN to TMAX; 
all other 
limits TA = TJ ~ 
+ 25"C. (Notes 
8, 9 and 10) (Continued) 


Limits 


(Note 
12) 


Units 
(Limits) 


S/(N+D) 
Signal-to-Noise 
Plus Distortion 
Ratio 
VIN = 8.0 Vpp, 


Sampling 
Rate = 74 kHz 
67 
dB 


and fiN = 1 kHz to 15 kHz 


ENOB 
Effective 
Number 
of Bits 
" . 
VIN = 8.0 Vpp, 


Sampling 
Rate = 74 kHz 
10.8 
Bits 


and fiN = 1 kHz to 15 kHz 


THO 
Total Harmonic 
Distortion 
VIN = 8.0 Vpp, 


Sampling 
Rate = 74 kHz 
-78 
dB 


and fiN = 1 kHz to 15 kHz 


IMD 
Intermodulation 
Distortion 
VIN = 8.0 Vpp, 


Sampling 
Rate = 74 kHz 
-85 
dB 


and fiN = 1 kHz to 15 kHz 


Full-Power 
Bandwidth 
VIN = 8.0 Vpp, where 


S/(N 
+ 
D) Decreases 
3 dB 
380 
kHz 


Sampling 
Rate = 74 kHz 
.. 


Multiplexer 
Channel 
to Channel 
Crosstalk 
fiN = 15 kHz 
-80 
dB 
Sampling 
Rate = 74 kHz 


Reference 
Input Resistance 
7 
kO 


S.O 
kO(min) 


9.S 
kO(max) 


CREF 
Reference 
Input Capacitance 
70 
pF 


MUX Input Voltage 
. 
Y- -SOmY 
(min) 


AY+ +SOmY 
(max) 


CIM 
MUX Input Capacitance 
47 
pF 


Off Channel 
Leakage 
Current 
(Note 15) 
On Channel = + 5V and 
-0.4 
-3.0 
/LA(max) 
Off Channel = - 5V 


On Channel = - 5V and 
0.4 
3.0 
/LA(max) 
Off Channel = + 5V 


On Channel 
Leakage 
Current 
(Note 15) 
On Channel = + 5V and 
0.4 
3.0 
/LA(max) 
Off Channel = + 5V 


On Channel = - 5V and 


-0.4 
-3.0 
/LA(max) 
Off Channel = + 5V 


Electrical Characteristics 
(Continued) 


The following 
specifications 
apply 
for V+ 
= 
AV+ 
= 
DV+ 
= 
+5.0 
Voc, 
VREF+ 
= 
+4.096 
Voc, 
VREF- 
= 
VIN- 
= 
GND. 


V- 
= 
-5.0 
VOC, and fCLK = 
2.5 MHz unless otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = T" 
= TMIN to TMAX; 


all other 
limits TA = 
TJ = 
+ 25"C. (Notes 
8, 9 and 10) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
11) 
(Note 
12) 
(Limits) 


REFERENCE 
CHARACTERISTICS 


VREF<)ut 
Reference 
Output Voltage 
2.5V ±0.5% 
2.5V 
±2% 
V(max) 


aVREF/aT 
VREF<)ut Temperature 
Coefficient 
±40 
ppm/"C 


aVREF/alL 
Load Regulation, 
Sourcing 
OmAS; 
ILS; 
+4mA 
±0.003 
±0.05 
%/mA(max) 


aVREF/alL 
Load Regulation, 
Sinking 
o mA S; IL S; -1 
mA 
±0.2 
±o.e 
%/mA(max) 


Line Regulation 
5V ±10% 
±0.3 
±2.5 
mV(max) 


Isc 
Short Circuit Current 
VREFOut 
= OV 
13 
22 
mA(max) 


Noise Voltage 
10 Hz to 10 kHz, CL = 
100,..F 
5 
,..V 


aVREF/at 
Long-term 
Stability 
±120 
ppm/kHr 


tsu 
Start-Up 
Time 
CL = 
100,..F 
100 
ms 


DIGITAL 
AND DC CHARACTERISTICS 
I 


VIN(l) 
Logical 
"1" 
Input Voltage 
V+ 
= 5.5V 
2.0 
V(min) 


VIN(O) 
Logical 
"0" 
Input Voltage 
V+ 
= 4.5V 
. 
0.8 
V(max) 


IIN(l) 
Logical 
"1" 
Input Current 
VIN = 5.0V 
0.005 
+2.5 
,..A(max) 


IIN(Ol 
Logical 
"0" 
Input Current 
VIN = OV 
-0.005 
-2.5 
,..A(min) 


VOUT(l) 
Logical 
"1" 
Output Voltage 
V+ 
= 4.5V, lOUT = 
-360,..A 
2.4 
V(min) 


V+ 
= 4.5V, lOUT = 
-10,..A 
.- 
4.5 
V(min) 


VOUT(O) 
Logical 
"0" 
Output Voltage 
V+ 
= 4.5V, lOUT = 
1.6 mA 
0.4 
V(min) 


lOUT 
TRI-STATE 
Output Current 
VOUT = OV 
-0.1 
-3.0 
,..A(min) 


VOUT = 5V 
+0.1 
+3.0 
,..A(max) 


+Isc 
Output 
Short-Circuit 
Source 
VOUT = OV, V+ 
= 4.5V 
-30 
-15 
mA(max) 
Current 


-ISC 
Output 
Short-Circuit 
Sink Current 
VOUT= 
V+ 
= 4.5V 
30 
15 
mA(min) 


10+ 
Digital Supply Current 
CS = HIGH, Power Up 
0.9 
1.3 
mA(max) 


(Note 17) 
CS = HIGH, Power Down 
0.2 
0.4 
mA(max) 
CS = HIGH, Power Down, 
0.5 
50 
,..A(max) 


andCLKOff 


IA+ 
Positive Analog 
Supply Current 
CS = HIGH, Power Up 
2.7 
6.0 
mA(max) 
(Note 17) 
CS = HIGH, Power Down 
3.0 
15 
,..A(max) 


IA- 
Negative 
Analog 
Supply Current 
CS = HIGH, Power Up 
-2.7 
-4.5 
mA(min) 


(Note 17) 
CS = 
HIGH, Power Down 
-3.0 
-15 
,..A(min) 


IREF 
Reference 
Input Current 
VREF+ 
= 
+ 2.5V and 
0.6 
mA(max) 
CS = HIGH, Power Up 


I 


fII 


Electrical Characteristics 
(Continued) 
The following 
specifications 
apply 
for V+ 
= AV+ 
= DV+ 
= 
+5.0 
VOC, VREF+ 
= 
+4.096 
VOC, VREF- 
= VIN = GND, 
V- 
= -5.0 
VOC, and fClK = 2.5 MHz unless 
otherwise 
specified. 
Boldface 
limits apply 
for 
TA = T•• = TMIN to TMAX; 
all other 
limits TA = TJ = 
+ 25°C. (Note 
16) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
11) 
(Note 
12) 
(Limits) 


AC CHARACTERISTICS 


fClK 
Clock Frequency 
3.0 
2.5 
MHz(max) 


5 
kHz(min) 


Clock Duty Cycle 
40 
%(min) 


80 
% (max) 


te 
Conversion 
Time 
12 
12 
Clock 


Cycles 


5 
5 
JLs(max) 


tA 
Acquisition 
Time 
4.5 
4.5 
Clock 


Cycles 


2 
2 
JLs(max) 


tscs 
~ 
Set-Up Time, Set-Up Time from Falling Edge of 
14 
30 
ns(min) 


CS to Rising Edge of Clock 
(1 tClK 
(1tCLK 
(max) 


- 
14ns) 
-30ns) 


tSOI 
01 Set-Up Time, Set-Up Time from Data Valid on 
16 
25 
ns(min) 
01 to Rising Edge of Clock 


tHO! 
01 Hold Time, Hold Time of 01 Data from Rising 
2 
25 
ns(min) 
Edge of Clock to Data not Valid on 01 


tAT 
DO Access 
Time from Rising Edge ofClK 
When 
30 
50 
ns(min) 
CS is "low" 
during a Conversion 


tAC 
DO or SARS Access 
Time from ~, 
Delay from 
30 
70 
ns(max) 
Falling Edge of ~ 
to D"ta Valid on DO or SARS 


tOSARS 
Delay from Rising Edge of Clock to Falling Edge of 
100 
200 
ns(max) 
SARS when ~ 
is "low" 
. 


tHDO 
DO Hold Time, Hold Time of Data on DO after 


\ 


20 
45 
ns(max) 
Falling 
Edge of Clock 


tAO 
DO Access 
Time from Clock, 
Delay from Falling 
40 
80 
ns(max) 
Edge of Clock to Valid Data of DO 


tlH, tOH 
Delay from Rising Edge of ~ 
to DO or SARS 


I 


40 
50 
ns(max) 
TRI-STATE 


toes 
Delay from Falling Edge of Clock to Falling Edge of 
20 
30 
ns(min) 
~ 


teS(H) 
~ 
"HIGH" 
Time for AID 
Reset after Reading 
of 
1 ClK 
1 ClK 
cycle(min) 
Conversion 
Result 


teS(l) 
ADC10731 
Minimum 
~ 
"low" 
Time to Start a 
1 ClK 
1 ClK 
cycle(min) 
Conversion 


tsc 
Time from End of Conversion 
to CS Going "low" 
5ClK 
5ClK 
cycie(min) 


tpo 
Delay from Power-Down 
command 
to 10% of 


1 
JLs 
Operating 
Current 


tpc 
Delay from Power-Up 
Command 
to Ready to Start 
10 
JLs 


a New Conversion 


CIN 
Capacitance 
of logic 
Inputs 
7 
pF 


COUT 
Capacitance 
of logic 
Outputs 
{2 
pF 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating Ratings indicate conditions 
for which the device is functk>nal, but do not guarantee specific performance 
limits. For guaranteed specifcations 
and 
test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply onty for the test conditions 
listed. Some performance 
characteristics 
may 


degrade when the device is not operated 
under the listed test conditions. 


Note 3: All voltages 
are measured with respect to GND, unless otherwise 
specified. 


Note 4: When the input voltage (V,N) at any pin exceeds the power supplies (V,N < V- 
or V,N > AV+ 
or DV+), 
the current at that pin should be lim~ed to 30 mA. 


The 120 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 30 mA to four. 


Note 5: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJmax, 8JA and the ambient temperature, 
TA. The maximum 


allowable 
power dissipation 
at any temperature 
is Po = (TJmax - 
T/JJ18JA or the number given In the Absolute 
Maximum Ratings, whichever 
is lower. For this 


device, TJmax ~ 
150"C. The typical thermal resistance 
(8J,v of these Paris when board mounted can be found in the lollowing 
table: 


Part Number 
Thermll Reilltince 
Package 
Type 


ADC10831CIN 
8ZOC/W 
NI6E 


ADC10831CIWM 
9Q'C/W 
MI6B 


ADCI0832CIN 
47'C/W 
N20A 


ADCI0832CIWM 
80"C/W 
M20B 


ADCI0834CIN 
47'C/W 
N20A 


ADCI0834CIWM 
80"C/W 
M20B 


ADCI0838CIN 
6O"C/W 
N24A 


ADC10838CIWM 
75"C/W 
M24B 


Note 8: The human body model is a 100 pF capacitor 
discharged 
through a 1.5 kG resistor into each pin. The machine model is a 200 pF capacitor 
discharged 
directly into each pin. 


Note 7: See AN-450 "Surface 
Mounting Methods and Their Effect on Product Aeliabil~" 
or the section titied "Surlace 
Mount" 
lound in any post 1986 National 
Semiconductor 
linear 
Data Book for other methods of soldering surtace mount devices. 


Note 8: Two on-ohip diodes are tied to each analog input as shown below. They will forward-conduct 
for analog input voltages one diode drop below Y- 
or one 
diode drop greater than V+ 
supply. Be careful during testing at low V+ 
and V- 
levels (±4.5V), 
as high level analog inputs (±5V) 
can cause an input diode to 


conduct, 
especialty 
at elevated 
temperatures, 
which will cause errors In the conversion 
result. The specification 
allows 50 mV forward bias of either dtode; this 
means that as long as the analog VIN does not exceed the supply voltage 
by more than 50 mV, the output code will be oorrect. 
Exceeding 
this range on an 


unselected 
channel will corrupt the reading of a selected channel. If AV+ 
and DV+ 
are minimum (4.5 Yod 
and V- 
is a maximum (-4.5 
Vod 
full scale must be 


s: ±4.55 
Vex;. 


Hote 9: No connection 
exists between AV + and DV + on the chip. 


To guarantee 
accuracy, 
it is required that the AV+ 
and DV+ 
be connected 
together to a power supply with separate 
bypass filter at eacn Y+ 
pin. 


Note 
10: One LSB is referenced 
to 10 bits of resolution. 


Note 
11: Typicals are at TJ = TA = 25°C and represent 
most likely pararmetric 
norm. 


Hote 
12: Tested limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 
13: Total unadjusted 
error includes offset, full-scale, 
linearity, mUltiplexer, and hold step errors. 


Note 
14: The DC common-mode 
error is measured in the differential 
multiplexer 
mode with the assigned positive and negative input channels shorted together. 


Hote 
15: Channel leakage current is measured after the channel selection. 


Note 16: All the timing specifications 
are tested at the TIL 
logic levels, V,l = 0.8V lor a falling edge and V,H - 
2.0V for a rising. TAl-STATE 
voltage level is forced 
to 1.4V. 


Hote 17: The voltage applied to the digital inputs will affect the current drain during power down. These devtces are tested with CMOS logic levels (Iogtc Low 
z::: OV 
and logic High = 5V). TIL 
levels increase the power down current to about 300 ,."A. 
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FIGURE 
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Conversion 


Note: If ~ 
is low during power up of the power supply voltages (AV+ 
and DV+) 
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FIGURE 9. ADC10831 Using CS to Delay Output of Data afer a Conversion has Completed 
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If CS is low during power up of the power supply voltages (AV+ 
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FIGURE 10. ADC10832, ADC10834 and ADC10838 Using CS to Delay Output of Data after a Conversion has Completed 


Nole: 
If CS is low during power up of the power supply voltages (AV + and DV +) then CS needs to go high for tcS(H). The data output after the first conversion 
is not valid. 
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TABLE 
I. AOC10838 
Multiplexer 
Address 
Assignment 
. 


MUXAddress 
Channel 
Number 


MAO 
MAl 
MA2 
MA3 
MA4 
MUX 


SINGI 
0001 
CHO 
CHl 
CH2 
CH3 
CH4 
CH5 
CH6 
CH7 
COM 
MODE 


PU 
OIFF 
SIGN 
SELl 
SELO 


1 
1 
0 
0 
0 
+ 
- 


1 
1 
0 
0 
1 
+ 
- 
1 
1 
0 
1 
0 
I 
+ 
- 
1 
1 
0 
1 
1 
+ 
- 
1 
1 
1 
0 
0 
+ 
- 
Single-Ended 


1 
1 
1 
0 
1 
, 
+ 
- 
1 
1 
1 
1 
0 
+ 
- 
1 
1 
1 
1 
1 
+ 
- 


1 
0 
0 
0 
0 
+ 
- 
1 
0 
0 
0 
1 
+ 
- 
1 
0 
0 
1 
0 
+ 
- 


1 
0 
0 
1 
1 
+ 
- 
Differential 
1 
0 
1 
0 
0 
- 
+ 
: 
1 
0 
1 
0 
1 
- 
+ 
1 
0 
1 
1 
0 
- 
+ 
1 
0 
1 
1 
1 
- 
+ 


0 
X 
X 
X 
X 
Power Down (All Channels 
Disconnected) 


TABLE 
II. AOC10834 
Multiplexer 
Address 
Assignment 


MUXAddress 
Channel 
Number 


MAO 
MAl 
MA2 
MA3 
MA4 
MUX 


SINGI 
0001 
CHO 
CHl 
CH2 
CH3 
COM 
MODE 
PU 
OIFF 
SIGN 
SELl 
SELO 


1 
1 
0 
0 
0 
+ 
- 
1 
1 
0 
0 
1 
+ 
- 


1 
1 
1 
0 
0 
+ 
- 
Single-Ended 


1 
1 
1 
0 
1 
+ 
- 


1 
0 
0 
0 
0 
+ 
- 
1 
0 
0 
0 
1 
+ 
- 


1 
0 
1 
0 
0 
+ 
Differential 
- 


1 
0 
1 
0 
1 
- 
+ 


0 
X 
X 
X 
X 
Power Down (All Channels 
Disconnected) 


TABLE 
III. AOC10832 
Multiplexer 
Address 
Assignment 


MUXAddress 
Channel 
Number 


MAO 
MAl 
MA2 
MA3 
MA4 
MUX 


SINGI 
0001 
CHO 
CHl 
COM 
MODE 
PU 
OIFF 
SIGN 
SELl 
SELO 


1 
1 
0 
0 
0 
+ 
- 
1 
1 
1 
0 
0 
+ 
- 
Single-Ended 


1 
0 
0 
0 
0 
+ 
- 
1 
0 
1 
0 
0 
- 
+ 
Differential 


0 
X 
X 
X 
X 
Power Down (All Channels 
Disconnected) 


Pin Descriptions 
CLK 
The clock applied to this input controls the suc- 
cessive approximation conversion time interval, 
the acquisition time and the rate at which the 
serial data exchange occurs. The rising edge 
loads the information on the DI pin into the mul- 
tiplexer address shift register. This address con- 
trols which channel of the analog input multi- 
plexer (MUX) is selected. The falling edge shifts 
the data resulting from the AID conversion out 
on DO.es enables or disables the above func- 
tions. The clock frequency applied to this input 
can be between 5 kHz and 3 MHz. 


DI 
This is the serial data input pin. The data applied 
to this pin is shifted by CLK into the multiplexer 
address register. Tables I through III show the 
multiplexer address assignment. 


DO 
The data Glutputpin. The AID conversion result 
(DBO-SIGN).are clocked out by the falling edge 
of CLK on this pin. 
es 
This is the chip select input pin. When a logic 
low is applied to this pin, the rising edge of CLK 
shifts the data on DI into the address register. 
This low also brings DO out of TRI-STATE after 
a conversion has been completed. 


PD 
This is the power down inplJl pin. When a logic 
high is applied to this pin the AID is powered 
down. When a low is applied the AID is pow- 
ered up. 


SARS 
This is the successive approximation register 
status output pin. When es is high this pin is in 
TRI-STATE. With es low this pin is active high 
when a conversion is in progress and active low 
at all other times. 


CHO-CH7 These are the analog inputs of the MUX. A 
channel input is selected by the address infor- 
mation at the DI pin, which is loaded on the ris- 
ing edge of CLK into the address register (see 
Tables I-III). 
The voltage applied to these inputs should not 
exceed AV+ 
or go below V- 
by more than 


50 mY. Exceeding this range on an unselected 
channel will corrupt the reading of a selected 
channel. 


COM 
This pin is another analog input. When the ana- 
log multiplexer is single ended this input serves 
as the zero reference level for inputs CHO-CH7 
(see Tables I-III). COM can serve as a "pseudo 
ground" that has an input voltage range of AV+ 
+ 50 mV to V- 
- 
50 mY. In most cases, COM 
will be grdunded. When the MUX is set in the 
differential pairs mode, COM is not used and 
may be grounded. 


VREF+ 
This is the positive analog voltage reference in- 
put. In order to maintain accuracy, the voltage 
range 
VREF (VREF = 
VREF+-VREF-) 
is 
0.5 Voc to 5.0 Voc and the voltage at VREF+ 
cannot exceed AV+ +50 mY. 
VREF- 
The negative voltage reference input. In order to 
maintain accuracy, the voltage at this pin must 
not go below GND - 
50 mV or exceed AV+ 


+ 
50 mY. VREF- must always be less than 
VREF+ 
AV+, 
DV+ 
These are the analog and digital positive power 
supply pins. These pins should be tied to the 
same power supply and bypassed separately. 
The operating voltage range of AV+ and DV+ 
is 4.5 Voc to 5.5 Voc. 
This is the negative analog supply pin. The oper- 
ating voltage range of V- 
is -4.5V 
to -5.5V. 


This supply pin needs to be bypassed with 
0.1 fLF ceramic and 10 fLF tantalum capacitors 
to the system analog ground. 
This is the digital ground pin. 
This is the analog ground pin. 


DGND 
AGND 


Applications 
Hints 


The ADC10831/2/4/8 
use successive approximation to 


digitize an analog input voltage. The DAC portion of the A/D 
converters uses a capacitive array and a resistive ladder 
structure. The structure of the DAC allows a very simple 
switching scheme to provide a versatile analog input multi- 
plexer. This structure also provides a sample/hold. The 
ADC10831/2/4/8 
have a 2.5V CMOS bandgap reference. 


The 
serial digital 
I/O 
interfaces 
to 
MICROWIRE and 


MICROWIRE+. 


1.0 DIGITAL 
INTERFACE 


There are two modes of operation. The fastest throughput 
rate is obtained when CS is kept low during a conversion. 
The timing diagrams in Figures 
7 and 8 show the operation 


of the devices in this mode. CS must be taken high for at 
least teS(H)(1 ClK) between conversions. This is necessary 
to reset the internal logic. Figures 9 and 10 show the opera- 
tion of the devices when CS is taken high while the 
ADC10831/2/4/8 
is converting. CS may be taken high dur- 
ing the conversion and kept high indefinitely to delay the 
output data. This mode simplifies the interface to other de- 
vices while the ADC10831/2/4/8 
is busy converting. 


1.1 Getting 
Started 
with a Conversion 


The ADC10831/2/4/8 
need to be initialized after the power 


supply voltage is applied. If CS is low when the supply volt- 
age is applied then CS needs to be taken high for at least 
teS(H) (1 clock period). The data output after the first con- 
version is not valid. 


1.2 Software 
and Hardware 
Power 
Up/Down 


These devices have the capability of software or hardware 
power down. Figures 5 and 6 show the timing diagrams for 
hardware and software power up/down. In the case of hard- 
ware power down note that CS needs to be high for tpc 
after PD is taken low. When PD is high the device is pow- 
ered down. The total quiescent current, when powered 
down, is typically 200 p.A with the clock at 2.5 MHz and 
3 p.Awith the clock off. The actual voltage level applied to a 
digital input will affect the 
power consumption of the 


device during power down. CMOS logic levels will give the 
least amount of current drain (3 p.A). TTl 
logic levels will 


increase the total power down current drain to 300 p.A. 


These devices have resistive reference ladders which draw 
600 p.A with a 2.5V reference voltage. The internal band 
gap reference voltage shuts down when power down is acti- 
vated. If an external reference voltage is used, it will have to 
be shut down to minimize the total current drain of the de- 
vice. 


2.0 ARCHITECTURE 
Before a conversion is started, during the analog input sam- 
pling period, (tA), the sampled data comparator is zeroed. 
As the comparator is being zeroed the channel assigned to 
be the positive input is connected to the AID's input capaci- 
tor. (The assignment procedure is explained in the Pin De- 
scriptions section.) This charges the input 32C capacitor of 
the DAC to the positive analog input voltage. The switches 
shown in the DAC portion of Figure 
11 are set for this zero- 


ing/acquisition period. The voltage at the input and output 
of the comparator are at equilibrium at this time. When the 
conversion is started, the comparator feedback switches 
are opened and the 32C input capacitor is then switched to 
the assigned negative input voltage. When the comparator 
feedback switch opens, a fixed amount of charge is trapped 
on the common plates of the capacitors. The voltage at the 
input of the comparator moves away from equilibrium when 
the 32C capacitor is switched to the assigned negative input 
voltage, causing the output of the comparator to go high 
("1") or low ("0"). The SAR next goes through an algorithm, 
controlled by the output state of the comparator, that redis- 
tributes the charge on the capacitor array by switching the 
voltage on one side of the capacitors in the array. The ob- 
jective of the SAR algorithm is to return the voltage at the 
input of the comparator as close as possible to equilibrium. 
The switch position information at the completion of the 
successive approximation routine is a direct representation 
of the digital output. This data is then available to be shifted 
on the DOpin. 
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3.1 Multiplexer 
Configuration 
The design. of these converters utilizes a sampled-data 
comparator structure, which allows a differential analog in· 
put to be converted by the successive approximation rou- 
tine. 
The actual voltage converted is always the difference be- 
tween an assigned" +" input terminal and a "-" 
input ter· 


minal. The polarity of each input terminal or pair of input 
terminals being converted indicates which line the converter 
expects to be the most positive. 
A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels. The input channels can be 
software configured into three modes: differential, single- 
ended, or pseudo-differential. Figure 
12 illustrates the three 


modes using the 4-channel MUX of the ADC10834. The 
eight inputs of the ADC10838 can also be configured in any 
of the three modes. The single-ended mode has CHO-CH3 
assigned as the positive input with COM serving as the neg- 
ative input. In the differential mode, the ADC10834 channel 
inputs are grouped in pairs, CHO with CH1 and CH2 with 
CH3. The polarity assignment of each channel in the pair is 
interchangeable. Finally, in the pseudo-differential mode 
CHO-CH3 are positive inputs referred to COM which is now 
a pseudo-ground. This pseudo-ground input can be set to 
any potential within the input common-mode range of the 
converter. The analog signal conditioning required in trans- 
ducer-based data acquisition systems is significantly simpli- 
fied with this type of input flexibility. One converter package 
can now handle ground-referred inputs and true differential 
inputs as well as signals referred to a specific voltage. 
The analog input voltages for each channel can range from 
50 mV below V- 
to 50 mV above V+ 
= DV+ = AV+ 


without degrading conversion accuracy. If the voltage on an 
unselected channel exceeds these limits it may corrupt the 
reading of the selected channel. 


3.2 Reference 
Considerations 


The voltage difference between the VREF+ and VREF- in- 
puts defines the analog input voltage span (the difference 
between VIN(Max) and VIN(Min)) over which 1023 positive 
and 1024 negative possible output codes apply. 


The value of the voltage on the VREF+ or VREF- inputs 
can be anywhere between AV+ 
+ 
50 mV and GND 


-50 
mY, so long as VREF+ is greater than VREF-. The 


ADC10831/2/4/8 
can be used in either ratiometric applica- 


tions or in systems requiring absolute accuracy. The refer- 
ence pins must be connected to a voltage source capable 
of driving the minimum reference input resistance of 5 kO. 
The 
internal 
2.5V 
bandgap 
reference 
in 
the 


ADC1083112/4/8 
is available as an output on the VREFOut 


pin. To ensure optimum performance this output needs to 
be bypassed to ground with 100 I'-Faluminum electroly1icor 
tantalum capacitor. The reference output can be unstable 
with capacitive loads greater than 100 pF and less than 
100 I'-F. Any capacitive loading less than 100 pF and 
greater than 100 I'-F will not cause oscillation. Lower 


t-'Clvl~ClIn•.'t'. M I vv 
IJ-r 
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of 200 nV/,fFfi. The pseudo-differential and differential mul- 
tiplexer modes allow for more flexibility in the analog input 
voltage range since the "zero" reference voltage is set by 
the actual voltage applied to the assigned negative input 
pin. 


In a ratiometric system (Figure 
138), the analog input volt- 


age is proportional to the voltage used for the AID refer- 
ence. This voltage may also be the system power supply, so 
VREF+ can also be tied to AV+. This technique relaxes the 
stability requirements of the system reference as the analog 
input and AID 
reference move together maintaining the 
same output code for a given input condition. 


For absolute accuracy (Figure 
13b), where the analog input 


varies between very specific voltage limits, the reference pin 
can be biased with a time- and temperature-stable voltage 
source that has excellent initial accuracy. The LM4040, 
LM4041 and LM185 references are suitable for use with the 
ADC108311214/8. 


The minimum value of VREF(VREF= VREF+-VREF-) 
can 


be quite small (see Typical Performance Characteristics) to 
allow direct conversion of transducer outputs providing less 
than a 5V output span. Particular care must be taken with 
regard to noise pickup, circuit layout and system error volt- 
age sources when operating with a reduced span due to the 
increased sensitivity of the converter (1 LSB equals VREFI 
1024). 


3.3 The Analog 
Inputs 


Due to the sampling nature of the analog inputs, at the clock 
edges short duration spikes of current will be seen on the 
selected assigned negative input. Input bypass capacitors 
should not be used if the source resistance is greater than 
1 kO since they will average the AC current and cause an 
effective DC current to flow through the analog input source 
resistance. An op amp RC active lowpass filter can provide 
both impedance buffering and noise filtering should a high 
impedance signal source be required. Bypass capacitors 
may be used when the source impedance is very low with- 
out any degradation in performance. 


In a true differential input stage, a signal that is common to 
both 
" + " 
and 
" - " 
inputs 
is 
canceled. 
For 
the 


ADC10831/2/4/8, 
the positive input of a selected channel 
pair is only sampled once before the start of a conversion 
during the acquisition time (tA).The negative input needs to 
be stable during the complete conversion sequence be- 
cause it is sampled before each decision in the SAR se- 
quence. Therefore, any AC common-mode signal present 
on the analog inputs will not be completely canceled and 
will cause some conversion errors. For a sinusoid common- 
mode signal this error is: 


VERROR(max)= VPEAK(2 1r fCM)(te) 


where fCM is the frequency of the common-mode signal, 
VPEAKis its peak voltage value, and tc is the AID's conver- 
sion time (tc = 12/fCLK). For example, for a 60 Hz com- 
mon-mode signal to generate a 'I.LSB error (0.61 mY) with 
a 4.8 I'-s conversion time, its peak value would have to be 
approximately 337 mY. 
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FIGURE 12. Analog 
Input Multiplexer 
Options 
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Applications 
Hints (Continued) 


3.4 Optional 
Adjustments 


3.4.1 Zero Error 
The zero error of the AID converter relates to the location 
of the first riser of the transfer function (see Figure 
1) and 
can be measured by grounding the minus input and applying 
a small magnitude voltage to the plus input. Zero error is the 
difference between actual DC input voltage which is neces- 
sary to just cause an output digital code transition from 
00000000000 
to 000 0000 0001 and the ideal V.lSB value 


<'12 lSB = 2.0 mV for VREF = + 4.096V). 
The zero error of the AID does not require adjustment. If 
the minimum analog input voltage value, VIN(Min), is not 
ground, the effective "zero" voltage can be adjusted to a 
convenient value. The converter can be made to output an 
all zeros digital code for this minimum input voltage by bias- 
ing any minus input to VIN(Min).This is useful for either the 
differential or pseudo-differential input channel configura- 
tions. 


3.4.2 Full-Scale 


The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1V.lSB down from the desired 
analog full-scale voltage range and then adjusting the VREF 
voltage (VREF= VREF+- VREF-) for a digital output code 
changing from 011 1111 1110 to 011 1111 1111. In bipolar 
signed operation this only adjusts the positive full scale er- 
ror. 


3.4.3 Adjusting 
for an Arbitrary 
Analog 
Input 
Voltage 
Range 


If the analog zero voltage of the AID is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A plus input voltage which 
equals this desired zero reference plus V. lSB is applied to 
selected plus input and the zero reference voltage at the 
corresponding minus input should then be adjusted to just 
obtain the 000 0000 0000 to 000 0000 0001 code transition. 
The full-scale adjustment should be made [with the proper 
minus input voltage applied] by forcing a voltage to the plus 
input which is given by: 


VIN(+) f adJ'= V 
- 
1.5 [ (VMAX- VMIN)] 
s 
MAX 
2" 


where VMAXequals the high end of the analog input range, 
VMIN equals the low end (the offset zero) of the analog 
range. Both VMAXand VMINare ground referred. The VREF 
(VREF= VREF+ - VREF-) voltage is then adjusted to pro- 
vide a code change from 011 1111 1110 to 011 1111 1111. 
Note, when using a pseudo-differential or differential multi- 
plexer mode where VREF+ and VREF- are placed within 
the V+ and GND range, the individual values of VREFand 
VREF- do not matter, only the difference sets the analog 
input voltage span. This completes the adjustment proce- 
dure. 


3.5 The Input Sample 
and Hold 
The ADC1083112/4/8's 
sample/hold 
capacitor is imple- 
mented in the capacitor array. After the channel address is 
loaded, the array is switched to sample the selected positive 
analog input. The sampling period for the assigned positive 
input is maintained for the duration of the acquisition time 
(tA) 4.5 clock cycles. 
This acquisition window of 4.5 clock cycles is available to 
allow the voltage on the capacitor array to settlE!to the posi- 
tive analog input voltage. Any change in the analog voltage 
on a selected positive input before or after the acquisition 
window will not effect the AID conversion result. 
In the simplest case, the array's acquisition time is deter- 
mined by the RON (3 kO) of the multiplexer switches, the 
stray input capacitance CS1(3.5 pF) and the total array (CLl 
and stray (CS2) capacitance (48 pF). For a large source 
resistance the analog input can be modeled as an RC net- 
work as shown in Figure 
14. The values shown yield an 
acquisition time of about 1.1 ,...S for 10-bit unipolar or 10-bit 
plus sign accuracy with a zero-to-full-scale change in the 
input voltage. External source resistance and capacitance 
will lengthen the acquisition time and should be accounted 
for. Slowing the clock will lengthen the acquisition time, 
thereby allowing a larger external source resistance. 


FIGURE 
14. Analog 
Input Model 


The signal-to-noise ratio of an ideal AID is the ratio of the 
RMS value of the full scale input signal amplitude to the 
value of the total error amplitude (including noise) caused 
by the transfer function of the ideal AID. An ideal 10-bit plus 
sign AID converter with a total unadjusted error of 0 lSB 
would have a signal-to-(noise + distortion) ratio of about 68 
dB, which can be derived from the equation: 


S/(N + D) = 6.02(n) + 1.8 


where S/(N + D) is in dB and n is the number of bits. 
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ADC1061 10-Bit High-Speed /-LP-Compatible 
A/D Converter with Track/Hold 
Function 


General Description 


Using a modified 
half-flash 
conversion 
technique, 
the 10-bit 


ADC1061 
CMOS 
analog-to-digital 
converter 
offers 
very fast 


conversion 
times yet dissipates 
a maximum 
of only 235 mW. 
The 
ADC1061 
performs 
a 10-bit 
conversion 
in two 
lower- 


resolution 
"flashes", 
thus 
yielding 
a fast 
A/D 
without 
the 


cost, power dissipation, 
and other problems 
associated 
with 


true flash 
approaches. 


The 
analog 
input 
voltage 
to the 
ADC1061 
is tracked 
and 


held by an internal 
sampling 
circuit. 
Input signals 
at frequen- 
cies from 
DC to greater 
than 
160 kHz can therefore 
be digi- 
tized 
accurately 
without 
the 
need 
for an external 
sample- 
and-hold 
circuit. 


For ease of interface 
to microprocessors, 
the ADC1061 
has 


been designed 
to appear 
as a memory 
location 
or I/O 
port 


without 
the need for external 
interface 
logic. 


Features 


• 
1.8 J.Ls maximum 
conversion 
time to 10 bits 


• 
Low power 
dissipation: 
235 mW (maximum) 


• 
Built-in 
track-and-hold 


• 
No external 
clock 
required 


• 
Single + 5V supply 


• 
No missing 
codes 
over temperature 


Applications 


• 
Waveform 
digitizers 


• 
Disk drives 
• 
Digital signal 
processor 
front 
ends 


• 
Mobile 
telecommunications 


VREF+ 


VREF- 


OUTPUT 
LATCH 


V,. 
AND 
TRI-STATE 
BUFFERS 


AVec 


DVec 


Industrial 
( - 40"C ,,; TA ,,; 85'C) 
Package 


ADC1061CIJ 
J20A 


ADC1061CIN 
N20A 


ADC1061CIWM 
M20B 


Military 
(-55'C 
,,; TA"; 
125'C) 
Package 


ADC1061CMJ 
J20A 


DB9 (MSB) 


DB8 


DB7 


DB6 


DBS 


DB. 


DB3 


DB2 


OBI 


DBO (LSB) 


OVec 


iNT 


S/H 


Rii 
cs 


AVec 


VREr- 
V,. 


VREr+ 


GNO 


20 


19 


18 


17 


ADC1061 
16 
15 


14 


13 


12 


11 


080 (lS8) 


081 


082 


083 


084 


085 


086 


087 


088 


089 (IIS8) 


Top View 


Order 
Number 
ADC1061CIJ, 
ADC1061CIN, 


ADC1061CIWM 
or ADC1061CMJ 


See NS Package 
J20A, 


M20Bor 
N20A 


Absolute Maximum Ratings 
(Notes 1 & 2) 


If Military/Aerospace 
specified 
devices 
are required, 
Soldering Information (Note 6) 
please 
contact 
the 
National 
Semiconductor 
Sales 
N Package (10 seconds) 
260'C 
Office/Distributors 
for availability 
and specifications. 
J Package (10 seconds) 
300'C 


Supply Voltage (V+ = AVee = DVed 
-0.3Vto 
+6V 
SO Package (Not~ 6): 


Voltage at any Input or Output 
-0.3VtoV+ 
+0.3V 
Vapor.Phase (60 seconds) 
215'C 


Infrared (15 seconds) 
220'C 
Input Current at Any Pin (Note 3) 
5mA 
Junction Tem~rature, TJ 
+ 150'C 
Package Input Current (Note 3) 
20mA 
Storage Temperature Range 
-65'C 
to + 150'C 
Power Dissipation (Note 4) 
875mW 


ESD Susceptibility (Note 5) 
1500V 
Operating Ratings (Notes 1 & 2) 
Temperature Range 
TMIN:!>TA:!> TMAX 


ADC1061CIJ, ADC1061CIN, 
ADC1061CIWM 
-40'C:!> 
TA:!> +85'C 


ADC1061CMJ 
- 
- 55'C :!>TA :!>+ 125'C 


Supply Voltage Range 
4.5Vto 5.5V 


Converter Characteristics 
The following specifications apply for V+ = +5V, VREF(+) = 5V, and VREF(-) = GND unless otherwise specified. Boldface 
limits apply for TA = TJ = TMINto TMAX;all other limits TA = TJ = 25'C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 7) 
(Note 8) 
(Limit) 


Resolution 
, 
10 
Bits 


Total Unadjusted Error 
).. 
±1.0 
±2.0 
LSB (Max) 


Integral Linearity Error 
±0.3 
±1.5 
LSB (Max) 


Differential Linearity Error 
±1.0 
LSB (Max) 


Offset Error 
±0.1 
± 1.0 
LSB (Max) 


Fullscale Error 
±0.5 
±1.0 
LSB(Max) 


RREF 
Reference Resistance 
0.65 
0.4 
kO(Min) 


RREF 
Reference Resistance 
0.65 
0 •• 
kO (Max) 


VREF(+) 
VREF(+) Input Voltage 
Y+ 
+ 0.05 
V (Max) 


VREF(-) 
VREF(-llnput Voltage 
( 
. 


aND - 0.05 
V (Min) 


VREF{+) 
VREF(+) Input Voltage 
- 
YR•••(-) 
V (Min) 


VREF{-) 
VREF(-1 Input Voltage 
YR."(-) 
V (Max) 


VIN 
Input Voltage 
Y+ 
+ 0.05 
V (Max) 


VIN 
Input Voltage 
aND - 0.05 
V (Min) 


Analog Input Leakage Current 
~ 
= V+, VIN = V+ 
0.01 
3 
",A (Max) 


~ 
= V+, VIN = GND 
0.01 
-3 
",A (Max) 


Power Supply Sensitivity 
V+ = 5V ±5% 
±0.125 
±0.5 
LSB 
VREF= 4.75V 
• 


DC Electrical Characteristics 
The following 
specifications 
apply for V+ 
= 
+ SV, VREF(+) = SV, and VREF(-) 
= GND unless 
otherwise 
specified. 
Boldface 


limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 2SoC. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


, 
(Note 
7) 
(NoteS) 
(Limits) 


VIN(1) 
Logical 
"1" 
Input Voltage 
V+ = S.2SV 
I 
2.0 
V (Min) 


VIN(O) 
Logical 
"0" 
Input Voltage 
V+ = 4.7SV 
.: 
0.8 
V (Max) 


IIN(1) 
Logical 
"1" 
Input Current 
VIN(1) = SV 
O.OOS 
1.0 
",A (Max) 


IIN(O) 
Logical 
"0" 
Input Current 
VIN(O) = OV 
-O.OOS 
-1.0 
",A (Max) 


VOUT(1) 
Logical 
"1" 
Output Voltage 
V+ = 4.7SV lOUT = -360 
",A 
2.4 
V (Min) 


V+ = 4.7SVIOUT 
= -10 
",A 
4.5 
V (Min) 


VOUT(O) 
Logical 
"0" 
Output Voltage 
V+ = 4.7SV lOUT = 1.6 mA 
0.4 
V (Max) 


lOUT 
TRI-STATE@ 
Output Current 
VOUT = SV 
0.1 
50 
",A (Max) 


VOUT = OV 
-0.1 
-50 
",A (Max) 


Dlcc 
DVcc 
Supply Current 
CS = WR = AD = 0 
0.1 
2 
mA(Max) 


Alcc 
AVcc 
Supply Current 
CS = WR = RD = 0 
30 
45 
mA(Max) 


AC Electrical Characteristics 
The following 
specifications 
apply 
for V+ 
= 
+SV.!r 
= tf = 20 ns. VREF(+) 
= 5V, and VREF(-) 
= GND unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 2SoC. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
7) 
(NoteS) 
(Limits) 


tCONV 
Conversion 
Time from Rising Edge 
Mode 1 
1.2 
1.8 
",s(Max) 
of S"/H to Falling Edge of INT 


tCRD 
Conversion 
Time for MODE 2 
Mode 2 
1.6 
2.4 
",s(Max) 
(RD Mode) 


tACC1 
Access 
Time (Delay from Falling 
Mode 1; CL = 100 pF 
20 
50 
ns(Max) 
Edge of RD to Output Valid) 


tACC2 
Access 
Time (Delay from Falling 
Mode 2; CL = 100 pF 
teRD + 50 
ns(Max) 
Edge of RD to Output Valid) 


tSH 
Minimum 
Sample 
Time 
(Figure 
1); (Note 9) 
250 
ns (Max) 


t1H. toH 
TRI-STA TE Control 
(Delay from Rising 
RL = 1k, CL = 10 pF 
20 
50 
ns (Max) 
Edge of RD to High-Z State) 


tlNTH 
Delay from Rising Edge of RD 
10 
50 
ns (Max) 
to Rising Edge of INT 


tlD 
Delay from INT to Output Valid 
CL = 100 pF 
20 
50 
ns (Max) 


tp 
Delay from End of Conversion 
10 
20 
ns(Max) 
to Next Conversion 


SR 
Slew Rate for Correct 


Track-and-Hold 
Operation 
2.S 
V/",s 


AC Electrical Characteristics 
(Continued) 


The following specifications apply for V+ = +5V, tr = tf = 20 ns, VREF(+) = 5V, and VREF(-) 
specified. Boldface limits apply for TA 
TJ = TMINto TMAX;all other limits TA = TJ = 25'C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 7) 
(Note 8) 


CVIN 
Analog Input Capacitance 
35 
pF 


COUT 
Logic Output Capacitance 
5 
pF 


CIN 
Logic Input Capacitance 
5 
pF 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 


specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade 
when the device 
is not operated 
under the listed test 


conditions. 


Note 2: All voltages 
are measured with respect to GNO, unless otherwise 
specified. 


Note 3: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN < V- 
or VIN > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can safely exceed the power supplies with an input of 5 mA to four. 


Note 4: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJMAX. 6JA and the ambient temperature, 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is Po = {TJMAX - 
TAJI8JA 
or the number given in the Absolute 
Maximum Ratings, whichever 
is lower. For this 
device, TJMAJ( - 
15o-C, and the typical thermal resistance 
(8JAl when board mounted is 47'C/W 
fOt'the plastic (N) package, 85"C/W 
for the ceramic (J) package, 


and 65"C/W 
for the small outline (WM) package. 


Note 5: Human body model, 100 pF discharged 
through a 1.5 kG resistor. 


Note 6: See AN-450 
"Surface 
Mounting 
Methods 
and Their Effect on Product 
Reliability" 
or the section 
titled 
"Surface 
Mount" 
found 
in a current 
National 
Semiconductor 
Linear Data Book for other methods of soldering 5urtace mount devices. 


Note 7: Typicals are at 25°C and represent 
most likely parametric 
norm. 


Note 8: Umits are guaranteed 
to National's 
AOOL (Average Outgoing Quality Level). 


Note 9: Accuracy 
may degrade if tSH is shorter than the value specified. 


RJj 
ADC1061 
DATA 
OUTPUT 
r 


CL 
RL 


- 
- 
- 
TLlH/l0559-3 


Vcc 
Vcc 


RL 


RJj 
ADC1061 
DATA 
OUTPUT 
I~ 


- 
- 
TLlH/l0559-5 


~ 


IH 
DATA 
VOH 
90::1: 


OUTPUT GND 


-j 
I-toH 


DATA 
Vcc~ 
OUTPUT V 
10::1: 


OL 
• 


\_-_/ 


I 


, 
I 


----~\ 
isH ,------------------------ 


'I 
I 
I 


: 
I 
I 
: 
\... 
01'1'----- 


, 
: 
-: 
:- 
tiHTH 


: 
\; 
I 
II' 
I 
I 
~ 


;.-- 
\coNY ~ 
••--- 
••:-----i.' 


tACC1 -: 
f"!:::: 
~ 
i-- 11H·IoH 


-------------------------------~~ 
~ 
),>------ 


I 


\ : 
/ 


, •.._,-------------------_. 
lcs~ 
:- 
I--I 


I 
. 
, 
'- ---. 
, 
, 
, 
, 
, 
, 
, 
, 
I 
I 
I 
~ 
:- 
t1H·IoH 


I 
>--------- 
I 


I 
I 


tlD -:; 


\ 


i-- tiHTH 
,1-------- 


" I 
--------- 


FIGURE 2. Mode 2 (RD Mode). The conversion time (\cRD) Includes 
the sampling time, and Is determined by the Internal timer. 
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Pin Descriptions 


Symbol 


DVec, 


AVec 
(1,6) 


Function 


These 
are the digital and analog positive 


supply voltage 
inputs. They should 


always be connected 
to the same 


voltage 
source, 
but are brought 
out 


separately 
to allow for separate 
bypass 


capacitors. 
Each supply pin should 
be 


bypassed 
with a 0.1 ,..F ceramic 


capacitor 
in parallel with a 10 ,..F 


tantalum 
capacitor. 


This is the active low intemJpt 
output. 


iNf goes low at the end of each 


conversion, 
and returns to a high state 


following 
the rising edge of RD. 


This is the Sample/Hold 
control 
input. 


When this pin is forced 
low, it causes 


the analog input signal to be sampled 


and initiates 
a new conversion. 


This is the active low Read control 
input. 


When this pin is low, any data present 
in 


the ADC1061's 
output registers 
will be 


placed on the data bus. In Mode 2, the 


Read signal must be low until iNf goes 


low. UntillNT 
goes low, the data at the 


output 
pins will be incorrect. 


Symbol 
~(5) 


VREF-, 


VREF+ 
(7,9) 


Linearity 
Error 
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.....•- 


AVec 
- 
OVec 
- 
Vm 
- 
+5V 


Function 


This is the active low Chip Select control 


input. This pin enables 
the g/H 
and R'[5 


inputs. 


These are the reference 
voltage 
inputs. 


They may be placed 
at any voltage 


between 
GND 
- 
50 mV and Vcc + 


50 mY, but VREF+ 
must be greater 
than 


VREF-. 
An input voltage 
equal to 


VREF - 
produces 
an output 
code of 0, 


and an input voltage 
equal to VREF + - 


1LSB produces 
an output 
code of 1023. 


This is the analog input pin. The 


impedance 
of the source should 
be less 


than 500n 
for best accuracy 
and 


conversion 
speed. To avoid damage 
to 


the ADCl 061, VIN should 
not be 


allowed 
to extend 
beyond 
the power 


supply voltages 
by more than 300 mV 


unless the drive current 
is limited. 
For 


accurate 
conversions, 
VIN should 
not 


extend 
more than 50 mV beyond 
the 


supply voltages. 


• 


Pin Descriptions 
(Continued) 
Symbol 
Function 
GND (10) 
This is the power supply ground pin. The 
ground pin should be connected to a 
"clean" ground reference point. 


DBO-DB9 
These are the TRI-STATE output pins. 
(11-20) 


Functional Description 
The ADC1061 digitizes an analog input signal to 10 bits ac- 
curacy by performing two lower-resolution "flash" conver- 
sions. The first flash conversion provides the six most signif- 
icant bits (MSBs) of data, and the second flash conversion 
provides the four least significant bits (LSBs). 


Figure 3 is a simplified block diagram of the converter. Near 
the center of the diagram is a string of resistors. At the 
bottom of the string of resistors are 16 resistors, each of 
which has a value 1/1024th 
the resistance of the whole 
resistor string. These lower 16 resistors (the LSB Ladder) 
therefore have a voltage drop of 16/1024, 
or 1/64th 
of the 
total reference voltage (VREF+ - 
VREF-) 
across them. 
The remainder of the resistor string is made up of eight 
groups of eight resistors connected in series. These com- 
prise the MSB Ladder. Each section of the MSB Ladder 
has 118th of the total reference voltage across it, and each 
of the MSB resistors has 1/64th 
of the total reference volt- 
age across it. Tap points across all of these resistors can be 


8 


13/16 
1./16 


a: 
8 
.... 
co 
:5 12/16 I 
. 
I 
!Xl 
I 
I 
11/16 
I 
Vl 
./16 
I 
I 
::IE 
8 


9/16 
ffi 
2/16 


co 
8 
8... 
co 
a: 
7/16 
~ 
...• 
16/1024 
::IE 
iii... 


a: 
5/16 
... 
co 
16 
coj 


!Xl 
Vl 
...J 


3/16 
1/102. 


VREf- 


connected. in groups, to the sixteen comparators at the 
right of the diagram. 
On the left side of the diagram is a string of seven resistors 
connected between VREF+ - 
VREF-. Six comparators 
compare the input voltage with the tap voltages on the r~- 
sistor string to provide an estimate of the input voltage. ThiS 
estimate is then used to control the mUltiplexer that con- 
nects the MSB Ladder to the sixteen comparators on the 
right. Note that the comparators on the left needn't be very 
accurate; they simply provide an estimate of the input volt- 
age. Only the sixteen comparators on the right and the six 
on the left are necessary to perform the initial six-bit flash 
conversion, instead of the 64 comparators that would be 
required using conventional half-flash methods. 
To perform a conversion, the estimator compares the input 
voltage with the tap voltages on the seven resistors on the 
left. The estimator decoder then determines which MSB 
Ladder tap points will be connected to the sixteen compara- 
tors on the right. For example, assume that the estimator 
determines that VIN is between 11/16 
and 13/16 
of VREF. 


The estimator decoder will instruct the comparator mux to 
connect the 16 comparators to the taps on the MSB Ladder 
between 10/16 
and 14/16 
of VREF. The 16 comparators 
will then perform the first flash conversion. Note that since 
the comparators are connected to Ladder voltages that ex- 
tend beyond the range indicated by the estimator circuit, 
errors in the estimator as large as 'A. of the reference volt- 
age (64 LSBs) will be corrected. This first flash conversion 
produces the six most significant bits of data. 


Functional Description 
(Continued) 
The remaining four LSBs may now be determined using the 
same sixteen comparators that were used for the first flash 
conversion. The MSB Ladder tap voltage just below the in- 
put voltage (as determined by the first flash) is subtracted 
from the input voltage and compared with the tap points on 
the sixteen LSB Ladder resistors. The result of this second 
flash conversion is then decoded, and the full 10-bit result is 
latched. 
Note that the sixteen comparators used in the first flash 
conversion are reused for the second flash. Thus, the half- 
flash conversion techniques used in the ADC1061 needs 
only a small fraction of the number of comparators that 
would be required for a traditional flash converter, and far 
fewer than would be used in a conventional half-flash ap- 
proach. This allows the ADC1061 to perform high-speed 
conversions without excessive power drain. 


Applications 
Information 


1.0 Modes of Operation 
The ADC1061 has two basic digital interface modes. These 
are illustrated in Figure 
1 and Figure 2. 


MODE 1 
In this mode, the S/H pin controls the start of conversion. 
S/H is pulled low for a minimum of 250 ns. This causes the 
comparators in the "coarse" flash converter to become ac- 
tive. When S/H goes high, the result of the coarse conver- 
sion is latched and the "fine" conversion begins. After ap- 
proximately 1.2 J.Ls(1.8 J.Lsmaximum),1NT goes low, indicat- 
ing that the conversion results are latched and can be read 
by pulling RD low. Note that CS must be low to enable S/H 
or RD. CS is internally "ANDed" with the sample and read 
control signals; the input voltage is sampled when CS and 
8/H are low, and is read when CS and RD are low. 


MODE 2 
In Mode 2, also called "RD mode", the S/H and AD pins 
are tied together. A conversion is initiated by pulling both 
pins low. The ADC1061 samples the input voltage and 
causes the coarse comparators to become active. An inter- 
nal timer then terminates the coarse conversion and begins 
the fine conversion. 
About 1.8 J.Ls(2.4 J.Lsmaximum) after S/H 
and RD are 


pulled low, INT goes low, indicating that the conversion is 
complete. Approximately 20 ns later the data appearing on 
the TRI-STATE output pins will be valid. Note that data will 
appear on these pins throughout the conversion, but will be 
valid only after INT goes low. 


DVec 


+ 


10J'y.1J'F 
~.lJ'F 


TL/H/l0559-14 


FIGURE 4. Typical connection. 
Note the multiple bypass capacitors on the reference 
and power supply pins. If VREF- is not grounded, it should also be bypassed to 
ground using multiple capacitors (see 5.0 "Power Supply Considerations"). 


2.0 Reference 
Considerations 
The ADC1061 has two reference inputs. These inputs, 
VREF+ and VREF-, are fully differential and define the zero 
to full-scale range of the input signal. The reference inputs 
can be connected to span the entire supply voltage range 
(VREF- = OV,VREF+ = Vccl for ratiometric applications, 
or they can be connected to different voltages (as long as 
they are between ground and Vcc) when other input spans 
are required. Reducing the overall VREFspan to less than 
5V increases the sensitivity of the converter (e.g., if VREF= 
2V, then 1LSB = 1.953 mY). Note, however, that linearity 
and offset errors become larger when lower reference volt- 
ages are used. See the Typical Performance Curves for 
more information. Reference voltages less than 2V are not 
recommended. 


In most applications, VREF- will simply be connected to 
ground, but it is often useful to have an input span that is 
offset from ground. This situation is easily accommodated 
by the 
reference configuration used in the ADC1061. 


VREF- can be connected to a voltage other than ground as 
long as the reference for this pin is capable of sinking cur- 
rent. If VREF- is connected to a voltage other than ground, 
bypass it with multiple capacitors. 


Since the resistance between the two reference inputs can 
be as low as 4000., the voltage source driving the reference 
inputs should have low output impedance. Any noise on ei- 
ther reference input is a potential cause of conversion er- 
rors, so each of these pins must be supplied with a clean, 
low noise voltage source. Each reference pin should nor- 
mally be bypassed with a 10 JoLFtantalum and a 0.1 JoLF 
ceramic capacitor. More bypassing may be necessary in 
some systems. 
The choice of reference voltage source will depend on the 
requirements of the system. In ratiometric data acquisition 
systems with a power supply-referenced sensor, the refer- 
ence inputs are normally connected to Vcc and GND, and 
no reference other than the power supply is necessary. In 
absolute measurement systems requiring 10-bit accuracy, a 
reference with better than 0.1% accuracy will be necessary. 


3.0 The Analog Input 
The ADC1061 samples the analog input voltage once every 
conversion cycle. When this happens, the input is briefly 
connected to an impedance approximately equal to 6000. in 
series with 35 pF. Short-duration current spikes can there- 
fore be observed at the analog input during normal opera- 
tion. These spikes are normal and do not degrade the con- 
vertor's performance. 


Note that large source impedances can slow the charging of 
the sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 5000. should be used if rated accuracy is to be 


achieved at the minimum sample time. If the sampling time 
is increased, the source impedance can be larger. If a signal 
source has a high output impedance, its output should be 
buffered with an operational amplifier. The operational am- 
plifier's output should be well-behaved when driving a 
switched 35 pF/6000. load. Any ringing or voltage shifts at 
the op amp's output during the sampling period can result in 
conversion errors. 
Correct conversion results will be obtained for input volt- 
ages greater than GND - 
50 mV and less than V+ 
+ 
50 mY. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than AVec and DVcc, or 
more than 300 mV lower than GND. If the analog input pin is 
forced beyond these voltages, the current flowing through 
the pin should be limited to 5 mA or less to avoid permanent 
damage to the ADC1061. 


4.0 Inherent Sample-and-Hold 


Because the ADCl 061 samples the input signal once during 
each conversion, it is capable of measuring relatively fast 
input signals without the help of an external sample-hold. In 
a conventional successive-approximation AID 
converter, 


regardless of speed, the input signal must be stable to bet- 
ter than ± % LSB during each conversion cycle or signifi- 
cant errors will result. Consequently, even for many relative- 
ly slow input signals, the signals must be externally sampled 
and held constant during each conversion. 
The ADC1061 can perform accurate conversions of input 
signals at frequencies from DC to greater than 160 kHz 
without the need for external sampling circuitry. 


5.0 Power Supply Considerations 
The ADCl 061 is designed to operate from a +5V (nominal) 
power supply. There are two supply pins, AVec and DVcc. 
These pins allow separate external bypass capacitors for 
the analog and digital portions of the circuit. To guarantee 
accurate conversions, the two supply pins should be con- 
nected to the same voltage source, and each should be 
bypassed with a 0.1 JoLFceramic capacitor in parallel with a 
10 JoLFtantalum capacitor. Depending on the circuit board 
layout and other system considerations, more bypassing 
may be necessary. 
It is important to ensure that none of the ADCl 061's input or 
output pins are ever driven to a voltage more than 300 mV 
above AVec and DVcc, or more than 300 mV below GND.lf 
these voltage limits are exceeded, the overdrive current into 
or out of any pin on the ADC1061 must be limited to less 
than 5 mA, and no more than 20 mA of overdrive current (all 
overdriven pins combined) should flow. In systems with mul- 
tiple power supplies, this may require careful attention to 
power supply sequencing. The ADC1061's power supply 
pins should be at the proper voltage before signals are ap- 
plied to any of the other pins. 


6.0 Layout and Grounding 
In order to ensure fast, accurate conversions from the 
ADC1061, it is necessary to use appropriate circuit board 
layout techniques. The analog ground return path should be 
low-impedance and free of noise from other parts of the 
system. Noise from digital circuitry can be especially trou- 
blesome. so digital grounds should always be separate from 
analog grounds. For best performance, separate ground 
planes should be provided for the digital and analog parts of 
the system. 


All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter's 
input 
should be connected to a very clean ground return point. 
Grounding the component at the wrong point will result in 
reduced conversion accuracy. 
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ADC 10061/ ADC 10062/ ADC 10064 10-Bit 600 ns 
A/D Converter with Input Multiplexer and Sample/Hold 


General Description 
Using an innovative, patented multistep' conversion tech- 
nique, the 10-bit ADC10061, ADC10062, and ADC10064 
CMOS analog-to-digital converters offer sub-microsecond 
conversion times yet dissipate a maximum of only 235 mW. 
The ADC10061, ADC10062, and ADC10064 perform a 
10-bit conversion in two lower-resolution "flashes", 
thus 


yielding a fast AID without the cost, power dissipation, and 
other problems associated with true flash approaches. The 
ADC10061 is pin-compatible with the ADC1061 but much 
faster, thus providing a convenient upgrade path for the 
ADC1061. 
The analog input voltage to the ADCl 0061, ADC10062, and 
ADC10064 is sampled and held by an internal sampling cir- 
cuit. Input signals at frequencies from de to over 200 kHz 
can therefore be digitized accurately without the need for an 
external sample-and-hold circuit. 


The ADC10062 and ADC10064 include a "speed-up" pin. 
Connecting an external resistor between this pin and ground 
reduces the typical conversion time to as little as 350 ns 
with only a small increase in linearity error. 


For ease of interface to microprocessors, the ADC10061, 
ADC10062, and ADC10064 have been designed to appear 
as a memory location or 1/0 port without the need for exter- 
nal interface logic. 


Features 
• 
Built-in sample-and-hold 
• 
Single +5V supply 
• 
1, 2, or 4-input multiplexer options 
• 
No external clock required 
• 
Speed adjust pin for faster conversions (ADC10062 and 
ADC10064). See ADC10662/4 
for high speed guaran- 


teed performance. 


Key Specifications 
• 
Conversion time to 10 bits 
600 ns typical, 


900 ns max over temperature 
800 kHz 


235 mW (max) 


± 1.0 LSB (max) 


• 
Sampling Rate 
• 
Low power dissipation 
• 
Total unadjusted error 
• 
No missing codes over temperature 


Applications 
• 
Digital signal processor front ends 
• 
Instrumentation 
• 
Disk drives 
• 
Mobile telecommunications 


Industrial 
(- 
40"C 
:S: TA :S: +8S'C) 
Package 


ADC10061BIN, ADC10061CIN 
N20A Molded DIP 


ADC10061BIWM, ADC10061CIWM 
M20B Small Outline 


Military (-SS'C 
:S: TA:S: + 125'C) 


ADCl 0061CMJ/883 


Package 


J20ACerdip 


Industrial 
( - 40"C 
:S: TA :S: +8S'C) 
Package 


ADCl 0062BIN, ADCl 0062CIN 
N24A Molded DIP 


ADCl 0062BIWM, ADCl 0062CIWM 
M24B Small Outline 


Military 
(- SS'C :S: TA:S: + 12S'C) 


ADC10062CMJ/883 


Package 


J24ACerdip 


Industrial 
( - 40"C 
:S: TA :S: +8S'C) 
Package 


ADC10064BIN, ADC10064CIN 
N28B Molded DIP 


ADCl 0064BIWM, ADCl 0064CIWM 
M28B Small Outline 


Military (-SS'C 
:S: TA:S: + 12S'C) 


ADC10064CMJ/883 


Package 


J28A Cerdip 


Absolute Maximum Ratings 
(Notes 
1, 2) 
Operating Ratings 
(Notes 
1, 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Temperature 
Range 
TMIN ~ TA ~ TMAX 
please 
contact 
the 
National 
semiconductor 
sales 
ADC10061 
BIN, ADC10061BIWM, 
Office/Distributors 
for 
availability 
and 
specifications. 
ADC10061CIN, 
ADC1 0061 CIWM, 


Supply Voltage 
(V+ = AVee = DVed 
-0.3Vto 
+6V 
ADC10062BIN, 
ADC10062BIWM, 


Voltage 
at Any Input or Output 
-0.3VtoV+ 
+ 0.3V 
ADC10062CIN, 
ADC10062CIWM, 
ADC10064BIN, 
ADC10064BIWM, 
Input Current 
at Any Pin (Note 3) 
5mA 
ADC10064CIN, 
Package 
Input Current 
(Note 3) 
20mA 
ADC10064CIWM 
-40·C 
~ TA ~ 
+85·C 


Power Dissipation 
(Note 4) 
875mW 
ADC1 0061 CMJ/883, 
ADC10062CMJ/883, 


ESD Susceptability 
(Note 5) 
2000V 
ADC10064CMJ/883 
-55·C 
~ TA ~ 
+ 125·C 


Soldering 
Information 
(Note 
6) 
Supply Voltage 
Range 
4.5Vt05.5V 


N Package 
(10 See) 
260·C 


J Package 
(10 See) 
300·C 


SO Package: 
Vapor Phase (60 See) 
215·C 


Infrared 
(15 See) 
220·C 


Storage 
Temperature 
Range 
-65·C 
to + 150·C 


Junction 
Temperature 
1500C 


Converter Characteristics 
The following 
specifications 
apply 
for V+ 
= 
+5V, 
VREF(+) 
= 
+5V, 
VREF(-) 
= GND, 
and Speed 
Adjust 
pin unconnected 
unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMln to T Max; all other 
limits TA = TJ = 
+ 25·C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
7) 
(Notes 
8, 10) 
(Limit) 


Resolution 
..." 
10 
Bits 


Integral 
Linearity 
Error 
BIN, BIWM Suffixes 
±0.6/±1.1 
LSB (max) 


CIN, CIWM, CMJ Suffixes 
±1.0/± 
1.5 
LSB (max) 


,'.' 
RSA = 18kfi 
±0.5 
LSB 


Offset 
Error 
±1 
LSB(max) 


Full-Scale 
Error 
, 
±1 
LSB(max) 


,- 


Total 
Unadjusted 
Error 
BIN, BIWM Suffixes 
±1.0/± 
1.5 
LSB(max) 


CIN, CIWM, CMJ Suffixes 
±1.5/±2.0 
LSB(max) 


All Suffixes, 
RSA = 18 kfi 
±0.5 
LSB 


Missing 
Codes 
0 
(max) 


Power Supply Sensitivity 
V+ = 5V ±5%, 
VREF = 4.5V 
±'j,6 
LSB 


V+ = 5V ±10%, 
VREF = 4.5V 
±% 
LSB (max) 


THO 
Total Harmonic 
Distortion 
fiN = 10 kHz, 4.85 Vp_p 
0.06 
% 


fiN = 160 kHz, 4.85 Vp_p 
0.08 
-, 
% 


SNR 
Signal-to-Noise 
Ratio 


. 


fiN = 10 kHz, 4.85 Vp_p 
61 
dB 


fiN = 160 kHz, 4.85 Vp_p 
60 
. 
dB 


Effective 
Number 
of Bits 
fiN = 10 kHz, 4.85 Vp_p 
9.6 
Bits 


fiN = 160 kHz, 4.85 Vp_p 
9.4 
Bits 


RREF 
Reference 
Resistance 
650 
400 
fi(min) 


RREF 
Reference 
Resistance 
650 
900 
fi(max) 


VREFI+) 
VREF(+) 
Input Voltage 
Y+ 
+ 0.05 
V (max) 


VREF(-) 
VREF(-l'nputVoltage 
GND 
- 
0.05 
V (min) 


VREF(+) 
VREF(+) 
Input Voltage 
YREF(-) 
V (min) 


VREF(-) 
VREF( -) 
Input Voltage 
YREF(+) 
V (max) 


VIN 
Input Voltage 
Y+ 
+ 0.05 
V (max) 


VIN 
Input Voltage 
GND 
- 
0.05 
V (min) 


OFF Channel 
Input Leakage 
Current 
CS = V+, 
VIN = V+ 
0.01 
3 
IJ-A(max) 


ON Channel 
Input Leakage 
Current 
CS = V+, 
VIN = V+ 
±1 
-3 
IJ-A(max) 


II 


DC Electrical Characteristics 
The following specifications apply for V+ = +SV, VREF(+) = SVVREF(-) = GND, and Speed Adjust pin unconnected unless 
otherwise specified. Boldface limits apply for TA = TJ = TMINto TMAX;all other limits TA = TJ = 
+ 2S'C. 


Conditions 
Typical 
Limit 
Units 
Symbol 
Parameter 
(Note 7) 
(Notes 8, 10) 
(Limits) 


VIN(l) 
Logical "1" Input Voltage 
V+ = S.SV 
2.0 
V (min) 


VIN(O) 
Logical "0" Input Voltage 
V+ = 4.SV 
0.8 
V (max) 


IIN(l) 
Logical "1" Input Current 
VIN(l) = SV 
O.OOS 
3.0 
p.A(max) 


IIN(O) 
Logical "0" Input Current 
VIN(O)OV 
-O.OOS 
-3.0 
",A (max) 


VOUT(l) 
Logical "1" Output Voltage 
V+ = 4.SV, lOUT= -360 ",A 
2.4 
V (min) 


V+ = 4.SV,lOUT= -10 ",A 
4.25 
V (min) 


VOUT(O) 
Logical "0" Output Voltage 
V+ = 4.SV,lOUT= 1.6 mA 
0.4 
V (max) 


lOUT 
TRI-STATE<II> 
Output Current 
VOUT= SV 
0.1 
50 
",A (max) 
VOUT= OV 
-0.1 
-50 
p.A(max) 


Dlcc 
DVee Supply Current 
cg = S/H = RD = 0, RSA= 
00 
1.0 
2 
mA(max) 


cg = S/H = RD = 0, RSA= 18 kfi 
1.0 
mA(max) 


Alec 
AVec Supply Current 
cg = S/H = RD = 0, RSA = 
00 
30 
45 
mA(max) 


cg = S/H = RD = 0, RSA= 18 kfi 
30 
mA(max) 


AC Electrical Characteristics 
The following specifications apply for V+ 
= +SV, tr = tf = 20 ns, VREF(+) = SV, VREF(-) = GND, and Speed Adjust pin 


unconnected unless otherwise specified. Boldface limits apply for TA = TJ = TMIN to TMAX; all other limits TA = TJ = 
+2S'C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 7) 
(Notes 8, 10) 
(Limits) 


teONV 
Mode 1 Conversion Time 
BIN, BIWM, CIN, 
from Rising Edge of S/H 
CIWM Suffixes 
600 
7S0/QOO 
ns(max) 
to Falling Edge of INT 
CMJ Suffixes 
600 
1000 
ns(max) 


RSA= 18k 
37S 
ns 


teRD 
Mode 2 Conversion Time 
BIN, BIWM, CIN, 
CIWM Suffixes 
8S0 
1400 
ns(max) 


CMJ Suffixes 
8S0 
1500 
ns(max) 


Mode 2, RSA = 18k 
S30 
ns 


tACCl 
Access Time (Delay from Falling 
Mode 1; CL = 100 pF 
30 
60 
ns(max) 
Edge of RD to Output Valid) 


tACC2 
Access Time (Delay from Falling 
Mode 2; CL = 100 pF 
900 
teRD + 50 
ns(max) 
Edge of RD to Output Valid) 


tSH 
Minimum Sample Time 
(Figure 
1); (Note 9) 
250 
ns(max) 


tlH. toH 
TRI-STATE Control (Delay 
RL= 
1k,CL= 
10pF 


from Rising Edge of RD 
30 
60 
ns(max) 


to High-Z State) 


tlNTH 
Delay from Rising Edge of AD 
CL = 100pF 
2S 
50 
ns (max) 
to Rising Edge of INT 


tp 
Delay from End of Conversion 
50 
ns (max) 
to Next Conversion 


AC Electrical Characteristics 
(Continued) 


The following 
specifications 
apply 
for V+ 
= 
+5V, 
tr = tf = 20 ns, VREF(+) 
= 5V, VREF(-) 
= GND, and Speed 
Adjust 
pin 
unconnected 
unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits 
TA = TJ = 


+25°C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
7) 
(Note 
8) 
(Umlts) 


tMS 
Multiplexer 
Control 
Setup Time 
10 
75 
ns(max) 


tMH 
Multiplexer 
Hold Time 
10 
40 
ns(max) 


CVIN 
Analog 
Input Capacitance 
35 
pF(max) 


COUT 
Logic Output 
Capacitance 
5 
pF(max) 


CIN 
Logic Input Capacitance 
5 
pF(max) 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional. 
These ratings do not guarantee specific performance 
limits, however. For guaranteed 
specifications 
and test conditions. 
see the Electrical Characteris· 


tics. The guaranteed 
specffications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated 
under 
the listed test conditons. 


Note 2: All voltages 
are measured with respect to GND, unless otherwise 
specified. 


Note 3:Whenthe inputvoltage(VIN) at anypinexceedsthe powersupplyrails(VIN < GNDor VIN > V+) the absolutevalueof currentat that pinshouldbe Iim~ed 
to 5 mA or less. The 20 mA package input current limits the num~r 
of pins that can safely exceed the power supplies with an input current of 5 mA to four. 


Note 4: The maximum power dissipation must be derated at elevated temperatures 
and is dictated by TJMAX. 8JA and the ambient temperature, 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is Po = (TJMAX - 
TpJ/8JA or the number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. In most 
cases, the maximum derated power dissipation 
will be reached only during fault conditions. 
For these devices, TJMAX for a board-mounted 
device can be found 
from the tables below: 


Suffix 
8JArC/W) 


GMJ 
54 


BIN,GIN 
70 


BIWM,GIWM 
85 


Suffix 
8JArC/Wj 


GMJ 
48 


BIN,GIN 
60 


BIWM,GIWM 
82 


Suffix 
8JArC/Wj 


GMJ 
44 


BIN,GIN 
53 


BIWM,GIWM 
78 


Note 5: Humenbody model,100pF dischargedthrougha 1.5kn resistor. 


Note 
6: See AN-450 
"Surface 
Mounting 
Methods 
and Their Effect 
on Product 
Reliability" 
or the section 
titled 
"Surface 
Mount" 
found 
in a current 
Nattonal 
Semiconductor 
Unear Data Book for other methods of soldering surface mount devices. 


Note 7: Typicals are at +25°C and represent 
must likely parametric 
norm. 


Note 8: Limitsare guarenteedto National'sAOQL(AverageOutgoingQualityLevel). 


Note 9: Accuracy 
may degrade if tSH is shorter than the value specified. 
See curves of Accuracy vs tSH. 


Note 10: A military RETS electrical test specificetion is evailable on request. At time of printing, the AOC10061CMJ/883,AOC10062CMJ/883,and 
AOC10064CMJ/883RETSspecificationcompliesfully withthe boldface limitsin this column. 
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FIGURE 2. Mode 2 (RD Mode). The conversion time (tCRO)Includes the 
sampling time and Is determined by the Internal timer. 
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Pin Descriptions 


DVcc, 
AVec 
These 
are the digital and analog 
positive 
sup- 
ply 
voltage 
inputs. 
They 
should 
always 
be 
connected 
to the 
same 
voltage 
source. 
but 
are brought 
out separately 
to allow 
for sepa- 


rate 
bypass 
capacitors. 
Each 
supply 
pin 
should 
be bypassed 
with 
a 0.1 
",F ceramic 
capacitor 
in parallel 
with 
a 10 ",F tantalum 
capacitor 
to ground. 


INT 
This 
is the 
active 
low 
interrupt 
output. 
INT 
goes low at the end of each conversion, 
and 
returns 
to 
a high 
state 
following 
the 
rising 
edge of AD. 


~/H 
This is the Sample/Hold 
control 
input. When 
this pin is forced 
low (and es is low). it caus- 
es the analog 
input signal to be sampled 
and 
initiates 
a new conversion. 
AD 
This 
is the 
active 
low 
Read 
control 
input. 


When this RD and es are low, any data pres- 
ent in the output 
registers 
will be placed 
on 
the data bus. 


es 
This is the active 
low Chip Select 
control 
in- 
put. When 
low. this pin enables 
the 
RD and 
~/H 
pins. 


50,51 
On 
the 
multiple-input 
devices 
(ADC10062 
and ADC1 0064). these pins select the analog 
input that will be connected 
to the AID 
during 
the conversion. 
The input 
is selected 
based 
on the state 
of SO and 51 when ~/H 
makes 
its High-to-Low 
transition 
(See the Timing 
Di- 
agrams). 
The 
ADC10064 
includes 
both 
SO 
and 51. The ADC1 0062 includes 
just SO. and 
the ADC10061 
includes 
neither. 


These 
are the reference 
voltage 
inputs. 
They 


may be placed 
at any voltage 
between 
GND 
and 
Vcc. 
but VREF+ 
must 
be greater 
than 
VREF-. 
An 
input 
voltage 
equal 
to 
VREF- 


produces 
an output 
code 
of O. and an input 


voltage 
equal to (VREF+ 
- 
1 LSB) produces 


an output 
code of 1023. 


These 
are 
the 
analog 
input 
pins. 
The 


ADC10061 
has 
one 
input 
(VIN). 
the 


ADC10062 
has two 
inputs 
(VINO and 
VIN1), 


and 
the 
ADC10064 
has 
four 
inputs 
(VI NO, 


VIN1, VIN2 and VIN3). The impedance 
of the 


source 
should 
be less than 500n 
for best ac- 
curacy 
and 
conversion 
speed. 
For accurate 


conversions, 
no input 
pin (even 
one 
that 
is 


not 
selected) 
should 
be 
driven 
more 
than 


50 mV above 
Vcc 
or 50 mV below 
ground. 


GND, AGND, 
These 
are the power supply ground 
pins. The 


DGND 
ADC10061 
has a single 
ground 
pin 
(GND). 


and the ADC1 0062 and ADC1 0064 have sep- 
arate 
analog 
and digital 
ground 
pins 
(AGND 


and DGND) for separate 
bypassing 
of the an- 


alog 
and 
digital 
supplies. 
The 
ground 
pins 


should 
be connected 
to a stable, 
noise-free 


system 
ground. 
For 
the 
devices 
with 
two 


ground 
pins. both 
pins should 
be returned 
to 


the same potential. 


DBO-DB9 
These 
are the TRI-STATE 
output 
pins. 


SPEED ADJ 
(ADC10062 
and ADC10064 
only). This pin is 


normally 
left unconnected. 
but by connecting 


a resistor 
between 
this 
pin and 
ground, 
the 


conversion 
time 
can 
be 
reduced. 
See 
the 


Typical 
Performance 
Curves 
and the table 
of 


Electrical 
Characteristics. 


VrN, VINO, 
VrN1. VrN2, 
VIN3 


Functional Description 
The ADC10061, ADC10062 and ADC10064 digitize an ana- 
log input signal to 10 bits accuracy by performing two lower- 
resolution "flash" 
conversions. The first flash conversion 


provides the six most significant bits (MSBs) of data, and 
the second flash conversion provides the four least signifi- 
cant bits LSBs). 


Figure 3 is a simplified block diagram of the converter. Near 
the center of the diagram is a string of resistors. At the 
bottom of the string of resistors are 16 resistors, each of 
which has a value 1/1024 the resistance of the whole resis- 
tor string. These lower 16 resistors (the LSB Ladder) there- 
fore have a voltage drop of 16/1024, or 1/64 of the total 
reference voltage (VREF+ 
- 
VREF-) 
across them. The re- 
mainder of the resistor string is made up of eight groups of 
eight resistors connected in series. These comprise the 
MSB Ladder. 
Each section of the MSB Ladder has 'Ie of the 


total reference voltage across it, and each of the LSB resis- 
tors has 1/64 of the total reference voltage across it. Tap 
points across these resistors can be connected, in groups 
of six1een, to the six1een comparators at the right of the 
diagram. 
On the left side of the diagram is a string of seven resistors 
connected between VREF+ 
and VREF-. 
Six comparators 


compare the input voltage with the tap voltages on this re- 
sistor string to provide a low-resolution "estimate" of the 
input voltage. This estimate is then used to control the multi- 
plexer that connects the MSB Ladder to the six1eencom- 
parators on the right. Note that the comparators on the left 
needn't be very accurate; they simply provide an estimate of 
the input voltage. Only the six1eencomparators on the right 
and the six on the left are necessary to perform the initial 
six-bit flash conversion, instead of the 64 comparators that 
would be required using conventional half-flash methods. 


To perform a conversion, the estimator compares the input 
voltage with the tap voltages on the seven resistors on the 
left. The estimator decoder then determines which MSB 
Ladder tap points will be connected to the six1eencompara- 
tors on the right. For example, assume that the estimator 
determines that VIN is between 11/16 and 13/16 of VREF. 
The estimator decoder will instruct the comparator MUX to 
connect the 16 comparators to the taps on the MSB ladder 
between 10/16 and 14/16 of VREF. The 16 comparators will 
then perform the first flash conversion. Note that since the 
comparators are connected to ladder voltages that ex1end 
beyond the range indicated by the estimator circuit, errors in 
the estimator as large as 1/16 of the reference voltage 
(64 LSBs) will be corrected. This first flash conversion pro- 
duces the six most significant bits of data-four 
bits in the 


flash itself, and 2 bits in the estimator. 
The remaining four LSBs are now determined using the 
same six1eencomparators that were used for the first flash 
conversion. The MSB Ladder tap voltage just below the in- 
put voltage (as determined by the first flash) is subtracted 
from the input voltage and compared with the tap points on 
the six1eenLSB Ladder resistors. The result of this second, 
four-bit flash conversion is then decoded, and the full10-bit 
result is latched. 
Note that the six1een comparators used in the first flash 
conversion are reused for the second flash. Thus, the mul- 
tistep 
conversion 
technique 
used 
in 
the 
ADC10061, 


ADC10062, and ADC10064 needs only a small fraction of 
the number of comparators that would be required for a 
traditional flash converter, and far fewer than would be used 
in a conventional half-flash approach. This allows the 
ADC10061, ADC10062, and ADC10064 to perform high- 
speed conversions without excessive power drain. 
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Applications 
Information 


1.0 MODES 
OF OPERATION 


The ADC10061, 
ADC10062, 
and ADC10064 
have two basic 


digital 
interface 
modes. 
Figure 
1 and 
Figure 2 are timing 


diagrams 
for 
the 
two 
modes. 
The 
ADC10062 
and 


ADC10064 
have 
input 
multiplexers 
that 
are controlled 
by 


the 
logic 
levels 
on pins 
So and 
S1 when 
S/H 
goes 
low. 
Table 
I is a truth table showing 
how the input channneis 
are 


assigned. 


Mode 
1 


In this mode, 
the S/H 
pin controls 
the start 
of conversion. 
S/H 
is pulled 
low for a minimum 
of 250 ns. This causes 
the 


comparators 
in the "coarse" 
flash converter 
to become 
ac- 
tive. When 
S/H 
goes high, the result of the coarse 
conver- 
sion 
is latched 
and 
the 
"fine" 
conversion 
begins. 
After 


600 ns (typical), 
INT goes low, indicating 
that the conversion 


results 
are latched 
and can be read by pulling 
RD low. Note 


that CS must be low to enable 
S/H 
or RD. CS is internally 


"ANDed" 
with S/H 
and 
RD; the 
input 
voltage 
is sampled 


when CS and S/H 
are low, and data is read when CS and 


RD are low. INT is reset 
high on the rising edge of RD. 


TABLE 
I. Input 
Multiplexer 
Programming 


ADC10064 
ADC10062 


5, 
So 
Channel 


0 
0 
V'NO 


0 
1 
V,N1 


1 
0 
V,N2 


1 
1 
V,N3 


So 
Channel 


0 
V,NO 


1 
V,N1 


Mode 
2 


In Mode 
2, also 
called 
"RD 
mode", 
the S/H 
and RD pins 


are tied together. 
A conversion 
is initiated 
by pulling 
both 


pins low. The AID 
converter 
samples 
the input voltage 
and 


causes 
the coarse 
comparators 
to become 
active. 
An inter- 


nal timer then terminates 
the coarse 
conversion 
and begins 


the fine conversion. 
850 ns (typical) 
after S/H 
and RD are 


pull 
low, 
INT 
goes 
low, 
indicating 
that 
the 
conversion 
is 


completed. 
Approximately 
20 ns later the data appearing 
on 


the TRI-STATE 
output 
pins will be valid. 
Note that data will 


appear 
on these 
pins throughout 
the 
conversion, 
but until 


INT goes low the data at the output 
pins will be the result of 


the previous 
conversion. 


2.0 REFERENCE 
CONSIDERATIONS 


The ADC10061 
, ADC10062, 
and ADC10064 
each have two 


reference 
inputs. These 
inputs, VREF+ 
and VREF-, 
are fully 


differential 
and 
define 
the 
zero 
to full-scale 
range 
of the 


input signal. The reference 
inputs can be connected 
to span 


the entire 
supply 
voltage 
range 
(VREF- 
= OV, VREF+ 
= 
Vccl 
for ratiometric 
applications, 
or they can be connected 


to different 
voltages 
(as long as they are between 
ground 


and 
Vccl 
when 
other 
input 
spans 
are required. 
Reducing 


the overall 
VREF span to less than 5V increases 
the sensi- 


tivity 
of the converter 
(e.g., if VREF = 2V, then 
1 LSB = 


1.953 
mV). 
Note, 
however, 
that 
linearity 
and offset 
errors 


become 
larger 
when 
lower 
reference 
voltages 
are 
used. 


See the Typical 
Performance 
Curves 
for more 
information. 


For this 
reason, 
reference 
voltages 
less 
than 
2V are 
not 


recommended. 


In most 
applications, 
VREF- 
will 
simply 
be connected 
to 


ground, 
but it is often 
useful 
to have an input span 
that 
is 


offset 
from 
ground. 
This situation 
is easily 
accommodated 


by 
the 
reference 
configuration 
used 
in 
the 
ADC10061, 


ADC10062, 
and ADC10064. 
VREF- 
can be connected 
to a 


voltage 
other 
than 
ground 
as long 
as the 
voltage 
source 


connected 
to this pin is capable 
of sinking 
the converter's 


reference 
current 
(12.5 mA Max 
@ VREF = 5V). If VREF _ is 


connected 
to a voltage 
other 
than 
ground, 
bypass 
it with 


multiple 
capacitors. 


Since the resistance 
between 
the two reference 
inputs 
can 


be as low as 4000., the voltage 
source 
driving the reference 


inputs 
should 
have low output 
impedance. 
Any noise on ei- 


ther reference 
input 
is a potential 
cause 
of conversion 
er- 


rors, so each 
of these 
pins must be supplied 
with a clean, 
low noise voltage 
source. 
Each reference 
pin should 
be by- 


passed 
with a 10,..F 
tantalum 
and a 0.1 ,..F ceramic. 


3.0 THE ANALOG 
INPUT 


The ADC1 0061, ADC1 0062, and ADC1 0064 sample 
the an- 
alog input voltage 
once 
every 
conversion 
cycle. 
When 
this 


happens, 
the 
input 
is briefly 
connected 
to an impedance 


approximately 
equal to 6000. in series with 35 pF. Short-du- 


ration current 
spikes 
can therefore 
be observed 
at the ana- 


log input during 
normal 
operation. 
These 
spikes 
are normal 


and do not degrade 
the converter's 
performance. 


Large 
source 
impedances 
can 
slow 
the 
charging 
of 
the 


sampling 
capacitors 
and 
degrade 
conversion 
accuracy. 


Therefore, 
only signal sources 
with output 
impedances 
less 
than 
5000. 
should 
be 
used 
if 
rated 
accuracy 
is to 
be 


achieved 
at the minimum 
sample 
time (250 ns maximum). 
If 


the sampling 
time is increased, 
the source 
impedance 
can 


be larger. If a signal source 
has a high output 
impedance, 
its 


output 
should 
be buffered 
with an operational 
amplifier. 
The 


operational 
amplifier's 
output 
should 
be well-behaved 
when 


driving 
a switched 
35 pF/600nload. 
Any ringing 
or voltage 


shifts at the op amp's 
output 
during the sampling 
period can 
result in conversion 
errors. 


Correct 
conversion 
results 
will 
be obtained 
for 
input 
volt- 


ages 
greater 
than 
GND 
- 
50 mV and 
less 
than 
V+ 
+ 


50 mY. Do not allow 
the signal 
source 
to drive the analog 


input pin more than 300 mV higher than AVec 
and DVcc, 
or 


more than 300 mV lower than GND. If an analog 
input pin is 


forced 
beyond 
these 
voltages, 
the current 
flowing 
through 


the pin should 
be limited to 5 mA or less to avoid permanent 


damage 
to the IC. The sum of all the overdrive 
currents 
into 


all pins must be less than 20 mA. When 
the input signal 
is 


expected 
to extend 
more 
than 
300 
mV beyond 
the power 


supply 
limits, 
some 
sourt 
of protection 
scheme 
should 
be 


used. A simple 
network 
using diodes 
and resistors 
is shown 


in Figure 4. 


: 
V1N1 


: 
V1N2 


: 
V1N3 
.._---------. 
(Optional;••• text) 


DB9 (IlSB) 


DB7 


VREF+ 
+ 
0.1 J.'F 


10J.'~ 


17 


RSA 
(Optional;.ee text) 


TL/H/11020-15 


FIGURE 4. Typical Connection. Note the multiple bypass capacitors on the reference and power supply pins. If VREF- 
Is not grounded, It should also be bypassed to analog ground using multiple capacitors (see 5.0 "Power Supply 
Considerations"). 
AGND and DGND should be at the same potential. VINOis shown with an Input protection 
network. 


Pin 171s normally left open, but optional "speedup" 
resistor RSAcan be used to reduce the conversion time. 


4.0 INHERENT SAMPlE-AND-HOlD 


Because the ADC10061, ADC10062, and ADC10064 sam- 
ple the input signal once during each conversion, they are 
capable of measuring relatively fast input signals without the 
help of an external sample-hold. In a non-sampling succes- 
sive-approximation A/D converter, regardless of speed, the 
input signal must be stable to better than ± 1/2 LSB during 
each conversion cycle or significant errors will result. Con- 
sequently, even for many relatively slow input signals, the 
signals must be externally sampled and held constant dur- 
ing each conversion if a SAR with no internal sample-and- 
hold is used. 
Because they incorporate a direct sample/hold control in- 
put, the ADC10061, ADC10062, and ADC10064 are suitable 
for use in DSP-based systems. The 8/H 
input allows syn- 


chronization of the A/D converter to the DSPsystem's sam- 
pling rate and to other ADC10061s, ADC10062s, and 
ADC10064s. 
The ADC10061, ADC10062, and ADC10064 can perform 
accurate conversions of input signals with frequency com- 
ponents from DC to over 160 kHz. 


5.0 POWER SUPPLY CONSIDERATIONS 
The ADC10061, ADC10062, and ADC10064 are designed 
to operate from a +5V (nominal) power supply. There are 
two supply pins, AVec and DVcc. These pins allow sepa- 
rate external bypass capacitors for the analog and digital 
portions of the circuit. To guarantee accurate conversions, 
the two supply pins should be connected to the same volt- 
age source, and each should be bypassed with a 0.1 /'oF 
ceramic capacitor in parallel with a 10 /'oFtantalum capaci- 
tor. Depending on the circuit board layout and other system 
considerations, more bypassing may be necessary. 


The ADC10061 has a single ground pin, and the ADC10062 
and ADC10064 each have separate analog and digital 
ground pins for separate bypassing of the analog and digital 
supplies. The devices with separate analog and digital 
ground pins should have their ground pins connected to the 
same potential, and all grounds should be "clean" and free 
of noise. 
In systems with multiple power supplies, careful attention to 
power supply sequencing may be necessary to avoid over- 
driving inputs. The AID 
converter's 
power supply pins 
should be at the proper voltage before digital or analog sig- 
nals are applied to any of the other pins. 


6.0 LAYOUT AND GROUNDING 
In order to ensure fast, accurate conversions from the 
ADC10061, ADC10062, and ADC10064, it is necessary to 
use appropriate circuit board layout techniques. The analog 
ground return path should be low-impedance and free of 
noise from other parts of the system. Noise from digital cir- 
cuitry can be especially troublesome, so digital grounds 
should always be separate from analog grounds. For best 
performance, separate ground planes should be provided 
for the digital and analog parts of the system. 
All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter's 
input 


should be connected to a very clean ground return point. 
Grounding the component at the wrong point will result in 
reduced conversion accuracy. 


Applications 
Information 
(Continued) 


7.0 DYNAMIC 
PERFORMANCE 


Many applications 
require 
the AID converter 
to digitize 
AC 


signals, 
but conventional 
DC integral 
and differential 
nonlin- 


earity 
specifications 
don't 
accurately 
predict 
the AID con- 


verter's 
performance 
with 
AC input 
signals. 
The important 


specifications 
for 
AC 
applications 
reflect 
the 
converter's 


ability 
to digitize 
AC signals 
without 
significant 
spectral 
er- 
rors and without 
adding 
noise to the digitized 
signal. Dynam- 


ic characteristics 
such 
as signal-to-noise 
ratio 
(SNR) 
and 


total 
harmonic 
distortion 
(THO), 
are quantitative 
measures 


of this capability. 


An AID converter's 
AC performance 
can be measured 
us- 


ing 
Fast 
Fourier 
Transform 
(FFT) 
methods. 
A sinusoidal 
waveform 
is applied 
to the AID converter's 
input, 
and the 


transform 
is then 
performed 
on the digitized 
waveform. 
The 


resulting 
spectral 
plot might look like the ones shown 
in the 


typical 
performance 
curves. 
The 
large 
peak 
is the 
funda- 


mental 
frequency, 
and the noise and distortion 
components 


(if any are present) 
are visible 
above 
and below 
the funda- 


mental 
frequency. 
Harmonic 
distortion 
components 
appear 


at whole 
multiples 
of the input frequency. 
Their 
amplitudes 


are combined 
as the square 
root of the sum of the squares 


and 
compared 
to the 
fundamental 
amplitude 
to yield 
the 


THO specification. 
Typical 
values 
for THO are given 
in the 


table 
of Electrical 
Characteristics. 


Signal-to-noise 
ratio is the ratio of the amplitude 
at the fun- 
damental 
frequency 
to the rms value 
at all other 
frequen- 
cies, excluding 
any harmonic 
distortion 
components. 
Typical 


values 
are given 
in the 
Electrical 
Characteristics 
table. 
An 


alternative 
definition 
of signal-to-noise 
ratio includes 
the dis- 


tortion 
components 
along with the random 
noise 
to yield a 


signal-to-noise-plus-distortion 
ration, 
or S/(N 
+ D). 


The THO and noise 
performance 
of the AID converter 
will 


change 
with 
the 
frequency 
of the 
input 
signal, 
with 
more 


distortion 
and noise 
occurring 
at higher 
signal frequencies. 


One way of describing 
the AID's performance 
as a function 


of signal frequency 
is to make a plot of "effective 
bits" 
ver- 


sus frequency. 
An ideal AID converter 
with 
no linearity 
er- 


rors or self-generated 
noise will have a signal-to-noise 
ratio 


equal to (6.02n + 1.8) dB, where 
n is the resolution 
in bits 


of the AID converter. 
A real AID converter 
will have some 


amount 
of noise and distortion, 
and the effective 
bits can be 


found 
by: 


S/(N 
+ D) (dB) - 
1.8 


n (effective) 
= -------- 
6.02 


where 
S/(N 
+ D) is the ratio of signal to noise 
and distor- 


tion, which 
can vary with frequency. 


As an example, 
an ADC10061 
with a 5 Vp_p, 100 kHz sine 


wave 
input 
signal 
will typically 
have 
a signal-to-noise-plus- 


distortion 
ratio of 59.2 dB, which 
is equivalent 
to 9.53 effec- 


tive bits. As the input frequency 
increases, 
noise and distor- 


tion 
gradually 
increase, 
yielding 
a plot 
of effective 
bits or 


S/(N 
+ D) as shown 
in the typical 
performance 
curves. 


8.0 SPEED ADJUST 


In applications 
that 
require 
faster 
conversion 
times, 
the 


Speed 
Adjust 
pin (pin 14 on the ADC10062, 
pin 17 on the 


ADC10064) 
can 
significantly 
reduce 
the 
conversion 
time. 


The 
speed 
adjust 
pin is connected 
to an on-chip 
current 


source 
that 
determines 
the converter's 
internal 
timing. 
By 


connecting 
a resistor 
between 
the 
speed 
adjust 
pin 
and 


ground 
as shown 
in Figure 
4, the internal 
programming 
cur- 


rent is increased, 
which 
reduces 
the conversion 
time. As an 


example, 
an 18k resistor 
reduces 
the conversion 
time of a 


typical 
part from 
600 ns to 350 ns with no significant 
effect 


on linearity. 
Using 
smaller 
resistors 
to further 
decrease 
the 


conversion 
time 
is possible 
as well, 
although 
the 
linearity 


will begin to degrade 
somewhat 
(see curves). 
Note that the 


resistor 
value 
needed 
to obtain 
a given conversion 
time will 


vary from part to part, so this technique 
will generally 
require 


some 
"tweaking" 
to obtain 
satisfactory 
results. 


f}1National 
Semiconductor 


ADC 10461 / ADC 10462/ ADC 10464 10-Bit 600 ns 
A/D Converter with Input Multiplexer and Sample/Hold 


General Description 
Using an innovative, patented mUltistep' conversion tech- 
nique, the 10-bit ADC10461, ADC10462, and ADC10464 
CMOS analog-to-digital converters offer sub-microsecond 
conversion times yet dissipate a maximum of only 235 mW. 
The ADC10461, ADC10462, and ADC10464 perform a 
10-bit conversion in two lower-resolution "flashes", 
thus 


yielding a fast AID without the cost, power dissipation, and 
other problems associated with true flash approaches. Dy- 
namic 
performance 
(THD, 
SIN) 
is 
guaranteed. 
The 


ADC10461 is pin-compatible with the ADC1061 but much 
faster, thus providing a convenient upgrade path for the 
ADC1061. 


The analog input voltage to the ADC10461, ADC10462, and 
ADC10464 is sampled and held by an internal sampling cir- 
cuit. Input signals at frequencies from dc to over 200 kHz 
can therefore be digitized accurately without the need for an 
external sample-and-hold circuit. 


The ADC10462 and ADC10464 include a "speed-up" pin. 
Connecting an external resistor between this pin and ground 
reduces the typical conversion time to as little as 350 ns 
with only a small increase in linearity error. 
For ease of interface to microprocessors, the ADC10461, 
ADC10462, and ADC10464 have been designed to appear 
as a memory location or I/O port without the need for exter- 
nal interface logic. 


Features 
• 
Built-in sample-and-hold 
• 
Single +5V supply 
• 
1, 2, or 4-input mUltiplexeroptions 
• 
No external clock required 
• 
Speed adjust pin for faster conversions (ADC10462 and 
ADC10464) 


Key Specifications 
• 
Conversion time to 10 bits 
600 ns typical, 


900 ns max over temperature 


800 kHz 


235 mW (max) 
-60 
dB (max) 


• 
Sampling Rate 
• 
Low power dissipation 
• 
Total harmonic distortion (50 kHz) 
• 
No missing codes over temperature 


Applications 
• 
Digital signal processor front ends 
• 
Instrumentation 
• 
Disk drives 
• 
Mobile telecommunications 


Ordering Information 


ADC10461 


Industrial 
Package 
(-40'C ,;;TA ,;; +85'C) 


ADC10461CIN 
N20A Molded DIP 


ADC10461CIWM 
M20B Small Outline 


Industrial 
Package 
(-40'C 
,;;TA ,;; +85'C) 


ADC10462CIN 
N24A Molded DIP 


ADC10462CIWM 
M24B Small Outline 


Industrial 
Package 
(-40'C 
,;;TA ,;; +85'C) 


ADC10464CIN 
N28B Molded DIP 
ADC10464CIWM 
M28B Small Outline 


Absolute Maximum Ratings 
(Notes 
1, 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Storage 
Temperature 
Range 
-65·C 
to + 150·C 


please 
contact 
the 
National 
Semiconductor 
Sales 
Junction 
Temperature 
150·C 
Office/Distributors 
for 
availability 
and 
specifications. 


Supply Voltage 
(V+ = AVee = DVed 
-0.3Vto 
+6V 
Operating Ratings 
(Notes 
1, 2) 


Voltage 
at Any Input or Output 
-0.3VtoV+ 
+ 0.3V 
Temperature 
Range 
TMIN ,;; TA ,;; TMAX 


Input Current 
at Any Pin (Note 3) 
5mA 
ADC10461CIN, 
ADC10461CIWM, 


Package 
Input Current 
(Note 3) 
20mA 
ADC10462CIN. 
ADC10462CIWM, 


Power Dissipation 
(Note 4) 
875mW 
ADC10464CIN. 
ADC10464CIWM 
-40·C';; 
TA ,;; +85·C 
ESD Susceptability 
(Note 5) 
2000V 
Supply Voltage 
Range 
4.5Vto 
5.5V 
Soldering 
Information 
(Note 6) 
N Package 
(10 Sec) 
260·C 


SO Package: 
Vapor 
Phase (60 Sec) 
215·C 


Infrared 
(15 Sec) 
220·C 


Converter Characteristics 
The following 
specifications 
apply 
for V+ 
= 
+5V, 
VREF(+) 
= 
+5V, 
VREF(-) 
= GND, 
and Speed 
Adjust 
pin unconnected 
unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = T Mln to T Max; all other 
limits TA = TJ = 
+ 25·C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
7) 
(Note 
8) 
(Limit) 


Resolution 
. 
10 
Bits 


Integral 
Linearity 
Error 
RSA~18kO 
±0.5 
LSB 


Offset 
Error 
±1 
LSB (max) 


Full-Scale 
Error 
. 
'- 
'. - 
±1 
LSB (max) 


Total Unadjusted 
Error 
RSA~18kO 
±0.5 
LSB 


Missing 
Codes 
0 
(max) 


Power Supply Sensitivity 
V+ = 5V ±50f0, VREF = 4.5V 
±V,6 
LSB 


V+ = 5V ±100f0, VREF = 4.5V 
±'Ia 
LSB 


THD 
Total Harmonic 
Distortion 
fiN = 1 kHz, 4.85 Vp.p 
-68 
dB 


fiN = 50 kHz, 4.85 Vp.p 
-66 
-60 
dB (max) 


fiN = 100 kHz, 4.85 Vp.p 
-62 
dB 


fiN = 240 kHz, 4.85 Vp.p 
-58 
dB 


SNR 
Signal·to-Noise 
Ratio 
fiN = 1 kHz, 4.85 Vp.p 
61 
dB 


fiN = 50 kHz, 4.85 Vp.p 
60 
58 
dB (min) 


fiN = 100 kHz, 4.85 Vp.p 
60 
dB 


ENOB 
Effective 
Number 
of Bits 
fiN = 1 kHz, 4.85 Vp.p 
9.6 
Bits 


fiN = 50 kHz, 4.85 Vp.p 
9.5 
9 
Bits (min) 


RREF 
Reference 
Resistance 
650 
400 
o (min) 


RREF 
Reference 
Resistance 
650 
900 
o (max) 


VREF(+) 
VREF( +) Input Voltage 
Y+ 
+ 0.05 
V (max) 


VREF(-) 
VREF( -) 
Input Voltage 
GND 
- 
0.05 
V (min) 


VREF(+) 
VREF( +) Input Voltage 
YREF(-) 
V (min) 


VREF(-) 
VREF( -) 
Input Voltage 
YREF(+) 
V (max) 


VIN 
Input Voltage 
Y+ 
+ 0.05 
V (max) 


VIN 
Input Voltage 
GND 
- 
0.05 
V (min) 


OFF Channel 
Input Leakage 
Current 
~ 
= V+, 
VIN = V+ 
0.01 
3 
J.LA(max) 


ON Channel 
Input Leakage 
Current 
~ 
= V+, 
VIN = V+ 
±1 
-3 
J.LA(max) 


» 
DC Electrical Characteristics 
c0 
The following 
specifications 
apply for V+ 
= 
+5V, 
VREF(+) = 5V VREF(-) 
= GND, and Speed 
Adjust 
pin unconnected 
unless 
..•. 
0 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to T MAX; all other 
limits TA = TJ = 
+ 25'C. 
.. 
Q)..•. 
Typical 
Limit 
Units 
.•... 


Symbol 
Parameter 
Conditions 
» 
(Note 
7) 
(Note 
8) 
(Limits) 
C 


VIN(l) 
Logical 
"1" 
Input Voltage 
V+ = 5.5V 
2.0 
V (min) 
0 
..•. 
0 


VIN(O) 
Logical 
"0" 
Input Voltage 
V+ = 4.5V 
0.8 
V (max) .. 
Q)~ 


IIN(l) 
Logical 
"1" 
Input Current 
VIN(l) = 5V 
, 
0.005 
3.0 
/LA (max) 
.•...» 


'INIO) 
Logical 
"0" 
Input Current 
VIN(O) OV 
-0.005 
-3.0 
/LA (max) 
C0 


VOUT(l) 
Logical" 
1" Output 
Voltage 
V+ = 4.5V, lOUT = -360/LA 
2.4 
V (min) 
..•. 
0 
V+ = 4.5V, lOUT = -10/LA 
4.25 
V (min) 
.. 
Q) 


VOUTIO) 
Logical 
"0" 
Output Voltage 
V+ 
= 4.5V, lOUT = 1.6 mA 
V (max) .. 
0.4 


lOUT 
TRI-STA TEl> Output Current 
VOUT = 5V 
0.1 
50 
/LA (max) 


VOUT = OV 
-0.1 
-50 
/LA (max) 


Dice 
DVce Supply Current 
~ 
= ~/H 
= RD = 0, RSA = 
00 
1.0 
2 
mA(max) 


~ 
= ~/H 
= RD = 0, RSA = 18 kfl 
1.0 
mA(max) 


Alec 
AVcc 
Supply Current 
~ 
= ~/H 
= RD = 0, RSA = 
00 
30 
45 
mA(max) 


~ 
= ~/H 
= RD = 0, RSA = 18 kfl 
30 
mA(max) 


AC Electrical Characteristics 
The following 
specifications 
apply for V+ 
= 
+5V, 
t, = tf = 20 ns, VREF(+) 
= 5V, VREF(-) 
= GND, and Speed 
Adjust 
pin 
unconnected 
unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = T MIN to TMAX; all other 
limits 
TA = TJ = 
+ 25'C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
7) 
(Note 
8) 
(Limits) 


!coNV 
Mode 
1 Conversion 
Time 
CIN, 


from Rising Edge of ~/H 
CIWM Suffixes 
600 
750/900 
ns (max) 


to Falling Edge of INT 
RSA = 18k 
375 
ns 


tCRD 
Mode 2 Conversion 
Time 
CIN, 


CIWM Suffixes 
850 
1400 
ns(max) 


Mode 2, RSA = 18k 
530 
ns 


tACCl 
Access 
Time (Delay from Falling 
Mode 1; CL = 100 pF 
30 
80 
ns(max) 
Edge of RD to Output Valid) 


tAce2 
Access 
Time (Delay from Falling 
Mode 2; CL = 100 pF 
900 
'cRD + 50 
ns (max) 
Edge of AD to Output Valid) 


tSH 
Minimum 
Sample 
Time 
(Figure 
1); (Note 9) 
250 
ns(max) 


tlH, toH 
TRI-STATE 
Control 
(Delay 
RL = lk,CL 
= 10pF 


from Rising Edge of RD 
30 
80 
ns(max) 


to High-Z State) 


tlNTH 
Delay from Rising Edge of RD 
CL = 100 pF 


to Rising Edge of INT 
25 
50 
ns (max) 


tp 
Delay from End of Conversion 
50 
ns(max) 
to Next Conversion 


AC Electrical 
Characteristics 
(Continued) 
The following 
specifications 
apply for V+ 
= +SV, 
tr = tf = 20 ns. VREF(+) 
= SV. VREF(-) 
= GND. 
and Speed 
Adjust 
pin 
unconnected 
unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 


+ 25·C. (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
limit 
Units 


{Note 
7) 
(Note 
8) 
(Limits) 


tMS 
Multiplexer 
Control 
Setup Time 
10 
75 
ns{max) 


tMH 
Multiplexer 
Hold Time 
10 
40 
ns{max) 


CVIN 
Analog 
Input Capacitance 
35 
pF{max) 


COUT 
Logic Output Capacitance 
5 
pF{max) 


CIN 
Logic Input Capacitance 
5 
pF (max) 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 


functional. 
These ratings do not guarantee specific performance 
limits, however. For guaranteed 
specifications 
and test conditions, 
see the E~trical 
Characteris- 


tics. The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated under 
the listed t8St conditons. 


Note 
2: All voltages are measured with respect to GND. unless otherwise 
specified. 


Note 3: When the input voltage (V,N) at any pin exceeds the power supply rails (V,N < GND or V,N > V+) the absolute value of current at that pin should be limjted 
to 5 mA or less. The 20 mA package input current limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 


Note 4: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJMAX, 8JA and the ambient temperature, 
TA. The maximum 


allowable 
power dissipation 
at any temperature 
is Po = (TJMAX - 
T/JJ18JA or the number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. In most 


cases, the maximum derated power dissipation 
will be reached only during fault conditions. 
For these devices, TJMAX for a board-mounted 
device can be found 
from the tables below: 


Suffix 
8JA('C/W) 


GIN 
70 


GIWM 
85 


Suffix 
8JArC/W) 


GIN 
60 


GIWM 
82 


Suffix 
8JA rC/W) 


GIN 
53 


GIWM 
78 


Note 5: Human body model, 100 pF discharged 
through a 1.5 kfl resistor. 


Note 6: See AN-450 
"Surface 
Mounting 
Methods 
and Their Effect 
on Product 
Reliability" 
or the section 
titled 
"Surface 
Mount" 
found 
in a current 
National 


Semiconductor 
Linear Data Book for other methods of soldering surface mount devices. 


Note 7: Typicals represent 
most likely parametric 
norm. 


Note 8: Umits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 9': Accuracy 
may degrade if tSH is shorter than the value specified. 
See curves of Accuracy vs tSH. 


Typical Performance 
Characteristics 
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FIGURE 2. Mode 2 (RD Mode). The conversion time (teRO)Includes the 
sampling time and Is determined by the Internal timer. 
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Pin Descriptions 
DVcc, AVec 
These are the digital and analog positive sup- 
ply voltage inputs. They should always be 
connected to the same voltage source, but 
are brought out separately to allow for sepa- 
rate 
bypass capacitors. 
Each supply pin 


should be bypassed with a 0.1 fLF ceramic 
capacitor in parallel with a 10 fLF tantalum 
capacitor to ground. 
INT 
This is the active low interrupt output. INT 
goes low at the end of each conversion, and 
returns to a high state following the rising 
edge of RD. 
5/H 
This is the Sample/Hold control input. When 
this pin is forced low (and CS is low), it caus- 
es the analog input signal to be sampled and 
initiates a new conversion. 
RD 
This is the active low Read control input. 
When this RD and CS are low, any data pres- 
ent in the output registers will be placed on 
the data bus. 


es 
This is the active low Chip Select control in- 
put. When low, this pin enables the RD and 
5/H pins. 


SO,S1 
On the 
multiple-input devices (ADC10462 


and ADC10464), these pins select the analog 
input that will be connected to the AID during 
the conversion. The input is selected based 
on the state of SOand S1 when 5/H makes 
its High-to-Low transition (See the Timing Di- 
agrams). The ADC10464 includes both SO 
and S1. The ADC10462 includes just SO,and 
the ADC10461 includes neither. 
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Top View 


These are the reference voltage inputs. They 
may be placed at any voltage between GND 
and Vcc, but VREF+ must be greater than 
VREF-. An input voltage equal to VREF- 
produces an output code of 0, and an input 
voltage equal to (VREF+ - 
1 LSB) produces 


an output code of 1023. 
These 
are 
the 
analog 
input 
pins. 
The 


ADC10461 
has 
one 
input 
(VIN), 
the 


ADC10462 has two inputs (VINOand VIN1), 
and the ADC10464 has four inputs (VINO, 
VIN1,VIN2and VIN3)' The impedance of the 
source should be less than 500n for best ac- 
curacy and conversion speed. For accurate 
conversions, no input pin (even one that is 
not selected) should be driven more than 
50 mV above Vcc or 50 mV below ground. 


GND, AGND, These are the power supply ground pins. The 
DGND 
ADC10461 has a single ground pin (GND), 
and the ADC10462 and ADC10464 have sep- 
arate analog and digital ground pins (AGND 
and DGND) for separate bypassing of the an- 
alog and digital supplies. The ground pins 
should be connected to a stable, noise-free 
system ground. For the devices with two 
ground pins, both pins should be returned to 
the same potential. 


DBO-DB9 
These are the TRI-STATE output pins. 


SPEEDADJ 
(ADC10462 and ADC10464 only). This pin is 
normally left unconnected, but by connecting 
a resistor between this pin and ground, the 
conversion time can be reduced. See the 
Typical Performance Curves and the table of 
Electrical Characteristics. 


VIN, VINO, 
VIN1,VIN2, 
VIN3 


provlces me SIX most significant bits (MSBs) of data, and 
the second flash conversion provides the four least signifi- 
cant bits lSBs). 


Figure 3is a simplified block diagram of the converter. Near 
the center of the diagram is a string of resistors. At the 
bottom of the string of resistors are 16 resistors, each of 
which has a value 1/1024 the resistance of the whole resis- 
tor string. These lower 16 resistors (the lSB 
Ladder) there- 
fore have a voltage drop of 16/1024, or 1/64 of the total 
reference voltage (VREF+ 
- 
VREF-) 
across them. The re- 
mainder of the resistor string is made up of eight groups of 
eight resistors connected in series. These comprise the 
MSB Ladder. Each section of the MSB ladder has 'Is of the 
total reference voltage across it, and each of the lSB resis- 
tors has 1/64 of the total reference voltage across it. Tap 
points across these resistors can be connected, in groups 
of six1een, to the six1een comparators at the right of the 
diagram. 
On the left side of the diagram is a string of seven resistors 
connected between VREF+ 
and VREF-. 
Six comparators 
compare the input voltage with the tap voltages on this re- 
sistor string to provide a low-resolution "estimate" of the 
input voltage. This estimate is then used to control the multi- 
plexer that connects the MSB ladder to the six1eencom- 
parators on the right. Note that the comparators on the left 
needn't be very accurate; they simply provide an estimate of 
the input voltage. Only the six1eencomparators on the right 
and the six on the left are necessary to perform the initial 
six-bit flash conversion, instead of the 64 comparators that 
would be required using conventional half-flash methods. 


ladder tap points will be connected to the six1eencompara- 
tors on the right. For example, assume that the estimator 
determines that VIN is between 11/16 and 13/16 of VAEF. 
The estimator decoder will instruct the comparator MUX to 
connect the 16 comparators to the taps on the MSB ladder 
between 10/16 and 14/16 of VAEF. The 16 comparators will 
then perform the first flash conversion. Note that since the 
comparators are connected to ladder voltages that ex1end 
beyond the range indicated by the estimator circuit, errors in 
the estimator as large as 1/16 of the reference voltage 
(64 lSBs) will be corrected. This first flash conversion pro- 
duces the six most significant bits of data-four 
bits in the 
flash itself, and 2 bits in the estimator. 
The remaining four lSBs 
are now determined using the 
same six1eencomparators that were used for the first flash 
conversion. The MSB ladder tap voltage just below the in- 
put voltage (as determined by the first flash) is subtracted 
from the input voltage and compared with the tap points on 
the six1eenlSB ladder resistors. The result of this second, 
four-bit flash conversion is then decoded, and the full10-bit 
result is latched. 
Note that the six1een comparators used in the first flash 
conversion are reused for the second flash. Thus, the mul- 
tistep 
conversion 
technique 
used 
in 
the 
ADC10461, 
ADC10462, and ADC10464 needs only a small fraction of 
the number of comparators that would be required for a 
traditional flash converter, and far fewer than would be used 
in a conventional half-flash approach. This allows the 
ADC10461, ADC10462, and ADC10464 to perform high- 
speed conversions without excessive power drain. 
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Applications 
Information 


1.0 MODES OF OPERATION 
The ADC10461, ADC10462, and ADC10464 have two basic 
digital interface modes. Figure 
1 and Figure 2 are timing 


diagrams 
for 
the 
two 
modes. 
The 
ADC10462 
and 


ADC10464 have input multiplexers that are controlled by 
the logic levels on pins So and Sl when 5tH 
goes low. 
Table I is a truth table showing how the input channneis are 
assigned. 


Mode 1 
In this mode, the 5tH pin controls the start of conversion. 
5tH is pulled low for a minimum of 250 ns. This causes the 
comparators in the "coarse" flash converter to become ac- 
tive. When 5tH goes high, the result of the coarse conver- 
sion is latched and the "fine" 
conversion begins. After 


600 ns (typical), INT goes low, indicating that the conversion 
results are latched and can be read by pulling RD low. Note 
that c:;s must be low to enable 5tH or RD. c:;s is internally 
"ANDed" with 5tH 
and AD; the input voltage is sampled 


when c:;s and 51H are low, and data is read when c:;s and 
ALl are low. T/iI'f is reset high on the rising edge of RD. 


TABLE I. Input Multiplexer Programming 


ADC10464 
ADC10462 


Sl 
So 
Chlnn.1 


0 
0 
VINO 
0 
1 
VINl 


1 
0 
VIN2 


1 
1 
VIN3 


So 
Chlnn.1 


0 
VINO 


1 
VIN' 


Mode 2 
In Mode 2, also called "AD 
mode", the 5tH and J1[5 pins 


are tied together. A conversion is initiated by pulling both 
pins low. The AID converter samples the input voltage and 
causes the coarse comparators to become active. An inter- 
nal timer then terminates the coarse conversion and begins 
the fine conversion. 850 ns (typical) after 5tH and Fm are 
pull low, iNi goes low, indicating that the conversion is 
completed. Approximately 20 ns later the data appearing on 
the TRI-STATE output pins will be valid. Note that data will 
appear on these pins throughout the conversion, but until 
1l'lT goes low the data at the output pins will be the result of 
the previous conversion. 


2.0 REFERENCE CONSIDERATIONS 


The ADC10461, ADC10462, and ADC10464 each have two 
reference inputs. These inputs, VREF+ and VREF-, are fully 
differential and define the zero to full-scale range of the 
input signal. The reference inputs can be connected to span 
the entire supply voltage range (VREF- = OV,VREF+ = 
Veel for ratiometric applications, or they can be connected 
to different voltages (as long as they are between ground 
and Veel when other input spans are required. Reducing 
the overall VREFspan to less than 5V increases the sensi- 
tivity of the converter (e.g., if VREF = 2V, then 1 LSB = 


1.953 mY). Note, however, that linearity and offset errors 
become larger when lower reference voltages are used. 
See the Typical Performance Curves for more information. 
For this reason, reference voltages less than 2V are not 
recommended. 


In most applications, VREF- will simply be connected to 
ground, but it is often useful to have an input span that is 
offset from ground. This situation is easily accommodated 
by the reference configuration used in the ADC10461, 
ADC10462, and ADC10464. VREF- can be connected to a 
voltage other than ground as long as the voltage source 
connected to this pin is capable of sinking the converter's 
reference current (12.5 mA Max @ VREF= 5V). If VREF_ is 
connected to a voltage other than ground, bypass it with 
multiple capacitors. 
Since the resistance between the two reference inputs can 
be as low as 400n, the voltage source driving the reference 
inputs should have low output impedance. Any noise on ei- 
ther reference input is a potential cause of conversion er- 
rors, so each of these pins must be supplied with a clean, 
low noise voltage source. Each reference pin should be by- 
passed with a 10 J-LFtantalum and a 0.1 J-LFceramic. 


3.0 THE ANALOG INPUT 
The ADC10461, ADC10462, and ADC10464 sample the an- 
alog input voltage once every conversion cycle. When this 
happens, the input is briefly connected to an impedance 
approximately equal to 600n in series with 35 pF. Short-du- 
ration current spikes can therefore be observed at the ana- 
log input during normal operation. These spikes are normal 
and do not degrade the converter's performance. 


Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 500n 
should be used if rated accuracy is to be 


achieved at the minimum sample time (250 ns maximum). If 
the sampling time is increased, the source impedance can 
be larger. If a signal source has a high output impedance, its 
output should be buffered with an operational amplifier. The 
operational amplifier's output should be well-behaved when 
driving a switched 35 pFt600n 
load. Any ringing or voltage 


shifts at the op amp's output during the sampling period can 
result in conversion errors. 
Correct conversion results will be obtained for input volt- 
ages greater than GND - 
50 mV and less than V+ + 


50 mY. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than AVec and DVee, or 
more than 300 mV lower than GND. If an analog input pin is 
forced beyond these voltages, the current flowing through 
the pin should be limited to 5 mA or less to avoid permanent 
damage to the IC. The sum of all the overdrive currents into 
all pins must be less than 20 mA. When the input signal is 
expected to extend more than 300 mV beyond the power 
supply limits, some sourt of protection scheme should be 
used. A simple network using diodes and resistors is shown 
in Figure 4. 


fII 


: 
V1N1 


: 
V1N2 


_ 
: 
V1N3 
---------_. 
(Optional; ••• text) 


18 
DB9 (t.lSB) 


DB7 


17 


RSA (Optional; see text) 


TLIH/lll08-14 
FIGURE 
4. Typical 
Connection. 
Note the multiple 
bypass capacitors 
on the reference 
and power 
supply pins. If VREF- 


is not grounded, 
it should also be bypassed 
to analog 
ground 
using multiple 
capacitors 
(see 5.0 "Power 
Supply 
Considerations"). 
AGND and DGND should 
be at the same potential. 
VINO is shown 
with an input protection 
network. 
Pin 17 is normally 
left open, but optional 
"speedup" 
resistor 
RSA can be used to reduce 
the conversion 
time. 


4.0 INHERENT 
SAMPLE-AND-HOLD 


Because the ADC10461, ADC10462, and ADC10464 sam- 
ple the input signal once during each conversion, they are 
capable of measuring relatively fast input signals without the 
help of an external sample-hold. In a non-sampling succes- 
sive-approximation AID converter, regardless of speed, the 
input signal must be stable to better than ± 1/2 LSB during 
each conversion cycle or significant errors will result. Con- 
sequently, even for many relatively slow input signals, the 
signals must be externally sampled and held constant dur- 
ing each conversion if a SAR with no internal sample-and- 
hold is used. 
Because they incorporate a direct sample/hold control in- 
put, the ADCl 0461, ADCl 0462, and ADCl 0464 are suitable 
for use in DSP-based systems. The S/H input allows syn- 
chronization of the AID converter to the DSP system's sam- 
pling rate and to other ADC10461s, ADC10462s, and 
ADC10464s. 
The ADC10461, ADC10462, and ADC10464 can perform 
accurate conversions of input signals with frequency com- 
ponents from DC to over 250 kHz. 


5.0 POWER 
SUPPLY 
CONSIDERATIONS 
The ADC10461, ADC10462, and ADC10464 are designed 
to operate from a +5V (nom;'1al)power supply. There are 
two supply pins, AVec and DVcc. These pins allow sepa- 
rate external bypass capacitors for the analog and digital 
portions of the circuit. To guarantee accurate conversions, 
the two supply pins should be connected to the same volt- 
age source, and each should be bypassed with a 0.1 J-l-F 
ceramic capacitor in parallel with a 10 J-l-Ftantalum capaci- 
tor. Depending on the circuit board layout and other system 
considerations, more bypassing may be necessary. 


The ADC10461 has a single ground pin, and the ADC10462 
and ADC10464 each have separate analog and digital 
ground pins for separate bypassing of the analog and digital 


supplies. The devices with separate analog and digital 
ground pins should have their ground pins connected to the 
same potential, and all grounds should be "clean" and free 
of noise. 
In systems with multiple power supplies, careful attention to 
power supply sequencing may be necessary to avoid over- 
driving inputs. The AID 
converter's 
power supply pins 
should be at the proper voltage before digital or analog sig- 
nals are applied to any of the other pins. 


6.0 LAYOUT 
AND GROUNDING 
In order to ensure fast, accurate conversions from the 
ADC10461, ADC10462, and ADC10464, it is necessary to 
use appropriate circuit board layout techniques. The analog 
ground return path should be low-impedance and free of 
noise from other parts of the system. Noise from digital cir- 
cuitry can be especially troublesome, so digital grounds 
should always be separate from analog grounds. For best 
performance, separate ground planes should be provided 
for the digital and analog parts of the system. 
All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter's 
input 
should be connected to a very clean ground return point. 
Grounding the component at the wrong point will result in 
reduced conversion accuracy. 


7.0 DYNAMIC 
PERFORMANCE 


Many applications require the A/D converter to digitize AC 
signals, but conventional DC integral and differential nonlin- 
earity specifications don't accurately predict the AID con- 
verter's performance with AC input signals. The important 
specifications for AC applications reflect the converter's 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 


Applications 
Information 
(Continued) 


ic characteristics such as signal-to-noise ratio (SNR) and 
total harmonic distortion (THO), are quantitative measures 
of this capability. 
An AID 
converter's AC performance can be measured us- 


ing Fast Fourier Transform (FFT) methods. A sinusoidal 
waveform is applied to the AID converter's input, and the 
transform is then performed on the digitized waveform. The 
reSUltingspectral plot might look like the ones shown in the 
typical performance curves. The large peak is the funda- 
mental frequency, and the noise and distortion components 
(if any are present) are visible above and below the funda- 
mental frequency. Harmonic distortion components appear 
at whole multiples of the input frequency. Their amplitudes 
are combined as the square root of the sum of the squares 
and compared to the fundamental amplitude to yield the 
THO specification. Guaranteed limits for THO are given in 
the table of Electrical Characteristics. 
Signal-te-noise ratio is the ratio of the amplitude at the fun- 
damental frequency to the rms value at all other frequen- 
cies, excluding any harmonic distortion components. Guar- 
anteed limits are given in the Electrical Characteristics table. 
An alternative definition of signal-to-noise ratio includes the 
distortion components along with the random noise to yield 
a signal-to-noise-plus-distortion ration, or S/(N 
+ D). 
The THO and noise performance of the AID converter will 
change with the frequency of the input signal, with more 
distortion and noise occurring at higher signal frequencies. 
One way of describing the AID's performance as a function 
of signal frequency is to make a plot of "effective bits" ver- 
sus frequency. An ideal AID converter with no linearity er- 
rors or self-generated noise will have a signal-to-noise ratio 
equal to (6.02n + 1.8) dB, where n is the resolution in bits 


of the AID 
converter. A real AID converter will have some 


amount of noise and distortion, and the effective bits can be 
found by: 


. 
S/(N 
+ D) (dB) - 
1.8 
n (effectIVe) = 
6.02 


where S/(N 
+ D) is the ratio of signal to noise and distor- 


tion, which can vary with frequency. 
As an example, an ADC10461 with a 4.85 Vp_p, 100 kHz 
sine wave input signal will typically have a signal-to-noise- 
plus-distortion ratio of 59.2 dB, which is equivalent to 9.53 
effective bits. As the input frequency increases, noise and 
distortion gradually increase, yielding a plot of effective bits 
or S/(N + D) as shown in the typical performance curves. 


8.0 SPEED ADJUST 
In applications that require faster conversion times, the 
Speed Adjust pin (pin 14 on the ADC10462, pin 17 on the 
ADC10464) can significantly reduce the conversion time. 
The speed adjust pin is connected to an on-chip current 
source that determines the converter's internal timing. By 
connecting a resistor between the speed adjust pin and 
ground as shown in Figure 4, the internal programming cur- 
rent is increased, which reduces the conversion time. As an 
example, an 18k resistor reduces the .conversion time of a 
typical part from 600 ns to 350 ns with no significant effect 
on linearity. Using smaller resistors to further decrease the 
conversion time is possible as well, although the linearity 
will begin to degrade somewhat (see curves). Note that the 
resistor value needed to obtain a given conversion time will 
vary from part to part, so this technique will generally require 
some "tweaking" to obtain satisfactory results. 
For applications that require guaranteed performance using 
the speed adjust pin, the ADC10662 and ADC10664 are 
tested and guaranteed for static and dynamic performance 
with a fixed value of speed-up resistor. 


ttJNational 
Semiconductor 


ADC 10662/ ADC 10664 10-Bit 360 ns 
A/D Converter with Input Multiplexer and Sample/Hold 


General Description 
Using an innovative, patented multistep' conversion tech- 
nique, the 10-bit ADC10662 and ADC10664 are 2- and 4-in- 
put CMOS analog-to-digital converters offering sub-micro- 
second conversion times yet dissipating a maximum of only 
235 mW. The ADC10662 and ADC10664 perform a 10-bit 
conversion in two lower-resolution "flashes", thus yielding a 
fast AID without the cost, power dissipation, and other 
problems associated with true flash approaches. In addition 
to standard static performance specifications (Linearity, 
Full-Scale 
Error, 
etc.) 
dynamic 
performance 
(THD, 
SIN) 
is guaranteed. 


The analog input voltage to the ADC10662 and ADC10664 
is sampled and held by an internal sampling circuit. Input 
signals at frequencies from de to over 250 kHz can there- 
fore be digitized accurately without the need for an external 
sample-and-hold circuit. 
The ADC10662 and ADC10664 include a "speed-up" pin. 
Connecting an external resistor between this pin and ground 
reduces the typical conversion time to as little as 360 ns. 


For ease of interface to microprocessors, the ADC10662 
and ADC10664 have been designed to appear as a memory 
location or 1/0 port without the need for external interface 
logic. 


Features 
• 
Built-in sample-and-hold 
• 
Single +5V supply 
• 
2- or 4-input multiplexer options 
• 
No external clock required 


Key Specifications 
• 
Conversion time to 10 bits 
360 ns typical, 
466 ns max over temperature 
1.5 MHz (min) 
235 mW (max) 
-60 
dB (max) 


• 
Sampling Rate 
• 
Low power dissipation 
• 
Total harmonic distortion (50 kHz) 
• 
No missing codes over temperature 


Applications 
• 
Digital signal processor front ends 
• 
Instrumentation 
• 
Disk drives 
• 
Mobile telecommunications 


Industrial 
Package 
(-40"C 
,;;TA ,;; +85°C) 


ADC10662CIN 
N24A Molded DIP 
ADC10662CIWM 
M24B Small Outline 


Industrial 
Package 
(-40"C 
,;;TA ,;; +85°C) 


ADC10664CIN 
N28B Molded DIP 
ADC10664CIWM 
M28B Small Outline 


Absolute Maximum Ratings 
(Notes 1, 2) 


If Mllltary/A.rospac. 
speclfl.d 
devices 
are required, 
pl.... 
cont.ct 
the 
N.tlonal 
Semiconductor 
Sales 
OffIce/Distributors 
for .v.llablllty 
.nd sp.clflcatlons. 


SupplyVoltage(V+ 
= AVec = DVed 
-0.3Vto 
+6V 


Voltage at Any Input or Output 
- 0.3V to V+ + 0.3V 


Input Current at Any Pin (Note 3) 
5 mA 
Package Input Current (Note 3) 
20 mA 


Power Dissipation (Note 4) 
875 mW 


ESD Susceptability (Note 5) 
2000V 


Soldering Information (Note 6) 


N Package (10 See) 
260"C 


SO Package: 


Vapor Phase (60 See) 
215·C 


Infrared (15 See) 
220·C 


Storage Temperature Range 
Junction Temperature 


- 65·C to + 150"C 


150·C 


Operating Ratings (Notes 1, 2) 


Temperature Range 
TMIN';; TA';; TMAX 


ADC10662CIN, ADC10662CIWM, 
ADC10664CIN, 
ADC10664CIWM 


Supply Voltage Range 


-40·C 
,;; TA ,;; +85·C 


4.5Vt05.5V 


Converter Characteristics 
The following specifications apply for V+ = +5V, VREF(+) = +5V, VREF(-) = GND, and Speed Adjust pin connected to 
ground through a 14.0 kO resistor (Mode 1) or an 8.26 kO resistor (Mode 2) unless otherwise specified. Boldface limits .pply 
for TA = TJ = TMln to TMax;all other limits TA = TJ = + 25·C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 7) 
(NoteS) 
(Limit) 


Resolution 
10 
Bits 


Integral Linearity Error 
.. 
[ 
. 
±0.5 
±1.0/±1.5 
LSB 


Offset Error 
±1 
LSB (max) 


Full-Scale Error 
±1 
LSB (max) 


Total Unadjusted Error 
±0.5 
± 1.5/±2.0 
LSB 


Missing Codes 
0 
(max) 


Power Supply Sensitivity 
V+ = 5V ±5%, VREF= 4.5V 
±y;. 
LSB 
V+ = 5V ±10%, VREF= 4.5V 
±'/s 
LSB 


THD 
Total Harmonic Distortion (Note 10) 
fiN = 1 kHz, 4.85 Vp.p 
-68 
dB 
fiN = 50 kHz, 4.85 Vp.p 
-66 
-60 
dB (max) 


fiN = 100 kHz, 4.85 Vp_p 
-62 
dB 


fiN = 240 kHz, 4.85 Vp.p 
-58 
dB 


SNR 
Signal-to-Noise Ratio (Note 10) 
fiN = 1 kHz, 4.85 Vp.p 
61 
dB 
fiN = 50 kHz, 4.85 Vp.p 
60 
58 
dB (min) 


fiN = 100 kHz, 4.85 Vp.p 
60 
dB 


ENOB 
Effective Number of Bits (Note 10) 
fiN = 1 kHz, 4.85 Vp.p 
9.6 
Bits 


fiN = 50 kHz, 4.85 Vp.p 
9.5 
9 
Bits (min) 


RREF 
Reference Resistance 
650 
400 
o (min) 


900 
o (max) 


VREF(+) 
VREF(+) Input Voltage 
Y+ 
+ 0.05 
V (max) 


VREF(-) 
VREF(-) Input Voltage 
GND --' 0.05 
V (min) 


VREF(+) 
VREF(+) Input Voltage 
YREF(-) 
V (min) 


VREF(-) 
VREF(-) Input Voltage 
YREF(+) 
V (max) 


VIN 
Input Voltage 
Y+ 
+ 0.05 
V (max) 


VIN 
Input Voltage 
GND - 0.05 
V (min) 


OFF Channel Input Leakage Current 
~ 
= V+, VIN = V+ 
0.01 
3 
!LA(max) 


ON Channel Input Leakage Current 
~ 
= V+, VIN = V+ 
±1 
-3 
!LA(max) 


• 


DC Electrical Characteristics 
The following specifications apply forV+ 
= +5V, VREF(+) = 5V VREF(-) = GND, and Speed Adjust pin connected to ground 


through a 14.0 kO resistor (Mode 1) or an 8.26 kO resistor (Mode 2) unless otherwise specified. Boldface limits apply for TA = 
TJ = TMINto TMAX;all other limits TA = TJ = + 25°C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 7) 
(Note 8) 
(Limits) 


VIN(l) 
Logical "1" Input Voltage 
V+ = 5.5V 
2.0 
V (min) 


VIN(O) 
Logical "0" Input Voltage 
V+ = 4.5V 
0.8 
V (max) 


IIN(l) 
Logical "1" Input Current 
VIN(l) = 5V 
0.005 
3.0 
IJ-A(max) 


IIN(O) 
Logical "0" Input Current 
VIN(O)OV 
-0.005 
-3.0 
IJ-A(max) 


VOUT(l) 
Logical "1" Output Voltage 
V+ = 4.5V, lOUT= -360 
IJ-A 
2.4 
V (min) 


V+ = 4.5V, lOUT= -10 IJ-A 
4.25 
V (min) 


VOUTfOl 
Logical "0" Output Voltage 
V+ = 4.5V, lOUT= 1.6 mA 
0.4 
V (max) 


lOUT 
TRI-STATE3 Output Current 
VOUT= 5V 
0.1 
50 
IJ-A(max) 


VOUT= OV 
-0.1 
-50 
IJ-A(max) 


Dice 
DVee Supply Current 
~ 
= StH = RD = 0 
1.0 
2 
mA(max) 


Alec 
AVec Supply Current 
~ 
= StH = RD = 0 
30 
45 
mA(max) 


AC Electrical Characteristics 
The following specifications apply for V+ 
= 
+5V, t,. = tf = 20 ns, VREF(+) = 5V, VREF(-) = GND, and Speed Adjust pin 
connected to ground through a 14.0 kO resistor (Mode 1) or an 8.26 kO resistor (Mode 2) unless otherwise specified. Boldface 
limits apply for TA = TJ = TMINto TMAX;all other limits TA = TJ = + 25°C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 7) 
(Note 8) 
(Limits) 


lcoNv 
Mode 1 Conversion Time 
CIN, CIWM Suffixes 


from Rising Edge of 5tH 
360 
488 
ns(max) 
to Falling Edge of INT 


leRD 
Mode 2 Conversion Time 
CIN, CIWM Suffixes 
470 
810 
ns (max) 


tACCl 
Access Time (Delay from Falling 
Mode 1; CL = 100 pF 
30 
50 
ns (max) 
Edge of RD to Output Valid) 


tACC2 
Access Time (Delay from Falling 
Mode 2; 
I 
CIN, CIWM Suffixes 
475 
818 
ns (max) 
Edge of RD to Output Valid) 
CL=100pF 


tSH 
Minimum Sample Time 
Mode 1 (Figure 
1); (Note 9) 
150 
ns(max) 


tlH, toH 
TRI-STATE Control (Delay 
RL = 1k,CL = 10pF 


from Rising Edge of RD 
30 
80 
ns (max) 
to High-Z State) 


tlNTH 
Delay from Rising Edge of RD 
CL = 100 pF 
25 
50 
ns(max) 
to Rising Edge of INT 
, 


tp 
Delay from End of Conversion 
50 
ns(max) 
to Nex1Conversion 


AC Electrical Characteristics 
(Continued) 


The 
following 
specifications 
apply 
for V+ 
= 
+5V. 
tr = tf = 20 ns, VREF(+) 
= 5V. VREF(-) 
= GND, 
and 
Speed 
Adjust 
pin 
connected 
to ground 
through 
a 14.0 
kO resistor 
(Mode 
1) or an 8.26 
kO resistor 
(Mode 
2) unless 
otherwise 
specified. 
Boldface 


limits apply for TA = TJ = TMIN to TMAX; all other 
limits 
T A = TJ = 
+ 25'C. 
(Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 
(Note 7) 
(Note 8) 
(Limits) 


tMS 
Multiplexer 
Control 
Setup 
Time 
10 
75 
ns(max) 


tMH 
Multiplexer 
Hold 
Time 
10 
40 
ns(max) 


CVIN 
Analog 
Input Capacitance 
35 
pF(max) 


COUT 
Logic 
Output 
Capacitance 
5 
pF(max) 


CIN 
Logic 
Input 
Capacitance 
5 
pF (max) 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indtca.te conditions 
for which the device is 
functional. 
These ratings do not guarantee speciftC performance 
limits, however. For guaranteed 
specrtications 
and test condrtions, see the Electrical Characteris- 


tics. The guaranteed 
specifications 
apply onty for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated under 
the listed test conditons. 


Note 2: All voltages are measured with respect to GND, unless otherwise 
specified. 


Note 3: When the input voltage (V,N)at any pin exceeds the power supply rails (V,N < GND or V,N > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 


Note 4: The maximum power dissipation must be derated at elevated temperatures 
and is dictated by TJMAX. 8JA and the ambient temperature, 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is Po = (TJMAX - 
TA)/8JA or the number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. In most 
cases, the maximum derated power dissipation 
wilt be reached only during fault conditions. 
For these devices, TJMAX for a board·mounted 
device can be found 
from the tables below: 


ADC10662 
ADC10664 


Suffix 
8JA("C/Wj 
Suffix 
8JA("C/Wj 


GIN 
60 
GIN 
53 


GIWM 
82 
GIWM 
78 


Note 5: Human body model, 100 pF discharged through a 1.5 kO resistor. 


Note 6: See AN-450 
"Surface 
Mounting 
Methods 
and Their Effect on Product 
Reliability" 
or the section 
titled 
"Surface 
Mount" 
found 
in a current 
National 
Semiconductor 
Linear Data Book for other methods of soldering surface mount devices. 


Note 7: Typicals represent 
most likely parametric 
norm. 


Note 8: Tested limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note I: Accuracy 
may degrade if tSH is shorter than the value specified. See curves of Accuracy vs tSH. 


Note 10: THO, SNR, and ENOB are tested in Mode 1. Measuring these quantities 
in Mode 2 yields similar values. 


Typical Performance 
Characteristics 


Zero (Offset) 
Error 
Linearity 
Error 
Analog 
Supply Current 


va Reference 
Voltage 
vs Reference 
Voltage 
vs Temperature 
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.0 
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:: 
DVcc 
= 
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- 
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..• 
"Vcc 
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.5 
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R[F'EREHC[ 
VOLTAGE, 
VR£f. 
- 
VREr- 
(v) 
RErERENCE 
VOLTAGE. 
VR£f + - 
VREF- 
(V) 
AMSIENT TEMPERATURE ('c) 


Digital Supply Current 
Conversion 
Time 
Conversion 
Time 


vs Temperature 
vs Temperature 
vs Temperature 
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•• 0 
~~~ ~l.Ok 
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5V 


0;> 
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..5 
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--= 
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0.6 
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~ 
~ 
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>= 
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./ 
i 
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~ 
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AMSIENT TEMPERATURE ('C) 
TEWPER.lTURE 
(oe) 
TEMPERATURE (oc) 


Conversion 
Time vs 
Conversion 
Time vs 
Spectral 
Response 
with 


Speed-Up 
Resistor 
Speed-Up 
Resistor 
100 kHz Sine Wave 
Input 
600 
I 


800 


TA 1= ,Jsoc 


20 


"CC·"REf··SV 


500 
I 
700 
- 


0 
V"••.•. 
85Vp_p 
! 
lA= 
'~ 
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FIGURE 2. IMode2 (RD Mode). The conversion time (lcRo) Includes the 
sampling time and Is determined by the Internal timer. 
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Pin Descriptions 
DVcc, AVec 
These are the digital and analog positive sup- 
ply voltage inputs. They should always be 
connected to the same voltage source, but 
are brought out separately to allow for sepa- 
rate bypass capacitors. 
Each supply pin 
should be bypassed with a 0.1 ,..F ceramic 
capacitor in parallel with a 10 ,..F tantalum 
capacitor to ground. 


iiiIT 
This is the active low interrupt output. INT 
goes low at the end of each conversion, and 
returns to a ~igh state following the rising 
edge of AD. 
~/H 
This is the Sample/Hold control input. When 
this pin is forced low (and cg is low), it caus- 
es the analog input signal to be sampled and 
initiates a new conversion. 
RD 
This is the active low Read control input. 
When this RD and cg are low, any data pres- 
ent in the output registers will be placed on 
the data bus. 
cg 
This is the active low Chip Select control in- 
put. When low, this pin enables the RD and 
~/H pins. 
SO,S1 
These pins select the analog input that will be 
connected to the AID during the conversion. 
The input is selected based on the state of 
SOand S1 when ~/H makes its High-to-Low 
transition (See the Timing Diagrams). The 
ADC10664 includes both SO and S1. The 
ADC10662 includes just SO. 


OVcc 
10 


INT 
2 
S/H 
3 
Ro 
4 
Cs 


SO 


SI 


AVec 


VREF- 


V1NO 


V1N1 


- 
V1N2 


V1N3 


VREF+ 


These are the reference voltage inputs. They 
may be placed at any voltage between GND 
and Vcc, but VREF+ must be greater than 
VREF-. An input voltage equal to VREF- 
produces an output code of 0, and an input 
voltage equal to (VREF+ - 
1 LSB) produces 
an output code of 1023. 


VINO,VIN1, 
These 
are 
the 
analog 
input 
pins. 
The 
VIN2,VIN3 
ADC10662 has two inputs (VINOand VIN1) 
and the ADC10664 has four inputs (VINO, 
VIN1,VIN2 and VIN3).The impedance of the 
source should be less than 5000. for best ac- 
curacy and conversion speed. For accurate 
conversions, no input pin (even one that is 
not selected) should be driven more than 
50 mV above Vcc or 50 mV below ground. 


GND, AGND, These are the power supply ground pins. The 
DGND 
ADC10662 and ADC10664 have separate 
analog and digital ground pins (AGND and 
DGND) for separate bypassing of the analog 
and digital supplies. The ground pins should 
be connected to a stable, noise-free system 
ground. Both pins should be returned to the 
same potential. 


DBO-DB9 
These are the TRI-STATE output pins. 


SPEEDADJ 
By connecting a resistor between this pin and 
ground, the conversion time can be reduced. 
The specifications listed in the table of Elec- 
trical Characteristics apply for a speed adjust 
resistor (RSA)equal to 14.0 kn (Mode 1) or 
8.26 kn (Mode 2). See the Typical Perform- 
ance Curves and the table of Electrical Char- 
acteristics. 


Functional Description 
The ADC10662 and ADC10664 digitize an analog input sig- 
nal to 10 bits accuracy by performing two lower-resolution 
"flash" conversions. The first flash conversion provides the 
six most significant bits (MSBs) of data, and the second 
flash conversion provides the four least significant bits 
LSBs). 


Figure 3 is a simplified block diagram of the converter. Near 
the center of the diagram is a strinll of resistors. At the 
bottom of the string of resistors are 16 resistors, each of 
which has a value 1/1024 the resistance of the whole resis- 
tor string. These lower 16 resistors (the LSB Ladder) there- 
fore have a voltage drop of 16/1024, or 1/64 of the total 
reference voltage (VREF+ 
- 
VREF-) 
across them. The re- 


mainder of the resistor string is made up of eight groups of 
eight resistors connected in series. These comprise the 
MSB Ladder. Each section of the MSB Ladder has 'fa of the 
total reference voltage across it, and each of the LSB resis- 
tors has 1/64 of the total reference voltage across it. Tap 
points across these resistors can be connected, in groups 
of sixteen, to the sixteen comparators at the right of the 
diagram. 
On the left side of the diagram is a string of seven resistors 
connected between VREF+ 
and VREF-. 
Six comparators 


compare the input voltage with the tap voltages on this re- 
sistor string to provide a low-resolution "estimate" of the 
input voltage. This estimate is then used to control the multi- 
plexer that connects the MSB Ladder to the sixteen com- 
parators on the right. Note that the comparators on the left 
needn't be very accurate; they simply provide an estimate of 
the input voltage. Only the sixteen comparators on the right 
and the six on the left are necessary to perform the initial 
six-bit flash conversion, instead of the 64 comparators that 
would be required using conventional half-flash methods. 
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To perform a conversion, the estimator compares the input 
voltage with the tap voltages on the seven resistors on the 
left. The estimator decoder then determines which MSB 
Ladder tap points will be connected to the sixteen compara- 
tors on the right. For example, assume that the estimator 
determines that VIN is between 11/16 and 13/16 of VREF. 
The estimator decoder will instruct the comparator MUX to 
connect the 16 comparators to the taps on the MSB ladder 
between 10/16 and 14/16 of VREF. The 16 comparators will 
then perform the first flash conversion. Note that since the 
comparators are connected to ladder voltages that extend 
beyond the range indicated by the estimator circuit, errors in 
the estimator as large as 1/16 of the reference voltage 
(64 LSBs) will be corrected. This first flash conversion pro- 
duces the six most significant bits of data-four 
bits in the 
flash itself, and 2 bits in the estimator. 
The remaining four LSBs are now determined using the 
same sixteen comparators that were used for the first flash 
conversion. The MSB Ladder tap voltage just below the in- 
put voltage (as determined by the first flash) is subtracted 
from the input voltage and compared with the tap points on 
the sixteen LSB Ladder resistors. The result of this second, 
four-bit flash conversion is then decoded, and the full10-bit 
result is latched. 


Note that the sixteen comparators used in the first flash 
conversion are reused for the second flash. Thus, the mul- 
tistep conversion technique used in the ADC10662 and 
ADC10664 needs only a small fraction of the number of 
comparators that would be required for a traditional flash 
converter, and far fewer than would be used in a conven- 
tional half-flash approach. This allows the ADC10662 and 
ADC10664 to perform high-speed conversions without ex- 
cessive power drain. 


Applications 
Information 


1.0 MODES OF OPERATION 
The ADC10662 and ADC10664 have two basic digital inter- 
face modes. Figure 
1 and Figure 2 are timing diagrams for 
the two modes. The ADC10662 and ADC10664 have input 
multiplexers that are controlled by the logic levels on pins 
So and 5, when ~/H goes low. Table I is a truth table show- 
ing how the input channneis are assigned. 


Mode 1 


In this mode, the ~/H pin controls the start of conversion. 
~/H is pulled low for a minimum of 150 ns. This causes the 
comparators in the "coarse" flash converter to become ac- 
tive. When ~/H goes high, the result of the coarse conver- 
sion is latched and the "fine" 
conversion begins. After 
360 ns (typical), TNT goes low, indicating that the conversion 
results are latched and can be read by pulling AD low. Note 
that CS must be low to enable S/H or AD. CS is internally 
"ANDed" with ~/H and AD; the input voltage is sampled 
when CS and S/H are low, and data is read when CS and 
AD are low. INT is reset high on the rising edge of AD. 


TABLE I. Input Multiplexer Programming 


ADC10664 
ADC10662 
s, 
So 
Channel 


0 
0 
V,NO 


0 
1 
V,Nl 


1 
0 
V,N2 


1 
1 
VIN3 


So 
Channel 


0 
V,NO 


1 
VIN1 


Mode 2 
In Mode 2, also called "AD mode", the S/H and AD pins 
are tied together. A conversion is initiated by pulling both 
pins low. The AID converter samples the input voltage and 
causes the coarse comparators to become active. An inter- 
nal timer then terminates the coarse conversion and begins 
the fine conversion. 470 ns (typical) after S/H and AD are 
pulled low, INT goes low, indicating that the conversion is 
completed. Approximately 20 ns later the data appearing on 
the TAl-STATE output pins will be valid. Note that data will 
appear on these pins throughout the conversion, but until 
INT goes low the data at the output pins will be the result of 
the previous conversion. 


2.0 REFERENCECONSIDERATIONS 


The ADC10662 and ADC10664 each have two reference 
inputs. These inputs, VREF+ and VREF-, are fully differen- 
tial and define the zero to full-scale range of the input signal. 
The reference inputs can be connected to span the entire 
supply voltage range (VREF- = OV, VREF+ = Vccl for 
ratiometric applications, or they can be connected to differ- 
ent voltages (as long as they are between ground and Vccl 
when other input spans are required. Aeducing the overall 
VREFspan to less than 5V increases the sensitivity of the 
converter (e.g., if VREF = 2V, then 1 LSB = 1.953 mY). 


Note, however, that linearity and offset errors become larg- 
er when lower reference voltages are used. See the Typical 
Performance Curves for more information. For this reason, 
reference voltages less than 2V are not recommended. 
In most applications, VREF- will simply be connected to 
ground, but it is often useful to have an input span that is 
offset from ground. This situation is easily accommodated 
by the reference configuration used in the ADC10662 and 
ADC10664. VREF- can be connected to a voltage other 
than ground as long as the voltage source connected to this 
pin is capable of sinking the converter's reference current 
(12.5 mA Max @ VREF = 5V). If VREF- is connected to a 
voltage other than ground, bypass it with multiple capaci- 
tors. 
Since the resistance between the two reference inputs can 
be as low as 4000, the voltage source driving the reference 
inputs should have low output impedance. Any noise on ei- 
ther reference input is a potential cause of conversion er- 
rors, so each of these pins must be supplied with a clean, 
low noise voltage source. Each reference pin should be by- 
passed with a 10 JJoFtantalum and a 0.1 JJoFceramic. 


3.0 THE ANALOG INPUT 
The ADC10662 and ADC10664 sample the analog input 
voltage once every conversion cycle. When this happens, 
the input is briefly connected to an impedance approximate- 
ly equal to 6000 in series with 35 pF. Short-duration current 
spikes can therefore be observed at the analog input during 
normal operation. These spikes are normal and do not de- 
grade the converter's performance. 


Large source impedances can slow the charging of the 
sampling capacitors and degrade conversion accuracy. 
Therefore, only signal sources with output impedances less 
than 5000 
should be used if rated accuracy is to be 
achieved at the minimum sample time (250 ns maximum). If 
the sampling time is increased, the source impedance can 
be larger. If a signal source has a high output impedance, its 
output should be buffered with an operational amplifier. The 
operational amplifier's output should be well-behaved when 
driving a switched 35 pF/6000 
load. Any ringing or voltage 
shifts at the op amp's output during the sampling period can 
result in conversion errors. 


Correct conversion results will be obtained for input volt- 
ages greater than GND - 
50 mV and less than V+ + 


50 mY. Do not allow the signal source to drive the analog 
input pin more than 300 mV higher than AVec and DVcc, or 
more than 300 mV lower than GND. If an analog input pin is 
forced beyond these voltages, the current flowing through 
the pin should be limited to 5 mA or less to avoid permanent 
damage to the IC. The sum of all the overdrive currents into 
all pins must be less than 20 mA. When the input signal is 
expected to extend more than 300 mV beyond the power 
supply limits, some sourt of protection scheme should be 
used. A simple network using diodes and resistors is shown 
in Figure 
4. 
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FIGURE 4. Typical Connection. N01ethe multiple bypass capacitors on the reference and power supply pins. If VREF- 


Is not grounded, it should also be bypassed to analog ground using multiple capacitors (see 5.0 "Power Supply 
Considerations"). 
AGND and DGND should be at the same potential. 
VINO is shown with an Input protection 
network. 


4.0 INHERENT SAMPLE-AND-HOLD 


Because the ADC10662 and ADC10664 sample the input 
signal once during each conversion, they are capable of 
measuring relatively fast input signals without the help of an 
external sample-hold. In a non-sampling successive-approx- 
imation AID converter, regardless of speed, the input signal 
must be stable to better than ± 1/2 LSB during each con- 
version cycle or significant errors will result. Consequently, 
even for many relatively slow input signals, the signals must 
be externally sampled and held constant during each con- 
version if a SAR with no internal sample-and-hold is used. 


Because they incorporate a direct sample/hold control in- 
put, the ADC10662 and ADC10664 are suitable for use in 
DSP-based systems. The 5/H input allows synchronization 
of the AID converter to the DSP system's sampling rate and 
to other ADC10662s, and ADC10664s. 
The ADC10662 and ADC10664 can perform accurate con- 
versions of input signals with frequency components from 
DC to over 250 kHz. 


5.0 POWER SUPPLY CONSIDERAT'IONS 
The ADC10662 and ADC10664 are designed to operate 
from a +5V (nominal) power supply. There are two supply 
pins, AVec and DVcc. These pins allow separate external 
bypass capacitors for the analog and digital portions of the 
circuit. To guarantee accurate conversions, the two supply 
pins should be connected to the same voltage source, and 
each should be bypassed with a 0.1 JoLFceramic capacitor in 
parallel with a 10 JoLFtantalum capal~itor.Depending on the 
circuit board layout and other system considerations, more 
bypassing may be necessary. 


The ADC10662 and ADC10664 have separate analog and 
digital ground pins for separate bypassing of the analog and 
digital supplies. Their ground pins should be connected to 
the same potential, and all grounds should be "clean" and 
free of noise. 


In systems with multiple power supplies, careful attention to 
power supply sequencing may be necessary to avoid over- 
driving inputs. The AID 
converter's 
power supply pins 


should be at the proper voltage before digital or analog sig- 
nals are applied to any of the other pins. 


6.0 LAYOUT AND GROUNDING 
In order to ensure fast, accurate conversions from the 
ADC10662 and ADC10664, it is necessary to use appropri- 
ate circuit board layout techniques. The analog ground re- 
turn path should be low-impedance and free of noise from 
other parts of the system. Noise from digital circuitry can be 
especially troublesome, so digital grounds should always be 
separate from analog grounds. For best performance, sepa- 
rate ground planes should be provided for the digital and 
analog parts of the system. 


All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter's 
input 


should be connected to a very clean ground return point. 
Grounding the component at the wrong point will result in 
reduced conversion accuracy. 


7.0 DYNAMIC PERFORMANCE 
Many applications require the AID converter to digitize AC 
signals, but conventional DC integral and differential nonlin- 
earity specifications don't accurately predict the A/D con- 
verter's performance with AC input signals. The important 
specifications for AC applications reflect the converter's 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
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ic characteristics 
such 
as signal-to-noise 
ratio 
(SNR) 
and 


total 
harmonic 
distortion 
(THD), 
are quantitative 
measures 


of this capability. 


An AID 
converter's 
AC performance 
can be measured 
us- 


ing 
Fast 
Fourier 
Transform 
(FFT) 
methods. 
A sinusoidal 


waveform 
is applied 
to the AID 
converter's 
input, 
and the 


transform 
is then performed 
on the digitized 
waveform. 
The 


resulting 
spectral 
plot might look like the ones shown 
in the 


typical 
performance 
curves. 
The 
large 
peak 
is the 
funda- 
mental 
frequency, 
and the noise and distortion 
components 


(if any are present) 
are visible 
above 
and below 
the funda- 


mental 
frequency. 
Harmonic 
distortion 
components 
appear 


at whole 
multiples 
of the input frequency. 
Their 
amplitudes 


are combined 
as the square 
root of the sum of the squares 


and 
compared 
to the 
fundamental 
amplitude 
to yield 
the 


THD 
specification. 
Guaranteed 
limits 
for THD 
are given 
in 


the table 
of Electrical 
Characteristics. 


Signal-to-noise 
ratio is the ratio of the amplitude 
at the fun- 


damental 
frequency 
to the 
rms value 
at all other 
frequen- 
cies, excluding 
any harmonic 
distortion 
components. 
Guar- 


anteed 
limits are given in the Electrical 
Characteristics 
table. 


An alternative 
definition 
of signal-to-noise 
ratio includes 
the 


distortion 
components 
along with the random 
noise to yield 


a signal-to-noise-plus-distortion 
ration, 
or S/(N 
+ D). 


The THD and noise 
performance 
of the AID 
converter 
will 


change 
with 
the 
frequency 
of the 
input 
signal, 
with 
more 


distortion 
and noise 
occurring 
at higher 
signal 
frequencies. 


One way of describing 
the AID's 
performance 
as a function 


of signal frequency 
is to make a plot of "effective 
bits" 
ver- 


sus frequency. 
An ideal AID 
converter 
with 
no linearity 
er- 


rors or self-generated 
noise will have a signal-to-noise 
ratio 
equal to (6.02n + 1.8) dB. where 
n is the resolution 
in bits 


of the AID 
converter. 
A real AID 
converter 
will have some 
amount 
of noise and distortion, 
and the effective 
bits can be 
found 
by: 


S/(N + D) (dB) - 
1.8 


n (effective) 
= -------- 
6.02 


where 
S/(N + D) is the ratio of signal 
to noise 
and distor- 


tion, which 
can vary with frequency. 


As an example, 
an ADC10662 
with 
a 4.85 
Vp_p, 100 kHz 
sine wave 
input signal 
will typically 
have a signal-to-noise- 


plus-distortion 
ratio of 59.2 dB, which 
is equivalent 
to 9.53 


effective 
bits. As the input frequency 
increases, 
noise 
and 
distortion 
gradually 
increase. 
yielding 
a plot of effective 
bits 


or S/(N 
+ D) as shown 
in the typical 
performance 
curves. 


8.0 SPEED ADJUST 


The 
speed 
adjust 
pin is connected 
to an on-chip 
current 


source 
that 
determines 
the 
converter's 
internal 
timing. 
By 


connecting 
a resistor 
between 
the 
speed 
adjust 
pin 
and 
ground 
as shown 
in Figure 
4, the internal 
programming 
cur- 


rent is increased. 
which 
reduces 
the conversion 
time. 
The 


ADC1 0662 and ADC10664 
are specified 
and guaranteed 
for 


operation 
with 
RSA = 
14.0 kO (Mode 
1) or RSA = 
8.26k 


(Mode 
2). Smaller 
resistors 
will result 
in faster 
conversion 
times, 
but linearity 
will begin 
to degrade 
as RSA becomes 
smaller 
(see curves). 
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Semiconductor 


ADC12H030/ ACC 12H032/ ADC 12H034/ ADC12H038, 
ADC12030/ ADC12032/ ADC 12034/ ADC 12038 
Self-Calibrating 
12-Bit Plus Sign Serial I/O 
A/D Converters with MUX and Sample/Hold 


General Description 
The ADC12030. and ADC12H030 families are 12-bit plus 
sign successive approximation AID converters with serial 
I/O and configurable input multiplexers. The ADC12032/ 
ADC12H032. 
ADC12034/ ADC12H034 
and 
ADC12038/ 
ADC12H038 have 2. 4 and 8 channel multiplexers. respec- 
tively. The differential multiplexer outputs and AID inputs 
are available on the MUXOUT1. MUXOUT2. AlDINl 
and 


AlDIN2 pins. The ADC12030/ ADC12H030 has a two chan- 
nel multiplexer with the multiplexer outputs and AID inputs 
internally connected. The ADC12030 family is tested with a 
5 MHz clock. while the ADC12H030 family is tested with an 
8 MHz clock. On request. these AIDs go through a self 
calibration process that adjusts linearity. zero and full-scale 
errors to less than ± 1 LSB each. 
The analog inputs can be configured to operate in various 
combinations of single-ended. differential. or pseudo-differ- 
ential modes. A fully differential unipolar analog input range 
(OVto + 5V) can be accommodated with a single + 5V sup- 
ply. In the differential modes. valid outputs are obtained 
even when the negative inputs are greater than the positive 
because of the 12-bit plus sign output data format. 
The serial I/O 
is configured to comply with the NSC 


MICROWIRETM.For complementary voltage references see 
the LM4040. LM4041 or LM9140. 


Applications 
• 
Medical instruments 
• 
Process control systems 
• 
Test equipment 


Features 
• 
Serial I/O (MICROWIRE Compatible) 
• 
2. 4. or 8 channel differential or single-ended 
multiplexer 
• 
Analog input sample/hold function 
• 
Power down mode 
• 
Variable resolution and conversion rate 
• 
Programmable acquisition time 
• 
Variable digital output word length and format 
• 
No zero or full scale adjustment required 
• 
Fully tested and guaranteed with a 4.096V reference 
• 
OVto 5V analog input range with single 5V power 
supply 
• 
No Missing Codes over temperature 


Key Specifications 
• 
Resolution 
• 
12-bit plus sign conversion time 
- 
ADC12H030 family 
- 
ADC12030 family 
• 
12-bit plus sign throughput time 
- 
ADC12H030 family 
- 
ADC12030 family 
• 
Integral linearity error 
• 
Single supply 
• 
Power dissipation 
-Power 
down 


5.5 /1-s(max) 
8.8 /1-s(max) 


8.6/1-s (max) 
14 /1-s(max) 
±1 LSB (max) 


5V ±10% 


33 mW (max) 
100 /1-W(typ) 
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ADC12038 Simplified Block Diagram 


cs 
PO 
CONY 
ceLK 


DO 


,OC 


OOR 


CHO 


CHI 


CH2 
DO 
CH3 


C"' 


C", 


CHI 


CH' 


cow 


CD 
C")0 
Connection 
Diagrams 
N.•..0 
Q 
16·Pln Dual·ln·Llne 
and 
20·Pln Dual·ln·Llne 
and 
ce 
Wide Body SO Packages 
Wide Body SO Packages 
.•... 
...•. 
C")0 
CHO 
16 
Vo+ 
CHO 
20 
Vo+ 
N.•..0 
CH1 
15 
CCLK 
CHl 
19 
CCLK 
Q 
COIo4 
14 
SCLK 
COIo4 
18 
SCLK 
ce 
.•... 


OOR 
ADC12030 
13 
01 
Io4UXOUT1 
4 
17 
01 
N 
C") 


EOC 
5 
AoC12H030 
12 
00 
A/01N1 
16 
00 
0 
AOC 12032 
N 


VREr- 
11 
cs 
Io4UXOUT2 
AoC12H032 
15 
cs 
.•..0 
VREr+ 
10 
CONY 
A/01N2 
14 
CONY 
Qce 
OGNo 
9 
VA+ 
VREr- 
13 
EOC 
.•... 
0 
VREr+ 
12 
OOR 
C")0 
Top View 
TLIH/11354-6 
oGNo 
10 
11 
VA+ 
N.•..0 
Q 
Top View 


TL/H/11354-7 
ce 
cO 
C")0 
24·Pln Dual·ln-Llne 
and 
28·Pln Dual·ln·L1ne 
and 
::J: 
Wide Body SO Packages 
Wide Body SO Packages 
N.•..0 
Q 
CHO 
1 
24 
Vo· 
CHO 
28 
Vo· 
ce 
CH1 
2 
23 
DOR 
CH1 
27 
OOR 
- 
...•. 
C") 
CH2 
22 
CCLK 
CH2 
26 
CCLK 
0::J: 
CH3 
21 
SCLK 
CH3 
25 
SCLK 
N 
COIo4 
20 
01 
CH4 
24 
01 
.•.. 
(.) 


Io4UXOUTl 
19 
DO 
CH5 
23 
DO 
Q 
ADC12034 
ce 
A/01N1 
7 
ADC12H034 
18 
cs 
CH6 
22 
cs 
.•... 
AOC12038 
N 
Io4UXOUT2 
8 
17 
CONY 
CH7 
8 
ADC 12H038 
21 
CONY 
C")0 
A/01N2 
9 
16 
EOC 
COIo4 
20 
EOC 
::J: 
N 
VREr- 
10 
15 
PO 
Io4UXOUTI 
10 
19 
PO 
.•.. 
(.) 


VREr• 
11 
14 
AGNO 
A/DIN! 
AGNO 
Q 
OGNo 
12 
13 
VA· 
Io4UXOUT2 
VREr• 
ce 
.•... 


A/01N2 
VREr- 
0 
C") 
Top View 
TLIH/11354-B 


OGNO 
VA· 
0::J: 
N 
TL/H/11354-9 
.•.. 
Top View 
(.) 
Qce 
Ordering Information 


Industrial 
Temperature 
Range 
Package 
-40"C 
~ TA ~ +8S"C 


ADC12H030CIN. 
ADC12030CIN 
N16E 


ADC12H030CIWM. 
ADC12030CIWM 
M16B 


ADC12H032CIN. 
ADC12032CIN 
N20A 


ADC12H032CIWM. 
ADC12032CIWM 
M20B 


ADC12H034CIN. 
ADC12034CIN 
N24C 


ADC12H034CIWM. 
ADC12034CIWM 
M24B 


ADC12H038CIN. 
ADC12038CIN 
N28B 


ADC12H038CIWM. 
ADC12038CIWM 
M28B 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Operating 
Temperature 
Range 
TMIN S;; TA S;; TMAX 
please 
contact 
the 
National 
Semiconductor 
Sales 
ADC12030CIN, 
ADC12030CIWM, 


Office/Distributors 
for 
availability 
and specifications. 
ADC12H030CIN, 
ADC12H030CIWM, 


Positive 
Supply 
Voltage 
ADC12032CIN, 
ADC12032CIWM, 
(V+ = VA+ = Vo+) 
6.5V 
ADC12H032CIN, 
ADC12H032CIWM, 


Voltage 
at Inputs 
and Outputs 
ADC12034CIN, 
ADC12034CIWM, 


except 
CHO-CH7 
and COM 
-0.3Vto 
V+ 
+0.3V 
ADC12H034CIN, 
ADC12H034CIWM, 


Voltage 
at Analog 
Inputs 
ADC12038CIN, 
ADC12038CIWM, 


ADC12H038CIN, 
CHO-CH7 
and COM 
GND 
-5VtoV+ 
+5V 
ADC12H038CIWM 
-40·C 
s;;TA s;; +85·C 


IVA+ 
- 
vo+1 
300 mV 
SupplyVoltage(V+ 
= VA+ = Vo+) 
+ 4.5V to + 5.5V 
Input Current 
at Any Pin (Note 3) 
±30 
mA 
IVA+ 
- 
vo+1 
s;; 100mV 
Package 
Input Current 
(Note 3) 
±120mA 
VREF+ 
OVto VA+ 


Package 
Dissipation 
at 
VREF- 
OVtoVREF+ 
TA = 25·C (Note 4) 
500mW 


ESD Susceptability 
(Note 
5) 
VREF (VREF+ 
- 
VREF-) 
WtoVA+ 


Human 
Body Model 
1500V 
VREF Common 
Mode Voltage 
Range 


Soldering 
Information 
(VREF+ 
+ VREF-) 
0.1 VA + to 0.6 VA + 


N Packages 
(10 seconds) 
260·C 
2 


SO Package 
(Note 6): 
AlDIN1, 
AlDIN2, 
MUXOUT1 
Vapor 
Phase (60 seconds) 
215·C 
and MUXOUT2 
Voltage 
Range 
OVtoVA+ 


Infrared 
(15 seconds) 
220·C 
AID 
IN Common 
Mode Voltage 
Range 


Storage 
Temperature 
-65·C 
to + 150·C 
(VIN+ 
+ VIN-) 


2 
OVto VA + 


Converter 
Electrical Characteristics 


The following 
specifications 
apply for V+ = VA + = Vo+ 
= 
+ 5.0 Voc, 
VREF+ = 
+4.096 
Voc, 
VREF- 
= 0 Voc, 
12-bit 
+ 


sign conversion 
mode, 
fCK = fSK = 8 MHz for the ADC12H030, 
ADC12H032, 
ADC12H034 
and ADC12H038, 
fCK = fSK = 


5 MHz for the ADC12030, 
ADC12032, 
ADC12034 
and ADC12038, 
Rs = 250, 
source 
impedance 
for VREF+ 
and VREF- 
S;; 


250, 
fully-differential 
input with fixed 
2.048V 
common-mode 
voltage, 
and 
10(tet<> acquisition 
time unless 
otherwise 
specified. 


Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25·C. (Notes 
7, 8 and 9) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Limits) 


STATIC 
CONVERTER 
CHARACTERISTICS 


Resolution 
with No Missing 
Codes 
12 
+ sign 
Bits (min) 


+ILE 
Positive 
Integral 
Linearity 
Error 
After Auto-Cal 
(Notes 
12, 18) 
±1/2 
±1 
LSB (max) 


-ILE 
Negative 
Integral 
Linearity 
Error 
After Auto-Cal 
(Notes 
12, 18) 
±1/2 
±1 
LSB (max) 


DNL 
Differential 
Non-Linearity 
After Auto-Cal 
±1 
LSB (max) 


Positive 
Full-Scale 
Error 
After Auto-Cal 
(Notes 
12, 18) 
±1/2 
±3.0 
LSB(max) 


Negative 
Full-Scale 
Error 
After Auto-Cal 
(Notes 
12, 18) 
±1/2 
±3.0 
LSB (max) 


Offset 
Error 
After Auto-Cal 
(Notes 
5, 18) 
±1/2 
±2 
LSB (max) 
VIN(+) 
= VIN (-) 
= 2.048V 


DC Common 
Mode Error 
After Auto-Cal 
(Note 15) 
±2 
±3.5 
LSB(max) 


TUE 
Total Unadjusted 
Error 
After Auto-Cal 
±1 
LSB 
(Notes 
12, 13 and 14) 


Resolu1ion with No Missing Codes 
8-bit + sign mode 
8 + sign 
Bits (min) 


+INL 
Positive 
Integral 
Linearity 
Error 
8-bit + sign mode (Note 12) 
± 1/2 
LSB (max) 


-INL 
Negative 
Integral 
Linearity 
Error 
8-bit + sign mode (Note 12) 
± 1/2 
LSB (max) 


DNL 
Differential 
Non-Linearity 
8-bit + sign mode 
±3/4 
LSB (max) 


Politlve 
Full·Scale 
Error 
a-bit + sign mode (Note 12) 
±1/2 
LSB (max) 
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Converter 
Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for V+ 
= VA + = Vo+ 
= 
+5.0 
VOC, VREF+ 
= 
+4.096 
VOC, VREF- 
= 0 VOC, 12-bit 
+ 
sign conversion 
mode, 
fCK = fSK = 8 MHz for the ADC12H030, 
ADC12H032, 
ADC12H034 
and ADC12H038, 
fCK = fSK = 
5 MHz for the ADC12030, 
ADC12032, 
ADC12034 
and ADC12038, 
Rs = 2511, source 
impedance 
for VREF+ 
and VREF- 
S 
2511, fully-differential 
input with fixed 
2.048V 
common-mode 
voltage, 
and 10(lcK) 
acquisition 
time 
unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = T MIN to T MAX; all other 
limits TA = TJ = 25·C. (Notes 
7, 8 and 9) 


Units 


(Limits) 


Negative 
Full-Scale 
Error 
8-bit 
+ sign mode (Note 12) 
±1/2 
LSB (max) 


Offset 
Error 
8-bit 
+ sign mode, 


after Auto-Zero 
(Note 13) 
±1/2 
LSB (max) 


VIN( +) = VIN( -) 
= + 2.048V 


TUE 
Total Unadjusted 
Error 
8-bit 
+ sign mode 


after Auto-Zero 
±3/4 
LSB (max) 


(Notes 
12, 13 and 14) 


Multiplexer 
Channel 
to Channel 
±0.05 
LSB 
Matching 


Power Supply Sensitivity 
V+ = +5V 
±10% 


VREF = + 4.096V 


Offset 
Error 
±0.5 
±1 
LSB (max) 


+ 
Full-Scale 
Error 
±0.5 
± 1.5 
LSB (max) 


- 
Full-Scale 
Error 
±0.5 
± 1.5 
LSB (max) 


+ Integral 
Linearity 
Error 
±0.5 
LSB 
- 
Integral 
Linearity 
Error 
. 
±0.5 
LSB 


Output 
Data from 
(Note 20) 
. 
" 


"12-Bit 
Conversion 
of Offset" 
+10 
LSB (max) 


(see Table V) 
-10 
LSB (min) 


Output 
Data from 
(Note 20) 
4095 
LSB (max) 
"12-Bit 
Conversion 
of Full-Scale" 


(see Table V) 
4093 
LSB (min) 


S/(N+D) 
Signal-to-Noise 
Plus 
fiN = 1 kHz, VIN = 5 Vpp, VREF+ = 5.0V 
69.4 
dB 


Distortion 
Ratio 
fiN = 20 kHz, VIN = 5 Vpp, VREF+ = 5.0V 
68.3 
dB 


fiN = 40 kHz, VIN = 5 Vpp, VREF+ = 5.0V 
65.7 
dB 


-3 
dB Full Power Bandwidth 
VIN = 5 Vpp, where S/(N + D) drops 3 dB 
31 
kHz 


S/(N+D) 
Signal-to-Noise 
Plus 
fiN = 1 kHz, VIN = 
±5V, 
VREF+ = 5.0V 
77.0 
dB 


Distortion 
Ratio 
fiN = 20 kHz, VIN = ±5V, 
VREF+ = 5.0V 
73.9 
dB 


fiN = 40 kHz, VIN = ±5V, 
VREF+ = 5.0V 
67.0 
dB 


- 3 dB Full Power Bandwidth 
VIN = 
± 5V, where S/(N + D) drops 3 dB 
40 
kHz 


Electrical Characteristics 


The following 
specifications 
apply for V+ 
= VA + = Vo+ 
= + 5.0 VOC, VREF+ 
= + 4.096 
VOC, VREF- 
= 0 Voc, 
12-bit + 


sign conversion 
mode, 
fCK = fSK = 8 MHz for the ADC12H030, 
ADC12H032, 
ADC12H034 
and ADC12H038, 
fCK = fSK = 


5 MHz for the ADC12030, 
ADC12032, 
ADC12034 
and ADC12038, 
Rs = 25!l, 
source 
impedance 
for VREF+ 
and VREF- 
:s; 
25!l. 
fully-differential 
input with fixed 
2.048V 
common-mode 
voltage, 
and 
10(lcK) 
acquisition 
time unless 
otherwise 
specified. 


Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25°C. (Notes 
7, 8 and 9) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Limits) 


REFERENCE 
INPUT, 
ANALOG 
INPUTS 
AND MULTIPLEXER 
CHARACTERISTICS 


CREF 
Reference 
Input Capacitance 
85 
, 
pF 


CA/O 
AlDIN1 
and AlDIN2 
Analog 
Input 
75 
pF 
Capacitance 


AlDIN1 
and AlDIN2 
Analog 
Input 
VIN = + 5.0V or 
±0.1 
±1.0 
/LA (max) 
Leakage 
Current 
VIN = OV 


CHO-CH7 
and COM Input Voltage 
GND - 
0.05 
V (min) 


VA+ 
+ 0.05 
V (max) 


CcH 
CHO-CH7 
and COM Input Capacitance 
10 
pF 


CMUXOUT 
MUX Output Capacitance 
20 
pF 


Off Channel 
Leakage 
(Note 16) 
On Channel 
= 5V and 
-0.01 
-0.3 
/LA (min) 
CHO-CH7 
and COM Pins 
Off Channel = OV 


On Channel 
= OV and 
0.01 
0.3 
/LA (max) 
Off Channel = 5V 


On Channel 
leakage 
(Note 16) 
On Channel = 5V and 
0.01 
0.3 
,..A(max) 
CHO-CH7 
and COM Pins 
Off Channel = OV 


On Channel 
= OV and 
-0.01 
-0.3 
/LA (min) 
Off Channel = 5V 


MUXOUT1 
and MUXOUT2 
VMUXOUT = 5.0Vor 
0.01 
0.3 
/LA (max) 
leakage 
Current 
VMUXOUT = OV 


RON 
MUX On Resistance 
VIN = 2.5Vand 
!l(max) 


VMUXOUT = 2.4V 
850 
1150 


RON Matching 
Channel 
to Channel 
VIN = 2.5Vand 
5 
% 


VMUXOUT = 2.4V 


Channel 
to Channel 
Crosstalk 
VIN = 5 Vpp, fiN = 40 kHz 
-72 
dB 


MUX Bandwidth 
90 
kHz 
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AlJ\jl ",HU34 and ADC12H038, 
fCK = fSK = 
S MHz for the ADC12030, 
ADC12032, 
ADC12034 
and ADC12038, 
Rs = 2S0, 
source 
impedance 
for VREF+ 
and VREF- 
:S; 


2S0, 
fully-differential 
input with fixed 
2.048V 
common·mode 
voltage, 
and 10(!cK) 
acquisition 
time unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 2S"C. (Notes 
7,8 
and 9) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Limits) 


CCLK, 
CS, CON V, 01, PO AND SCLK 
INPUT CHARACTERISTICS 


VIN(1) 
Logical 
"1" 
Input Voltage 
V+ = S.SV 
2.0 
V (min) 


VINca) 
Logical 
"0" 
Input Voltage 
V+ = 4.SV 
0.8 
V (max) 


IIN(1) 
Logical 
"1" 
Input Current 
VIN = S.OV 
O.OOS 
1.0 
/LA (max) 


IIN(a) 
Logical 
"0" 
Input Current 
VIN = OV 
-O.OOS 
-1.0 
/LA (min) 


DO, EOC AND DOR DIGITAL 
OUTPUT 
CHARACTERISTICS 


VOUT(1) 
Logical 
"1" 
Output Voltage 
V+ = 4.SV, lOUT = -360/LA 
2.4 
V (min) 


V+ = 4.SV, lOUT = - 
10 /LA 
4.25 
V (min) 


VOUT(a) 
Logical 
"0" 
Output Voltage 
V+ = 4.SV, lOUT = 1.6 mA 
0.4 
V (max) 


lOUT 
TRI-STATE 
Output Current 
i 
VOUT = OV 
-0.1 
-3.0 
/LA (max) 


VOUT = SV 
0.1 
3.0 
/LA (max) 


+Isc 
Output 
Short Circuit Source Current 
VOUT = OV 
14 
8.5 
mA(min) 


-Isc 
Output 
Short Circuit Sink Current 
VOUT = Vo+ 
16 
8.0 
mA(min) 


POWER 
SUPPLY 
CHARACTERISTICS 


10+ 
Digital Supply Current 
Awake 
1.6 
2.5 
mA(max) 


ADC12030, 
ADC12032, 
ADC12034 
CS = HIGH, Powered 
Down, CCLK on 
600 
/LA 


and ADC12038 
CS = HIGH, Powered 
Down, CCLK off 
20 
/LA 


Digital Supply Current 
Awake 
2.3 
3.2 
mA 


ADC12H030, 
ADC12H032, 
ADC12H034 
CS = HIGH, Powered 
Down, CCLK on 
0.9 
mA 


and ADC12H038 
CS = HIGH, Powered 
Down, CCLK off 
20 
/LA 


IA+ 
Positive Analog 
Supply Current 
Awake 
2.7 
4.0 
mA(max) 


CS = HIGH, Powered 
Down, CCLK on 
10 
/LA 


CS = HIGH, Powered 
Down, CCLK off 
0.1 
/LA 


IREF 
Reference 
Input Current 
Awake 
70 
/LA 


CS = HIGH, Powered 
Down 
0.1 
/LA 


AC Electrical Characteristics 


The following 
specifications 
apply for V+ 
= VA + = VD+ 
= 
+ 5.0 VDC, VREF+ 
= 
+4.096 
VDC, VREF- 
= 0 VDC, 12-bit 
+ 
sign conversion 
mode, 
tr = tf = 3 ns, fCK = fSK = 8 MHz for the ADC12H030, 
ADC12H032, 
ADC12H034 
and ADC12H038, 
fCK = fSK = 5 MHz for the ADC12030, 
ADC12032, 
ADC12034 
and ADC12038, 
Rs = 250, 
source 
impedance 
for VREF + and 


VREF- 
,;; 250, 
fully-differential 
input with fixed 
2.048V 
common-mode 
voltage, 
and 10(!cK) 
acquisition 
time unless 
otherwise 


specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25°C. (Note 
17) 


AOC 12H030/2/4/8 
AOC12030/2/4/8 


Symbol 
Parameter 
Conditions 
Typical 
Units 


(Note 
10) 
Limits 
Limits 
(Limits) 


(Note 
11) 
(Note 
11) 


fCK 
Conversion 
Clock 
10 
8 
5 
MHz (max) 


(CCLK) Frequency 
1 
MHz (min) 


fSK 
Serial Data Clock 
10 
8 
5 
MHz (max) 


SCLK Frequency 
0 
Hz (min) 


Conversion 
Clock 
40 
40 
% (min) 
Duty Cycle 
60 
60 
% (max) 


Serial Data Clock 
40 
40 
% (min) 
Duty Cycle 
60 
60 
% (max) 


tc 
Conversion 
Time 
12-Bit 
+ Sign or 12-Bit 
44(!cK) 
44<teK) 
44<teK) 
(max) 


5.5 
8.8 
",s(max) 


8-Bit 
+ Sign or 8-Bit 
21 (!cK) 
21<teK) 
21<teK) 
(max) 


2.625 
4.2 
",s(max) 


tA 
Acquisition 
Time 
6 Cycles 
Programmed 
6(!cK) 
6<teK) 
6<teK) 
(min) 


(Note 19) 
7 <teK) 
7<teK) 
(max) 


0.75 
1.2 
",s(min) 


0.875 
1.4 
",s(max) 


10 Cycles 
Programmed 
10(!cK) 
10<teK) 
10<teK) 
(min) 


11<teK) 
11<teK) 
(max) 


1.25 
2.0 
",s(min) 


1.375 
2.2 
",s(max) 


18 Cycles 
Programmed 
18(tCK) 
18<teK) 
18<teK) 
(min) 
19<teK) 
19<teK) 
(max) 


2.25 
3.6 
",s(min) 


2.375 
3.8 
",s(max) 


34 Cycles 
Programmed 
34(!cK) 
34<teK) 
34<teK) 
(min) 


35<teK) 
35<teK) 
(max) 


4.25 
6.8 
",s(min) 


4.375 
7.0 
",s(max) 


!cKAL 
Self-Calibration 
Time 
4944(!cK) 
4944<teK) 
4944<teK) 
(max) 


618.0 
988.8 
",s(max) 


tAZ 
Auto-Zero 
Time 
76(!cK) 
76<teK) 
76<teK) 
(max) 


9.5 
15.2 
",s(max) 


tSYNC 
Self-Calibration 
or 
2(!cK) 
2<teK) 
2<teK) 
(min) 


Auto-Zero 
Synchronization 
3<teK) 
3<teK) 
(max) 
Time from DOR 
0.250 
0.40 
",s(min) 


0.375 
0.60 
",s(max) 


tooR 
DOR High Time 
9(tSK) 
9<tSK) 
9<tSK) 
(max) 
when c:;g is Low 
1.125 
1.8 
",s(max) 
Continuously 
for Read 


Data and Software 
Power Up/Down 


~ 
~ 
Valid Data Time 
8(tSK) 
8<tSK) 
8<IsK) 
(max) 


1.0 
1.6 
",s(max) 


»c 
(')..•. 
N 
::J: 
C)w 
C) 
..•..•.»c 
(')..•. 
N 
::J: 
C) 
W 
N 
..•..•.»c 
(') 
..•. 
N 
::J: 
C)w 
.•... 
..•..•.»c 
(') 
..•. 
N 
::J: 
C)w 
s»»c 
(')..•. 
N 
C) 
W 
C) 
..•..•.»c 
(')..•. 
N 
C) 
W 
N 
..•..•.»c 
(')..•. 
N 
C)~. 
C 
(')..•. 
N 
C) 
W 
CD 


AC Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for V+ 
= VA + = VD+ 
= 
+5.0 
VDC, VREF+ 
= 
+4.096 
VDC, VREF- 
= 0 Voc, 
12-bit 
+ 
sign conversion 
mode, t, = tf = 3 ns, fCK = fSK = 8 MHz for the ADC12H030, 
ADC12H032, 
ADC12H034 
and ADC12H038, 
fCK = fSK = 5 MHz for the ADC12030, 
ADC12032, 
ADC12034 
and ADC12038, 
Rs = 250, 
source 
impedance 
for VREF+ 
and 
VREF- 
,;; 250, 
fully-differential 
input with fixed 
2.048V 
common-mode 
voltage, 
and 10(leK) 
acquisition 
time unless 
otherwise 
specified. 
Boldface 
limits apply 
for TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25°C. (Note 
17) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Limits) 


tHPU 
Hardware 
Power-Up 
Time, Time from 
140 
250 
f'os(max) 


PO Falling Edge to EOC Rising Edge 


tspu 
Software 
Power-Up 
Time, Time from 


Serial Data Clock Falling Edge to 
140 
250 
f'os(max) 


EOC Rising Edge 


tACC 
Access 
Time Delay from 
20 
50 
ns(max) 
CS Falling Edge to DO Data Valid 


tSET-UP 
Set-Up Time of CS Falling Edge to 
30 
ns(min) 


Serial Data Clock Rising Edge 


tDELAY 
Delay from SCLK Falling 
0 
5 
ns(min) 


Edge to CS Falling Edge 


t1H, toH 
Delay from CS Rising Edge to 
RL = 3k, CL = 100 pF 
40 
100 
ns (max) 
DOTRI-STATE~ 


tHDI 
01 Hold Time from Serial Data 
5 
15 
ns(min) 


Clock Rising Edge 


tSDI 
01 Set-Up 
Time from Serial Data 
5 
10 
ns(min) 


Clock Rising Edge 


tHDO 
DO Hold Time from Serial Data 
RL = 3k,CL 
= 100pF 
25 
50 
ns(max) 


Clock Falling Edge 
5 
ns(min) 


tDDD 
Delay from Serial Data Clock 
35 
50 
ns(max) 
Falling Edge to DO Data Valid 


tROD 
DO Rise Time, TRI-STATE 
to High 
RL = 3k,CL 
= 100pF 
10 
30 
ns(max) 


DO Rise Time, Low to High 
10 
30 
ns(max) 


tFDD 
DO Fall Time, TRI-STATE 
to Low 
RL = 3k,CL 
= 100pF 
12 
30 
ns(max) 


DO Fall Time, High to Low 
12 
30 
ns(max) 


leD 
Delay from CS Falling Edge 
25 
45 
ns(max) 
to DOR Falling Edge 


tSD 
Delay from Serial Data Clock Falling 
25 
45 
ns(max) 
Edge to OaR Rising Edge 


CIN 
Capacitance 
of Logic Inputs 
10 
pF 


CDUT 
Capacitance 
of Logic Outputs 
20 
pF 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device 
is not operated 
under the listed test 
conditions. 


Note 2: All voltages are measured with respect to GND, unless otherwise 
specified. 


Note 3: When the input voltage (VIN) at any pin exceeds the power supplies (VIN < GND or VIN > VA + or Vo +), the current at that pin should be limited to 30 mA. 
The 120 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 30 mA to four. 


Note 4: The maximum power dissipation must be derated at elevated temperatures 
and is dictated by TJmax, 8JA and the ambient temperature, 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is Po = (TJmax - 
TA>/8JA or the number given in the Absolute 
Maximum Ratings, whichever 
is lower. For this 
device, TJmax = 150"C. The typical thermal resistance 
(0JA> of these parts when board mounted follow: 


Thermal 
Part Number 
Resistance 


IJJA 


ADC12H030CIN, 
ADC12030CIN 
53'C/W 


ADC12H030CIWM, 
ADC12030CIWM 
70'C/W 


ADC12H032CIN, 
ADC12032CIN 
46'C/W 


ADC12H032CIWM, 
ADC12032CIWM 
64'C/W 


ADC12H034CIN, 
ADC12034CIN 
42'C/W 


ADC12H034CIWM, 
ADC12034CIWM 
57'C/W 


ADC12H038CIN, 
ADC12038CIN 
40'C/W 


ADC12H038CIWM, 
ADC12038CIWM 
50'C/W 


Note 5: The human body model is a 100 pF capacitor 
discharged 
through a 1.S kO resistor into each pin. 


Note 6: See AN450 "Surface 
Mounting Methods 
and Their Effect on Product Reliability" 
or the section titled "Surface 
Mount" 
found in any post 1986 National 
Semiconductor 
Unear Data Book for other methods of soldering surface mount devices. 


Not. 7: Two on-chip diodes are tied to each analog input through a series resistor as shown below. Input voltage magnitude up to SV above VA + or SV below GNO 
will not damage 
this devtce. 
However, 
errors in the AID 
conversion 
can occur (if these diodes are forward 
biased by more than SO mV) if the input voltage 
magnitude 
of selected or unselected 
analog input go above VA + or below GND by more than SOmY. As an example, if VA + is 4.5 Voc, full-scale 
input voltage 
must be :!>:4.SSVoc to ensure accurate 
conversions. 
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Note 8: To guarantee accuracy, it is required that the VA + and Vo+ 
be connected 
together to the same power supply with separate bypass capacitors 
at each V+ 


pin. 


Note 9: With the test condition 
for VREF (VREF+ 
- 
VREF-) 
given as +4.096V, 
the 12-bit LSB is 1.0 mV and the B-bit LSB is 16.0 mY. 
Not. 10: Typicals are at TJ = TA = 2SoC and represent 
most likely parametric 
norm. 


Note 
11: Tested limits are guaranteed 
to Nationai's 
AOOL (Average Outgoing Quality Level). 


Note 12: Positive integral linearity error is defined as the deviation of the analog value, expressed 
in LSBs, from the straight line that passes through positive full· 


scale and zero. For negative integral linearity error, the straight line passes through negative full-scale 
and zero (see Figures tb and te). 


Not. 
13: Zero error is a measure of the deviation from the mid-scale voltage (a code of zero), expressed 
in LSB. It is the worst-case 
value of the code transitions 
between 
1 to 0 and 0 to + 1 (see Figure 2). 


Note 14: Total unadjusted 
error includes offset, full·scale, 
linearity and multiplexer errors. 


Note 15: The DC common·mode 
error is measured in the differential 
multiplexer 
mode with the assigned positive and negative input channels 
shorted together. 


Note 16: Channel leakage current is measured after the channel selection. 


Note 17: Timing specifications 
are tested at the TIL 
logic levels, VIL = 0.4V for a falling edge and VIH = 2.4V for a rising edge. TRI·STATE output voltage is forced 
to 1.4V. 


Not. 
18: The ADC12030 
family's 
self-calibration 
technique 
ensures linearity and offset errors as specified, 
but noise inherent in the self·calibration 
process will 


result in a maximum repeatability 
uncertainty 
of 0.2 LSB. 


Note 18: If SCLK and CCLK are driven from the same clock source, then tA is 6,10,18 
or 34 clock periods minimum and maximum. 


Note 20: The "12·Bit Conversion of Offset" 
and "12-Bit Conversion 
of Full-Scale" 
modes are intended to test the functionality 
of the device. Therefore, 
the output 
data from these modes are not an indication 
of the accuracy of a conversion 
result. 
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FIGURE 
lb. Simplified 
Error Curve va Output 
Code without 
Aut0-C8l1b •.•tlon or Auto-Zero 
Cycle. 
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Typical Performance Characteristics 
(Continued) 
The following curves apply for 12-bit + sign mode after auto·calibration unless otherwise specified. The performance for 8·bit + 
sign mode is equal to or better than shown. 
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Typical Dynamic Performance Characteristics 
The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. 
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Bipolar Spectral Response 
with 30 kHz Sine Wave Input 
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Typical Dynamic Performance Characteristics 
(Continued) 


The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. 
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Pin Descriptions 
CCLK 
The clock applied to this input controls the su- 
cessive approximation conversion time interval 
and the acquisition time. The rise and fall times 
of the clock edges should not exceed 1 p.s. 


SCLK 
This is the serial data clock input. The clock 
applied to this input controls the rate at which 
the serial data exchange occurs. The rising 
edge loads the information on the DI pin into 
the multiplexer address and mode select shift 
register. This address controls which channel of 
the analog input multiplexer (MUX) is selected 
and the mode of operation for the AID. With CS 
low the falling edge of SCLK shifts the data re- 
sulting from the previous ADC conversion out 
on DO, with the exception of the first bit of data. 
When CS is low continously, the first bit of the 
data is clocked out on the rising edge of EOC 
(end of conversion). When CS is toggled the 
falling edge of CS always clocks out the first bit 
of data. CS should be brought low when SCLK 
is low. The rise and fall times of the clock edges 
should not exceed 1 p.s. 


DI 
This is the serial data input pin. The data ap- 
plied to this pin is shifted by the rising edge of 
SCLK into the multiplexer address and mode 
select register. Tables II through V show the as- 
signment of the multiplexer address and the 
mode select data. 


DO 
The data output pin. This pin is an active push/ 
pull output when CS is low. When CS is high, 
this output is TRI-STATE. The AID conversion 
result (DO-D12) and converter status data are 
clocked out by the falling edge of SCLK on this 
pin. The word length and format of this result 
can vary (see Table I). The word length and for- 
mat are controlled by the data shifted into the 
multiplexer address and mode select register 
(see Table V). 


EOC 
This pin is an active push/pull output and indi- 
cates 
the 
status 
of 
the 
ADC12030/2/4/8. 
When low, it signals that the AID is busy with a 
conversion, auto-calibration, auto-zero or power 
down cycle. The rising edge of EOC signals the 
end of one of these cycles. 


CS 
This is the chip select pin. When a logic low is 
applied to this pin, the rising edge of SCLK 
shifts the data on DI into the address register. 
This low also brings DO out of TRI-STATE. With 
CS low the falling edge of SCLK shifts the data 
resulting from the previous ADC conversion out 
on DO, with the exception of the first bit of data. 
When CS is low continously, the first bit of the 
data is clocked out on the rising edge of EOC 
(end of conversion). When CS is toggled the 
falling edge of CS always clocks out the first bit 
of data. CS should be brought low when SCLK 
is low. The falling edge of CS resets a conver- 
sion in progress and starts the sequence for a 
new conversion. When CS is brought back low 
during a conversion, that conversion is prema- 


turely terminated. The data in the output latches 
may be corrupted. Therefore, 
when CS 
is 
brought back low during a conversion in prog- 
ress the data output at that time should be ig- 
nored. CS may also be left continuously low. In 
this case it is imperative that the correct number 
of SCLK pulses be applied to the ADC in order 
to remain synchronous. After the ADC supply 
power is applied it expects to see 13 clock puls- 
es for each I/O sequence. The number of clock 
pulses the ADC expects is the same as the digi- 
tal output word length. This word length can be 
modified by the data shifted in on the DO pin. 
Table V details the data required. 


DOR 
This is the data output ready pin. This pin is an 
active push/pull output. lt is low when the con- 
version result is being shifted out and goes high 
to signal that all the data has been shifted out. 


CONY 
A logic low is required on this pin to program 
any mode or change the ADC's configuration as 
listed in the Mode Programming Table (Table V) 
such as 12-bit conversion, 8-bit conversion, 
Auto Cal, Auto Zero etc. When this pin is high 
the ADC is placed in the read data only mode. 
While in the read data only mode, bringing CS 
low and pulsing SCLK will only clock out on DO 
any data stored in the ADCs output shift regis- 
ter. The data on DI will be neglected. A new 
conversion will not be started and the ADC will 
remain in the mode and/or configuration previ- 
ously programmed. Read data only cannot be 
performed while 
a conversion, 
Auto-Calor 
Auto-Zero are in progress. 


PD 
This is the power down pin. When PD is high 
the AID is powered down; when PD is low the 
AID is powered up. The AID takes a maximum 
of 250 p's to power up after the command is 
given. 
CHO-CH7 These are the analog inputs of the MUX. A 
channel input is selected by the address infor- 
mation at the DI pin, which is loaded on the 
rising edge of SCLK into the address register 
(see Tables II through IV). 


The voltage applied to these inputs should not 
exceed VA+ or go below GND. Exceeding this 
range on an unselected channel will corrupt the 
reading of a selected channel. 


COM 
This pin is another analog input pin. lt is used as 
a pseudo ground when the analog multiplexer is 
single-ended. 
MUXOUT1,These are the multiplexer output pins. 
MUXOUT2 
AlDIN1, 
These are the converter input pins. MUXOUT1 
AlDIN2 
is usually tied to AlDIN1. MUXOUT2 is usually 
tied to AlDIN2. If external circuitry is placed be- 
tween MUXOUT1 and AlDIN1, 
or MUXOUT2 
and AlDIN2 
it may be necessary to protect 
these pins. The voltage at these pins should not 
exceed VA+ or go below AGND (see Figure 3). 


put. In orOer to maintain 
accuracy, 
me voltage 
range 
of VREF (VREF = VREF+ 
- 
VREF-) 
is 
1 Voc 
to 5.0 Voc 
and 
the 
voltage 
at VREF+ 
cannot 
exceed 
VA +. See Figure 
4 for recom- 
mended 
bypassing. 


The 
negative 
voltage 
reference 
input. 
In order 
to 
maintain 
accuracy, 
the 
voltage 
at this 
pin 
must 
not go below 
GND or exceed 
VA +. (See 
Figure 4). 


rrom 
external 
circuitry 


DGND 


AGND 


pins. vA 
I ana vO 
I cutJnUL 
(,;UrHlt:J\,;lt:JU 
lUyt:tUlt:H 


on the chip. 
These 
pins should 
be tied 
to the 
same 
power 
supply 
and 
bypassed 
separately 
(see Figure 
4). 
The operating 
voltage 
range 
of 
VA + and Vo + is 4.5 Voc 
to 5.5 Voc. 


This is the digital 
ground 
pin (see Figure 
4 ). 


This is the analog 
ground 
pin (see Figure 
4 ). 
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Tables 


TABLE 
I. Data Out Formats 


DO Formats 
DBO 
DBl 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 
DBB 
DB9 
DB10 
DBll 
DB12 
DB13 
DB14 
DB15 
DB16 


17 
X 
X 
X 
X 
Sign 
MSB 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
LSB 
Bits 


MSB 
13 
Sign 
MSB 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
LSB 
First 
Bits 


9 
Sign 
MSB 
6 
5 
4 
3 
2 
1 
LSB 
with 
Bits 


Sign 
17 


Bits 
LSB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MSB 
Sign 
X 
X 
X 
X 


LSB 
13 
LSB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MSB 
Sign 
First 
Bits 


9 
LSB 
1 
2 
3 
4 
5 
6 
MSB 
Sign 
Bits 


16 
0 
0 
0 
0 
MSB 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
LSB 
Bits 


MSB 
12 
MSB 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
LSB 
First 
Bits 


8 
MSB 
6 
5 
4 
3 
2 
1 
LSB 
without 
Bits 


Sign 
16 


Bits 
LSB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MSB 
0 
0 
0 
0 


LSB 
12 
LSB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MSB 
First 
Bits 


8 
LSB 
1 
2 
3 
4 
5 
6 
MSB 
Bits 


x - 
High or Low stato. 


TABLE 
II. ADC1203B 
Multiplexer 
Addressing 


Analog 
Channel 
Addressed 
AID 
Input 
Multiplexer 


MUX 
and Assignment 
Polarity 
Output 


Address 
with AlDIN1 
tied to MUXOUT1 
Assignment 
Channel 
Mode 
and AlDIN2 
tied to MUXOUT2 
Assignment 


010 
011 
012 
013 
CHO 
CHl 
CH2 
CH3 
CH4 
CH5 
CH6 
CH7 
COM 
AlDIN1 
AlDIN2 
MUXOUTl 
MUXOUT2 


L 
L 
L 
L 
+ 
- 
+ 
- 
CHO 
CH1 


L 
L 
L 
H 
+ 
- 
+ 
- 
CH2 
CH3 


L 
L 
H 
L 
+ 
- 
+ 
- 
CH4 
CH5 
L 
L 
H 
H 
+ 
- 
+ 
- 
CH6 
CH7 
L 
H 
L 
L 
- 
+ 
- 
+ 
CHO 
CH1 
Differential 


L 
H 
L 
H 
- 
+ 
- 
+ 
CH2 
CH3 


L 
H 
H 
L 
- 
+ 
- 
+ 
CH4 
CH5 


L 
H 
H 
H 
- 
+ 
- 
+ 
CH6 
CH7 


H 
L 
L 
L 
+ 
- 
+ 
- 
CHO 
COM 


H 
L 
L 
H 
+ 
- 
+ 
- 
CH2 
COM 
H 
L 
H 
L 
+ 
- 
+ 
- 
CH4 
COM 
H 
L 
H 
H 
+ 
- 
+ 
- 
CH6 
COM 


H 
H 
L 
L 
+ 
- 
+ 
- 
CH1 
COM 
Single-Ended 


H 
H 
L 
H 
+ 
- 
+ 
- 
CH3 
COM 


H 
H 
H 
L 
+ 
- 
+ 
- 
CH5 
COM 
H 
H 
H 
H 
+ 
- 
+ 
- 
CH7 
COM 


Tables 
(Continued) 


TABLE III. AOC12034 Multiplexer Addressing 
. 


Analog Channel Addressed 
AID Input 
Multiplexer 


MUX 
and Assignment 
Polarity 
Output 


Address 
with AlDIN1 tied to MUXOUT1 
Assignment 
Channel 
Mode 
and AlDIN2 tied to MUXOUT2 
Assignment 


010 
011 
012 
CHO 
CH1 
CH2 
CH3 
COM 
AlOIN1 
AlOIN2 
MUXOUT1 
MUXOUT2 


L 
L 
L 
+ 
- 
+ 
- 
CHO 
CH1 
L 
L 
H 
+ 
- 
+ 
- 
CH2 
CH3 
Differential 
L 
H 
L 
- 
+ 
- 
+ 
CHO 
CH1 


L 
H 
H 
- 
+ 
- 
+ 
CH2 
CH3 


H 
L 
L 
+ 
- 
+ 
- 
CHO 
COM 


H 
L 
H 
+ 
- 
+ 
- 
CH2 
COM 
Single-Ended 
H 
H 
L 
+ 
- 
+ 
- 
CH1 
COM 


H 
H 
H 
+ 
- 
+ 
- 
CH3 
COM 


TABLE IV. AOC12032 and AOC12030 Multiplexer Addressing 


Analog Channel Addressed 
AID Input 
Multiplexer 


MUX 
and Assignment 
Output 


Address 
with AlDIN1 tied to MUXOUT1 
Polarity 
Channel 
Mode 


and AlDIN2 tied to MUXOUT2 
Assignment 
Assignment 


010 
011 
CHO 
CH1 
COM 
AlOIN1 
AlOIN2 
MUXOUT1 
MUXOUT2 


L 
L 
+ 
- 
+ 
- 
CHO 
CH1 
Differential 
L 
H 
- 
+ 
- 
+ 
CHO 
CH1 


H 
L 
+ 
- 
+ 
- 
CHO 
COM 


H 
H 
+ 
- 
+ 
- 
CH1 
COM 
Single-Ended 


Note: ADC12030 
and ADC12H030 
do not have AlDIN1, 
A/DIN2, 
MUXOUn 
and MUXOUT2 pins. 


Tables 
(Continued) 


TABLE 
V. Mode Programming 


AOC12038 
010 
011 
012 
013 
014 
015 
016 
017 


AOC12034 
010 
011 
012 
013 
014 
015 
016 
Mode Selected- 
DO Format 


AOC12030 
(Current) 
(next Conversion 


and 
010 
011 
012 
013 
014 
015 
Cycle) 


AOC12032 


See Tables 
II, III or IV 
L 
L 
L 
L 
12 Bit Conversion 
12 or 13 Bit MSB First 


See Tables 
II, III or IV 
L 
L 
L 
H 
12 Bit Conversion 
16 or 17 Bit MSB First 


See Tables 
II, III or IV 
L 
L 
H 
L 
8 Bit Conversion 
8 or 9 Bit MSB First 


L 
L 
L 
L 
L 
L 
H 
H 
12 Bit Conversion 
of Full-Scale 
12 or 13 Bit MSB First 


See Tables 
II, III or IV 
L 
H 
L 
L 
12 Bit Conversion 
12 or 13 Bit LSB First 


See Tables 
11,111 or IV 
L 
H 
L 
H 
12 Bit Conversion 
16 or 17 Bit LSB First 


See Tables 
II, III or IV 
L 
H 
H 
L 
8 Bit Conversion 
8 or 9 Bit LSB First 


L 
L 
L 
L 
L 
H 
H 
H 
12 Bit Conversion 
of Offset 
12 or 13 Bit LSB First 


L 
L 
L 
L 
H 
L 
L 
L 
AutoCal 
No Change 


L 
L 
L 
L 
H 
L 
L 
H 
Auto Zero 
No Change 


L 
L 
L 
L 
H 
L 
H 
L 
Power Up 
., 
No Change 


L 
L 
L 
L 
H 
L 
H 
H 
Power Down 
No Change 


L 
L 
L 
L 
H 
H 
L 
L 
Read Status 
Register 
No Change 


L 
L 
L 
L 
H 
H 
L 
H 
Data Out without 
Sign 
No Change 


H 
L 
L 
L 
H 
H 
L 
H 
Data Out with Sign 
No Change 


L 
L 
L 
L 
H 
H 
H 
L 
Acquisition 
Time--8 
CCLK Cycles 
No Change 


L 
H 
L 
L 
H 
H 
H 
L 
Acquisition 
Time-1 
0 CCLK Cycles 
No Change 


H 
L 
L 
L 
H 
H 
H 
L 
Acquisition 
Time-18 
CCLK Cycles 
No Change 


H 
H 
L 
L 
H 
H 
H 
L 
Acquisition 
Time-34 
CCLK Cycles 
No Change 


L 
L 
L 
L 
H 
H 
H 
H 
User Mode 
No Change 


H 
X 
X 
X 
H 
H 
H 
H 
Test Mode 
No Change 
(CH1-CH7 
become 
Active Outputs) 


Note: 
The AID 
powers up with no Auto Cal, no Auto Zero, 10 CClK acquisition time, 12-bit + sign conversion, 
power up, 12- or 13-bit MSB first, and user mode. 


X = Don't Care 


TABLE 
VI. Conversion/Read 
Data Only Mode Programming 


CS 
CON V 
PO 
Mode 
, 


L 
L 
L 
See Table V for Mode 


I 
L 
H 
L 
Read Only (Previous 
DO Format). 
No Conversion. 


H 
X 
L 
Idle 


I 
X 
X 
H 
Power Down 


x - 
Don't Care 


DO Output 
Format Status 


"High" 
"High" 
"High" 
"High" 
When "High" 
indicates an 8 indicates a 12 indicates a 16 indicates that 
the 
or 9 bit format or 13 bit 
or 17 bit 
the sign bit is 
conversion 
format 
format 
included. 
result will be 
When "Low" 
output MSB 
the sign bit is 
first. When 
not included. 
"Low" the 
result will be 
output LSB 
first. 


Status 
Bit 


Location 


Status 
Bit 


"High" 
indicates a 
Power Up 
Sequence is 
in progress 


"High" 
indicates an 
Auto-Cal 
Sequence is 
in progress 


"High" 
indicates a 
Power Down 
Sequence is 
in progress 


Application 
Hints 


1.0 DIGITAL 
INTERFACE 


1.1 Interface 
Concepts 


The 
example 
in 
Figure 
5 
shows 
a typical 
sequence 
of 
events 
after the power 
is applied 
to the ADC12030/2/4/8: 


TLiH/11354-36 
FIGURE 
5. Typical 
Power 
Supply 
Power 
Up Sequence 


The first instruction 
input to the AID 
via DI initiates 
Auto Cal. 


The data 
output 
on DO at that 
time is meaningless 
and is 
completely 
random. 
To determine 
whether 
the Auto Cal has 
been 
completed, 
a read status 
instruction 
is issued 
to the 
A/D. 
Again 
the data output 
at that time has no significance 
since the Auto Cal procedure 
modifies 
the data in the output 
shift register. 
To retrieve 
the status 
information, 
an addition- 
al read status 
instruction 
is issued 
to the AID. 
At this time 
the status 
data 
is available 
on DO. If the Cal signal 
in the 
status 
word, 
is low Auto 
Cal has been 
completed. 
There- 
fore, the next instruction 
issued can start a conversion. 
The 
data output 
at this time is again status 
information. 
To keep 
noise from corrupting 
the AID 
conversion, 
status can not be 
read during a conversion. 
If CS is strobed 
and is brought 
low 
during 
a conversion. 
that conversion 
is prematurely 
ended. 
EOC can be used to determine 
the end of a conversion 
or 
the 
AID 
controller 
can 
keep 
track 
in software 
of when 
it 
would 
be appropriate 
to comnmunicate 
to the 
AID 
again. 
Once it has been determined 
that the AID 
has completed 
a 
conversion, 
another 
instruction 
can 
be transmitted 
to the 
A/D. 
The data from this conversion 
can be accessed 
when 
the next instruction 
is issued to the AID. 


Note. when CS is low continuously 
it is important 
to transmit 


the exact 
number 
of SCLK 
cycles, 
as shown 
in the timing 
diagrams. 
Not doing 
so will desynchronize 
the serial 
com- 
munication 
to the AID. 
(See Section 
1.3.) 


When "High" 
the device is 
in test mode. 
When "Low" 
the device is 
in user mode. 


1.2 Changing 
Configuration 


The configuration 
of the ADC12030/2/4/8 
on power 
up de- 
faults 
to 12-bit plus sign resolution, 
12- or 13-bit MSB First, 


10 CCLK acquisition 
time, user mode, 
no Auto Cal, no Auto 
Zero, and power up mode. Changing 
the aquisition 
time and 
turning 
the sign bit on and off requires 
an 8-bit instruction 
to 
be issued to the ADC. This instruction 
will not start a conver· 
sion. The instructions 
that select 
a multiplexer 
address 
and 
format 
the output 
data do start 
a conversion. 
Figure 6 de- 
scribes 
an 
example 
of changing 
the 
configuration 
of the 
ADC12030/2/4/8. 


During 1/0 sequence 
1, the instruction 
on DI configures 
the 
ADC12030/2/4/8 
to do a conversion 
with 12-bit + sign res- 


olution. 
Notice 
that when 
the 6 CCLK Acquisition 
and Data 
Out without 
Sign 
instructions 
are issued 
to the 
ADC, 
1/0 
sequences 
2 and 3, a new conversion 
is not started. 
The 
data 
output 
during 
these 
instructions 
is from 
conversion 
N 
which 
was started 
during 
1/0 
sequence 
1. The Configura- 
tion Modification 
timing 
diagram 
describes 
in detail 
the se- 


quence 
of events 
necessary 
for a Data 
Out without 
Sign, 


Data Out with Sign. or 6/10/18/34 
CCLK 
Acquisition 
time 
mode 
selection. 
Table 
V describes 
the actual 
data 
neces- 


sary to be input to the ADC to accomplish 
this configuration 
modification. 
The next instruction, 
shown 
in Figure 6, issued 
to the AID 
starts 
conversion 
N + 1 with 8 bits of resolution 
formatted 
MSB first. Again 
the data 
output 
during 
this 1/0 
cycle 
is the data from 
conversion 
N. 


The number 
of SCLKs 
applied 
to the AID 
during 
any con- 


version 
1/0 
sequence 
should 
vary in accord 
with the data 
out word format 
chosen 
during the previous 
conversion 
1/0 
sequence. 
The 
various 
formats 
and 
resolutions 
available 
are shown 
in Table 
I. In Figure 
6, since 
8-bit 
without 
sign 
MSB 
first format 
was 
chosen 
during 
I/O 
sequence 
4, the 
number 
of SCLKs 
required 
during 
1/0 
sequence 
5 is 8. In 
the 
following 
1/0 
sequence 
the 
format 
changes 
to 
12-bit 
without 
sign MSB first; therefore 
the number 
of SCLKs 
re- 
quired 
during 
I/O sequence 
6 changes 
accordingly 
to 12. 


1.3 CS Low Continuously 
Considerations 


When CS is continuously 
low, it is important 
to transmit 
the 
exact 
number 
of SCLK 
pulses 
that 
the ADC 
expects. 
Not 
doing 
so will desynchronize 
the 
serial 
communications 
to 
the ADC. When the supply power is first applied 
to the ADC, 
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Application 
Hints (Continued) 


it will expect to see 13 SCLK pulses for each I/O transmis- 
sion. The number of SCLK pulses that the ADC expects to 
see is the same as the digital output word length. The digital 
output word length is controlled by the Data Out (DO) for- 
mat. The DO format maybe changed any time a conversion 
is started or when the sign bit is turned on or off. The table 
below details out the number of clock periods required for 
different DO formats: 


Number of 
DO Format 
SCLKs 
Expected 


a-Bit MSB or LSB First 
SIGN OFF 
a 


SIGN ON 
9 


12-Bit MSB or LSB First 
SIGN OFF 
12 


SIGN ON 
13 


16-Bit MSB or LSB first 
SIGN OFF 
16 


SIGN ON 
17 


If erroneous SCLK pulses desynchronize the communica- 
tions, the simplest way to recover is by cycling the power 
supply to the device. Not being able to easily resynchronize 
the device is a shortcoming of leavingcg low continuously. 
The number of clock pulses required for an I/O exchange 
may be different for the case when cg is left low continu- 
ously vs the case when cg is cycled. Take the I/O se- 
quence detailed in Figure 5 (Typical Power Supply Se- 
quence) as an example. The table below lists the number of 
SCLK pulses required for each instruction: 


Instruction 
CSLow 
CSStrobed 
Continuously 


AutoCal 
13 SCLKs 
aSCLKs 


Read Status 
13SCLKs 
aSCLKs 


Read Status 
13SCLKs 
aSCLKs 


12-Bit + Sign Conv 1 
13 SCLKs 
aSCLKs 


12-Bit + Sign Conv 2 
13SCLKs 
13SCLKs 


1.4 Analog Input Channel Selection 
The data input on DI also selects the channel configuration 
for a particular AID conversion (see Tables II, III, IV and V). 


I/o sequincil 


In Figure 6 the only times when the channel configuration 
could be modified would be during I/O sequences 1, 4, 5 
and 6. Input channels are reselected before the start of 
each new conversion. Shown below is the data bit stream 
required on DI, during I/O sequence number 4 in Figure 6, 
to set CH1 as the positive input and CHOas the negative 
input for the different versions of ADCs: 


Part Number 
01 Data 


010 
011 
012 
013 
014 
015 
016 
017 


AOC12H030 
L 
H 
L 
L 
H 
L 
X 
X 
AOC12030 


AOC12H032 
L 
H 
L 
L 
H 
L 
X 
X 
AOC12032 


AOC12H034 
L 
H 
L 
L 
L 
H 
L 
X 
AOC12034 


AOC12H038 
L 
H 
L 
L 
L 
L 
H 
L 
AOC12038 


1.5 Power Up/Down 
The ADC may be powered down at any time by taking the 
PD pin HIGH or by the instruction input on DI (see Tables V 
and VI, and the Power Up/Down timing diagrams). When 
the ADC is powered down in this way, the circuitry neces- 
sary for an A/D conversion is deactivated. The circuitry nec- 
essary for digital I/O is kept active. Hardware power up/ 
down is controlled by the state of the PD pin. Software pow- 
er-up/down is controlled by the instruction issued to the 
ADC. If a software power up instruction is issued to the ADC 
while a hardware power down is in effect (PD pin high) the 
device will remain in the power-down state. If a software 
power down instruction is issued to the ADC while a hard- 
ware power up is in effect (PD pin low), the device will power 
down. When the device is powered down by software, it 
may be powered up by either issuing a software power up 
instruction or by taking PD pin high and then low. If the 
power down command is issued during an AID conversion, 
that conversion is disrupted. Therefore, the data output after 
power up cannot be relied upon. 


Conv N+3 


12-8il 
LS8 Firsl 


Application 
Hints (Continued) 


1.6 User Mode and Test Mode 
An instruction may be issued to the ADC to put it into test 
mode. Test mode is used by the manufacturer to verify com- 
plete functionality of the device. During test mode CHO- 
CH7 become active outputs. If the device is inadvertently 
put into the test mode with CS continuously low, the serial 
communications may be desynchronized. Synchronization 
may be regained by cycling the power supply voltage to the 
device. Cycling the power supply voltage will also set the 
device into user mode. If CS is used in the serial interface, 
the ADC may be queried to see what mode it is in. This is 
done by issuing a "read STATUS register" instruction to the 
ADC. When bit 9 of the status register is high, the ADC is in 
test mode; when bit 9 is low the ADC, is in user mode. As an 
alternative to cycling the power supply, an instruction se- 
quence may be used to return the device to user mode. This 
instruction sequence must be issued to the ADC using CS. 
The following table lists the instructions required to return 
the device to user mode: 


01 Data 
Instruction 
010 
011 
012 
013 
014 
015 
016 
017 


TEST MODE 
H 
X 
X 
X 
H 
H 
H 
H 


Reset 
L 
L 
L 
L 
H 
H 
H 
L 


Test Mode 
L 
L 
L 
L 
H 
L 
H 
L 


Instructions 
L 
L 
L 
L 
H 
L 
H 
H 


USER MODE 
L 
L 
L 
L 
H 
H 
H 
H 


Power Up 
L 
L 
L 
L 
H 
L 
H 
L 


Set DO with 
H 


or without 
or 
L 
L 
L 
H 
H 
L 
H 


Sign 
L 


Set 
H 
H 


Acquisition 
or 
or 
L 
L 
H 
H 
H 
L 


Time 
L 
L 


Start 
H 
H 
H 
H 
H 
H 
H 


a 
or 
or 
or 
or 
L 
or 
or 
or 


Conversion 
L 
L 
L 
L 
L 
L 
L 


After returning to user mode with the user mode instruction 
the power up, data with or without sign, and acquisition time 
instructions need to be resent to ensure that the ADC is in 
the required state before a conversion is started. 


1.7 Reading the Data Without Starting a Conversion 
The data from a particular conversion may be accessed 
without starting a new conversion by ensuring that the 
CONY line is taken high dUringthe I/O sequence. See the 
Read Data timing diagrams. Table VI describes the opera- 
tion of the CONV pin. 


2.0 DESCRIPTION OF THE ANALOG MULTIPLEXER 
For the ADC12038, the analog input multiplexer can be con- 
figured with 4 differential channels or 8 single ended chan- 
nels with the COM input as the zero reference or any combi- 
nation thereof (see Figure 
7). The difference between the 
voltages on the VREF+ and VREF- pins determines the 
input voltage span (VREF).The analog input voltage range is 
o to VA+ . Negative digital output codes result when VIN- > 
VIN+. The actual voltage at VIN- or VIN+ cannot go below 
AGND. 


4 Differential 
Channels 


+(-) 
-(+) 


+(-) 
-(+) 


+(-) 
-(+) 


+(-) 
-(+) 


8 Single-Ended Channels 
with COM 
as Zero Reference 


TUH/11354-38 
TUH/11354-39 


FIGURE 7 
CHO, CH2, CH4, and CH6 can be assigned to the MUX- 
OUT1 pin in the differential configuration, while CH1. CH3. 
CH5, and CH7 can be assigned to the MUXOUT2 pin. In the 
differential configuration, the analog inputs are paired as fol- 
lows: CHOwith CH1. CH2 with CH3. CH4 with CH5 and CH6 
with CH7. The AlDIN1 and AlDIN2 pins can be assigned 
positive or negative polarity. 
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ANALOG 
VA+ 
Av 
CHO 
INPUT 
CHl 
VOLTAGE 
CH2 
RANGE 
ASSIGNED 
10 
OV TO 
4.096V 
(+) 
INPUT 
CH7 
Vo+ 


12-81TS 
UNSIGNED 


ASSIGNED 
ADC1203Y 
I 
I 
I 


(-) 
INPUT 


VREF+ 
COt.4 


mrougn '-'HI can De assigned to the MUXOUT1 pin. The 
COM pin is always assigned to the MUXOUT2 pin. AlDIN1 
is assigned as the positve input; AlDIN2 is assigned as the 
negative input. (See Figure 8). 


Differential 
Configuration 
Single-Ended 
Configuration 
- 
~- I-- '-- 
- 


t.4UX 


-- 
- 
t.4UX 


TL/H/11354-40 
TL/H/11354-41 


AlDIN1 and AlDIN2 can be as- 
AlDIN1 is + input 


signed as the + or - 
input 
A/DIN2 
is - 
input 


FIGURE 
8 


ANALOG 


INPUT 


VOLTAGE 


GROUND 


REFERENCE 


(Tables II, III, and IV) summarize the aforementioned func- 
tions for the different versions of AIDs. 


2.1 Biasing for Various 
Multiplexer 
Configurations 


Figure 9 is an example of biasing the device for single-end- 
ed operation. The sign bit is always low. The digital output 
range is 0 0000 0000 0000 to 0 1111 1111 1111. One LSB 
is equal to 1 mV (4.1V/4096 LSBs). 


2.5V 
reference, 
as shown, 
1 LSB is equal 
to 610 
"'V. 
Al- 


though, 
the ADC is not production 
tested 
with a 2.5V refer- 


ence, 
linearity 
error typically 
will not change 
more than 0.1 


LSB (see the curves 
in the Typical 
Electrical 
Characteristics 


Section). 
With the ADC set to an acquisition 
time of 10 clock 


creasing 
the 
acquisition 
time 
to 
;;4 
ClOCK penoos 
\Wlln 
a 


5 MHz CCLK frequency) 
would 
allow 
the 6000 
to increase 


to 6k, which 
with a 1 ",F coupling 
capacitor 
would 
set the 
high pass corner 
at 26 Hz. Increasing 
R, to 6k would 
allow 


R2 to be 2k. 


ANALOG 
VA· 


INPUT 
Av 
CHO 


VOLTAGE 
CHI 


RANGE 
>-I 
CH2 


OV 
TO 
5.0V 
ASSIGNED 
to 
(.) 
INPUT 
CH8 
Vo• 
'2-BITS 
SIGNED 
600n 
Rl 
(DEPENDS 
ON 
ASSIGNED 
ADC1203Y 


ACQUISITION 
(-) 
INPUT 
TI.E) 
CO. 
VREF+ 
I. I. I. 


VREF- 


OGND 
AGND 


ANALOG 


INPUT 


VOLTAGE 
GROUND 


RErERENCE 


TliH/11354-47 
FIGURE 
10. Pseudo-Differential 
Biasing with the Signal Source 
AC Coupled 
Directly 
Into the ADC 


An alternative 
method 
for biasing 
pseudo-differential 
opera- 
tion is to use the + 2.5V from the LM9140 
to bias any ampli- 


fier 
circuits 
driving 
the 
ADC 
as shown 
in Figure 
11. The 


value 
of the resistor 
pull-up 
biasing 
the LM9140-2.5 
will de- 


pend 
upon 
the current 
required 
by the op amp biasing 
cir- 
cuitry. 


In the circuit 
of Figure 
11 some 
voltage 
range 
is lost since 


the 
amplifier 
will 
not 
be able 
to swing 
to 
+ 5V and 
GND 


ANALOG 


INPUT 


VOLTAGE 


ANALOG 


INPUT 


VOLTAGE 


RANGE 
VA· 
OV 
TO 
5.0V 
CHO 


12-BITS 
SIGNED 
CH' 
CH2 
to 


CHB 
VO• 


,.n 
ADC1203Y 
ASSIGNED 


(-) 
INPUT 
VREr+ 
CO. 


ANALOG 


INPUT 


VOLTAGE 


GROUND 


REFERENCE 


with a single 
+ 5V supply. 
Using an adjustable 
version 
of the 


LM4041 
to set the full scale voltage 
at exactly 
2.048V 
and a 


lower 
grade 
LM4040D-2.5 
to bias up everything 
to 2.5V as 


shown 
in Figure 
12 will allow the use of all the ADC's 
digital 


output 
range 
of 
-4096 
to 
+4095 
while 
leaving 
plenty 
of 


head room for the amplifier. 


Fully differential 
operation 
is shown 
in Figure 
13. One LSB 


for this case is equal to (4.1V/4096) 
= 1 mY. 
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ANALOG 


INPUT 


VOLTAGE 


RANGE 


2.5V 
i2.048V 


12-BITS 
SIGNED 


ANALOG 


INPUT >-1 


VOLTAGE 


_k 
ASSIGNED 


(-) 
INPUT 


ANALOG 


INPUT 


VOLTAGE 


GROUND 


REFERENCE 


VA+ 


CHO 


CHl 
+5.DV 


CH2 
to 


CH8 
Vo+ 
I 
I 
I 
2k 
ADC1203Y 
- 
- 
- 
COM 
VREr+ 
+2.048V 


I 
I 
I 
- 
- 
- 
VREr- 
Lt.l4041-ADJ 


DGND 
AGND 


- 
- 


TUH/11354-49 


VA+ 


ANALOG 
Av 
CHO 


INPUT 
CH2 


VOLTAGE 
CH4 


RANG" 
ASSIGNED 
or 


O.45V 
TO 4.55V 
(+) 
INPUT 
CH6 
Vo+ 


ANALOG V' 
CHl 
VREr+ 


INPUT 
CH3 


VOLTAGE 
CH5 


RANGE 
ASSIGNED 
or 


O.45V 
TO 4.55V 
(-) 
INPUT 
CH7 


ANALOG 


INPUT 


VOLTAGE 


GROUND 


REFERENCE 
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3.0 REFERENCE 
VOLTAGE 


The 
difference 
in the voltages 
applied 
to the 
VREF+ 
and 


VREF- 
defines 
the 
analog 
input 
span 
(the difference 
be- 
tween 
the voltage 
applied 
between 
two multiplexer 
inputs or 


the voltage 
applied 
to one of the multiplexer 
inputs and ana- 
log ground), 
over 
which 
4095 
positive 
and 4096 
negative 


codes 
exist. The voltage 
sources 
driving 
VREF+ 
or VREF- 


must have very low output 
impedance 
and noise. The circuit 
in Figure 
14 is an example 
of a very stable 
reference 
appro- 


priate for use with the device. 


+ 12V 
to + 15V 


L.~ 
= 


-= 
·rantalum 
TLIH/11354-42 


FIGURE 
14. Low 
Drift 
Extremely 
Stable 
Reference 
Circuit 


The ADC 12030/2/4/B 
can be used in either 
ratiometric 
or 


absolute 
reference 
applications. 
In ratiometric 
systems, 
the 


analog 
input voltage 
is proportional 
to the voltage 
used for 


the ADC's 
reference 
voltage. 
When 
this voltage 
is the sys- 


tem power supply, 
the VREF + pin is connected 
to VA + and 


VREF- 
is connected 
to ground. 
This technique 
relaxes 
the 


system 
reference 
stability 
requirements 
because 
the analog 


input voltage 
and the ADC reference 
voltage 
move togeth- 
er. This maintains 
the same output 
code for given input con- 


ditions. 
For absolute 
accuracy, 
where 
the analog 
input volt- 
age varies 
between 
very specific 
voltage 
limits, 
a time and 


temperature 
stable 
voltage 
source 
can be connected 
to the 
reference 
inputs. 
Typically, 
the reference 
voltage's 
magni- 


tude will require 
an initial adjustment 
to null reference 
volt- 
age induced 
full-scale 
errors. 


Below 
are recommended 
references 
along 
with 
some 
key 


specifications. 


Output 
Temperature 
Part Number 
Voltage 


Tolerance 
Coefficient 


LM4041 CI-Adj 
±0.5% 
±100ppm1'C 


LM4040AI·4.1 
±0.1% 
+100ppm1'C 


LM9140BYZ-4.1 
±0.5% 
+ 25ppml'C 


LM368Y·5.0 
±0.1% 
±20ppml'C 


Circuit 
of Figure 
14 
Adjustable 
+2ppml'C 


The 
reference 
voltage 
inputs 
are not fully 
differential. 
The 
ADC12030/2/4/B 
will not generate 
correct 
conversions 
or 


comparisons 
if VREF+ 
is taken 
below 
VREF-. 
Correct 
con- 


versions 
result 
when 
VREF+ 
and VREF- 
differ 
by 1V and 


remain, 
at all times, 
between 
ground 
and VA +. The VREF 


common 
mode 
range, 
(VREF+ 
+ 
VREF-)/2 
is restricted 
to 


(0.1 
x 
VA +) 
to (0.6 
x 
VA +). 
Therefore, 
with VA + = 5V 


the center 
of the reference 
ladder should 
not go below 0.5V 


or above 
3.0V. Figure 
15 is a graphic 
representation 
of the 


voltage 
restrictions 
on VREF+ 
and VREF-. 


€ 
~ 
O.'V:. 
O.5V 


>'" 
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FIGURE 
15. VREF Operating 
Range 


4.0 ANALOG 
INPUT VOLTAGE 
RANGE 


The 
ADC12030/2/4/B's 
fully 
differential 
ADC 
generate 
a 


two's 
complement 
output 
that 
is found 
by using 
the equa- 


tions 
shown 
below: 


for (12-bit) 
resolution 
the Output 
Code = 


(VIN+ 
- 
VIN-) 
(4096) 


(VREF+ 
- 
VREF-) 


for (B-bit) resolution 
the Output 
Code = 


(VIN+ 
- 
VIN-) 
(256) 


(VREF+ 
- 
VREF-) 


Round 
off to the nearest 
integer 
value 
between 
-4096 
to 
4095 
for 
12-bit 
resolution 
and 
between 
- 256 
to 255 
for 


B-bit resolution 
if the result 
of the above 
equation 
is not a 


whole 
number. 


Examples 
are shown 
in the table 
below: 


Digital 


VREF+ 
VREF- 
VIN+ 
VIN- 
Output 


Code 


+2.5V 
+1V 
+1.5V 
OV 
0,1111,1111,1111 


+4.096V 
OV 
+3V 
OV 
0,1011,1011,1000 


+4.096V 
OV 
+2.499V 
+2.500V 
1,1111,1111,1111 


+4.096V 
OV 
OV 
+4.096V 
1,0000,0000,0000 


5.0 INPUT CURRENT 


At the start of the acquisition 
window 
(tAl a charging 
current 


flows 
into 
or out 
of 
the 
analog 
input 
pins 
(A/DIN1 
and 


A/DIN2) 
depending 
on the input voltage 
polarity. 
The ana- 


log input pins are CHO-CH7 
and COM when A/DIN1 
is tied 


to MUXOUT1 
and A/DIN2 
is tied to MUXOUT2. 
The peak 


value 
of this 
input 
current 
will depend 
on the actual 
input 


voltage 
applied, 
the source 
impedance 
and the internal 
mul- 


tiplexer 
switch 
on 
resistance. 
With 
MUXOUT1 
tied 
to 


A/DIN1 
and 
MUXOUT2 
tied 
to A/DIN2 
the 
internal 
multi- 


plexer 
switch 
on resistance 
is typically 
1.6 kO. The A/DIN1 


and A/DIN2 
mux on resistance 
is typically 
7500. 


Application 
Hints (Continued) 


6.0 INPUT SOURCE 
RESISTANCE 
For low impedance voltage sources «6000.), 
the input 
charging current will decay, before the end of the S/H's 
acquisition time of 2 ",s (10 CCLK periods with fe = 5 MHz), 
to a value that will not introduce any conversion errors. For 
high source impedances, the S/H's acquisition time can be 
increased to 18 or 34 CCLK periods. For less ADC resolu- 
tion and/or slower CCLK frequencies the S/H's acquisition 
time may be decreased to 6 CCLK periods. To determine 
the number of clock periods (Ncl required for the acquisition 
time with a specific source impedance for the various reso- 
lutions the following equations can be used: 


12 Bit + Sign 
Ne = [RS + 2.31 x Ie x 0.824 


8 Bit + Sign 
Ne = [Rs + 2.31x Ie x 0.57 
Where fe is the conversion clock (CCLK) frequency in MHz 
and Rs is the external source resistance in kn. As an exam· 
pie. operating with a resolution of 12 Bits+sign, 
a 5 MHz 
clock frequency and maximum acquistion time of 34 conver- 
sion clock periods the ADC's analog inputs can handle a 
source impedance as high as 6 kn. The acquisition time 
may also be extended to compensate for the settling or 
response time of external circuitry connected between the 
MUXOUT and AlDIN pins. 


The acquisition time tA is started by a falling edge of SCLK 
and ended by a rising edge of CCLK (see timing diagrams). 
If SCLK and CCLK are asynchronous one extra CCLK clock 
period may be inserted into the programmed acquisition 
time for 
synchronization. Therefore 
with asnychronous 
SCLK and CCLKs the acquisition time will change from con· 
version to conversion. 


7.0 INPUT 
BYPASS 
CAPACITANCE 


External capacitors (0.01 ",F-0.1 ",F) can be connected be- 
tween the analog input pins, CHO-CH7, and analog ground 
to filter any noise caused by inductive pickup associated 
with long input leads. These capacitors will not degrade the 
conversion accuracy. 


8.0 NOISE 
The leads to each of the analog mUltiplexer input pins 
should be kept as short as possible. This will minimize input 
noise and clock frequency coupling that can cause conver- 
sion errors. Input filtering can be used to reduce the effects 
of the noise sources. 


9.0 POWER 
SUPPLIES 
Noise spikes on the VA+ and VD+ supply lines can cause 
conversion errors; the comparator will respond to the noise. 
The ADC is especially sensitive to any power supply spikes 
that occur during the auto-zero or linearity correction. The 
minimum power supply bypassing capacitors recommended 
are low inductance tantalum capacitors of 10 ",F or greater 
paralleled with 0.1 ",F monolithic ceramic capacitors. More 
or different bypassing may be necessary depending on the 
overall system requirements. Separate bypass capacitors 
should be used for the VA+ and VD+ supplies and placed 
as close as possible to these pins. 


10.0 GROUNDING 
The ADC12030/2/4/8's 
performance can be maximized 
through proper grounding techniques. These include the 
use of separate analog and digital ground planes. The digi· 
tal ground plane is placed under all components that handle 
digital signals, while the analog ground plane is placed un- 
der all components that handle analog signals. The digital 
and analog ground planes are connected together at only 
one point, either the power supply ground or at the pins of 
the ADC. This greatly reduces the occurence of ground 
loops and noise. 


Shown in Figure 
16 is the ideal ground plane layout for the 
ADC12038 along with ideal placement of the bypass capaci- 
tors. The circuit board layout shown in Figure 
16 uses three 
bypass capacitors: 0.01 ",F (C1) and 0.1 ",F (C2) surface 
mount capacitors and 10 ",F (C3) tantalum capacitor. 


Application 
Hints 
(Continued) 


11.0 CLOCK 
SIGNAL 
LINE ISOLATION 


The ADC12030/2/4/8's 
performance 
is optimized 
by rout- 


ing the analog 
input! output 
and reference 
signal conductors 


as far as possible 
from the conductors 
that carry the clock 


signals 
to the CCLK and SCLK pins. Ground 
traces 
parallel 


to the 
clock 
signal 
traces 
can 
be used 
on printed 
circuit 


boards 
to reduce 
clock 
signal 
interference 
on the 
analog 


inputloutput 
pins. 


12.0 THE CALIBRATION 
CYCLE 


A calibration 
cycle 
needs to be started 
after the power 
sup- 


plies, reference, 
and clock 
have been given enough 
time to 


stabilize 
after initial turn-on. 
During the calibration 
cycle, cor- 


rection 
values 
are determined 
for the offset 
voltage 
of the 


sampled 
data comparator 
and any linearity 
and gain errors. 
These 
values 
are stored 
in internal 
RAM and used during an 


analog-to-digital 
conversion 
to bring 
the 
overall 
full-scale, 
offset, 
and linearity 
errors 
down to the specified 
limits. Full- 


scale 
error 
typically 
changes 
± 0.4 
LSB over 
temperature 


and linearity 
error changes 
even less; therefore 
it should 
be 


necessary 
to go through 
the calibration 
cycle 
only once af- 


ter power 
up if the Power 
Supply 
Voltage 
and the ambient 


temperature 
do not change 
significantly 
(see the curves 
in 


the Typical 
Performance 
Characteristics). 


13.0 THE AUTO-ZERO 
CYCLE 


To correct 
for any change 
in the zero 
(offset) 
error 
of the 


AID, 
the auto-zero 
cycle 
can be used. It may be necessary 


to do an auto-zero 
cycle whenever 
the ambient 
temperature 


or the power 
supply 
voltage 
change 
significantly. 
(See the 


curves 
titled 
"Zero 
Error Change 
vs Ambient 
Temperature" 
and "Zero 
Error Change 
vs Supply 
Voltage" 
in the Typical 
Performance 
Characteristics.) 


14.0 DYNAMIC 
PERFORMANCE 


Many applications 
require 
the AID 
converter 
to digitize 
AC 


signals, 
but the standard 
DC integral 
and differential 
nonlin- 


earity specifications 
will not accurately 
predict 
the AID 
con- 


verter's 
performance 
with 
AC input 
signals. 
The 
important 


specifications 
for 
AC 
applications 
reflect 
the 
converter's 


ability 
to digitize 
AC signals 
without 
significant 
spectral 
er- 


rors and without 
adding 
noise to the digitized 
signal. Dynam- 


ic characteristics 
such 
as signal-to-noise 
(SIN), 
signal-to- 


noise + distortion 
ratio (SI (N + DJ), effective 
bits, full pow- 


er bandwidth, 
aperture 
time and aperture 
jitter are quantita- 


tive measures 
of the AID 
converter's 
capability. 


An AID 
converter's 
AC performance 
can be measured 
us- 


ing 
Fast 
Fourier 
Transform 
(FFT) 
methods. 
A sinusoidal 


waveform 
is applied 
to the AID 
converter's 
input, 
and the 


transform 
is then 
performed 
on 
the 
digitized 
waveform. 


S/(N 
+ D) and SIN 
are calculated 
from 
the resulting 
FFT 


data, and a spectral 
plot may also be obtained. 
Typical 
val- 


ues for SIN 
are shown 
in the table of Electrical 
Characteris- 


tics, 
and 
spectral 
plots 
of S/(N 
+ D) are included 
in the 


typical 
performance 
curves. 


The AID 
converter's 
noise and distortion 
levels will change 


with the frequency 
of the input signal, 
with 
more 
distortion 


and 
noise 
occurring 
at higher 
signal 
frequencies. 
This can 


be seen in the S/(N + D) versus 
frequency 
curves. 
These 


curves 
will also 
give 
an indication 
of the full power 
band- 


width 
(the frequency 
at which 
the S/(N + D) or SIN 
drops 


3 dB). 


Effective 
number 
of bits can also be useful in describing 
the 


AID's 
noise performance. 
An ideal AID 
converter 
will have 


some amount 
of quantization 
noise, determined 
by its reso- 


lution, 
which 
will yield 
an optimum 
SIN 
ratio 
given 
by the 


following 
equation: 


SIN = (6.02 x n + 1.8) dB 


where 
n is the AID's 
resolution 
in bits. 


The effective 
bits of a real AID 
converter, 
therefore, 
can be 


found 
by: 


SIN (dB) - 
1.8 
n(effective) 
= ----- 
6.02 


As an example, 
this 
device 
with 
a differential 
signed 
5V, 


10kHz 
sine wave 
input 
signal 
will typically 
have a SIN 
of 


78 dB, which 
is equivalent 
to 12.6 effective 
bits. 


15.0 AN RS232 SERIAL 
INTERFACE 


Shown 
on the following 
page is a schematic 
for an RS232 


interface 
to any IBM and compatible 
PCs. The 
DTR, 
RTS, 


and CTS RS232 
signal 
lines are buffered 
via level transla- 


tors and connected 
to the ADC12038's 
Dl, SCLK, 
and DO 


pins, respectively. 
The D flip flop drives 
the CS control 
line. 
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CTS 


RS232 


Interface 


Connector 


TLiH/11354-44 


Not.: VA +, Vo+. 
and VAEF+ on the ADC12038 
each have 0.01 I'F and 0.1 I'F chip caps, and 10 I'F tantalum caps. All logic devices are bypassed with 0.1 I'F 


caps. 


87 
86 
85 
84 
83 
82 
81 
80 


COM1 I Input Address I 3FE 
X 
X 
X 
CTS 
X 
X 
X 
X 
I Output Address I 3FC 
X 
X 
X 
0 
X 
X 
RTS 
DTR 


A sample program. written in Microsoft QuickBasic. is 
shown on the next page. The program prompts for data 
mode select instruction to be sent to the AID. This can be 
found from the Mode Programming table shown earlier. The 
data should be entered in "1"s and "O"s as shown in the 
table with DIOfirst. Next the program prompts for the num- 
ber of SCLKs required for the programmed mode select in- 
struction. For instance. to send all "O"s to the AID. selects 
CHOas the +input, CH1 as the -input, 
12-bit conversion, 
and 13-bit MSB first data output format (if the sign bit was 
not turned off by a previous instruction). This would require 
13 SCLK periods since the output data format is 13 bits. The 


part powers up with No Auto Cal, No Auto Zero, 10 CCLK 
Acquisition Time, 12·bit conversion, data out with sign, pow- 
er up, 12- or 13-bit MSB first, and user mode. Auto Cal, Auto 
Zero, Power Up and Power Down instructions do not 
change these default settings. The following power up se- 
quence should be followed: 
1. Run the program 
2. Prior to responding to the prompt apply the power to the 


ADC12038 
3. Respond to the program prompts 


It is recommended that the first instruction issued to the 
ADC12038 be Auto Cal (see Section 1.1). 


'variables DOL=Data Out word length, DI=Data string for AID DI input, 
, 
DO=A/D result string 


'SET CS# HIGH 
OUT lH3FC, 
(iH2 OR INP (iH3FC)) 


OUT lH3FC, 
(lHFE AND INP(iH3FC)) 


OUT iH3FC, 
(iHFD AND INP(iH3FC)) 


OUT iH3FC, 
(iHEF AND INP(iH3FC)) 


10 
LINE INPUT ·DI data for ADC12038 
(see Mode Table on data sheet)·; DI$ 


INPUT ·ADC12038 output word length 
(8,9,12,13,16 or 17)·; DOL 


20 
'SET CS# HIGH 
OUT lH3FC, 
(iH2 OR INP (iH3FC)) 


OUT iH3FC, 
(iHFE AND INP(iH3FC)) 


OUT iH3FC, 
(iHFD AND INP(iH3FC)) 


'SET CS# LOW 
OUT iH3FC, 
(iH2 OR INP (iH3FC)) 


OUT lH3FC, 
(iH1 OR INP(iH3FC)) 


OUT lH3FC, 
(iHFD AND INP(lH3FC)) 


DOI=· • 
OUT iH3FC, 
(iH1 OR INP(iH3FC)) 


OUT iH3FC, 
(iHFD AND INP(iH3FC)) 


FOR N=l TO 8 


TempI=MIDI(DI$,N,l) 
IF Temp$=·O·THEN 


OUT iH3FC, (iH1 OR INP(iH3FC)) 


ELSE OUT iH3FC, 
(iHFE AND INP(iH3FC)) 


END IF 
'out DI 


OUT iH3FC,(lH2 OR INP(iH3FC)) 
'SCLK high 


IF (INP(iH3FE) AND 16)=16 THEN 


DO$=DO$+·O· 
ELSE 
DOI=DOI+ .p 


END IF 
OUT iH3FC, 
(iH1 OR INP(iH3FC)) 


OUT iH3FC, 
(lHFD AND INP(iH3FC)) 


NEXT N 
IF DOL>8 
THEN 


FOR N=9 TO DOL 
OUT iH3FC, (iH1 OR INP(iH3FC)) 
OUT iH3FC,(iHFD AND INP(iH3FC)) 
OUT iH3FC,(iH2 OR INP(iH3FC)) 
IF (INP(iH3FE) AND iH10)=iH10 THEN 


DOI=DOI+·O· 
ELSE 
DO$=DO$+·P 


END IF 
NEXT N 
END IF 
OUT iH3FC,(iHFA AND INP(iH3FC)) 
FOR N=l TO 500 
NEXT N 
PRINT DOl 
INPUT ·Enter ·C· to convert else ·RETURN· to alter DI data·; s$ 
IF s$=·C· OR s$=·c· THEN 


GOTO 20 
ELSE 
GOTO 10 
END IF 
END 


'set 
'set 
'set 
'set 


RTS HIGH 
DTR LOW 
RTS LOW 
B4 low 


'set RTS HIGH 
'set DTR LOW 
'set RTS LOW 


'set RTS HIGH 
'set DTR HIGH 
'set RTS LOW 
'reset DO variable 
'SET DTR HIGH 
'SCLK low 


'input DO 
'SET DTR HIGH 
'SCLK low 


'SET DTR HIGH 
'SCLK low 
'SCLK high 


~National 
Semiconductor 


ADC12L030/ AIDC12L032/ ADC12L034/ ADC12L038 
3.3V Self-Calibrating 
12-Bit Plus Sign Serial I/O 
A/D Converters with MUX and Sample/Hold 


General Description 
The ADC12L030 family is 12-bit plus sign successive ap- 
proximation AID converters with serial I/O and configurable 
input multiplexers. These devices are fully tested with a sin- 
gle 3.3V power supply. The ADC12L032, ADC12L034 and 
ADC12L038 have 2, 4 and 8 channel multiplexers, respec- 
tively. Differential multiplexer outputs and AID inputs are 
available 
on 
the 
MUXOUT1, MUXOUT2, AlDIN1 
and 
AlDIN2 pins. The ADC12L030 has a two channel multiplex- 
er with the multiplexer outputs and AID inputs internally 
connected. On request, these AIDs go through a self cali- 
bration process that adjusts linearity, zero and full-scale er- 
rors to less than ± y. LSB each. 
The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or pseudo-differ- 
ential modes. A fully differential unipolar analog input range 
(OVto + 3.3V) can be accommodated with a single + 3.3V 
supply. In the differential modes, valid outputs are obtained 
even when the negative inputs are greater than the positive 
because of the 12-bit plus sign two's compliment output 
data format. 
The serial I/O is configured to comply with NSC's MICRO- 
WIRETMand Motorola's SPI standards. For complementary 
voltage references see the LM4040, LM4041 or LM9140 
data sheets. 


Applications 
• 
Portable Medical instruments 
• 
Portable computing 


• 
Portable Test equipment 


WUXOUTI 


AID/I'll 


liIUKOUT2 


A/D1H2 


v,,+D--+ 
vo·D--+ 


Features 
• 
OVto 3.3V analog input range with single 3.3V power 
supply 
• 
Serial I/O (MICROWIRE and SPI Compatible) 


• 
2, 4, or 8 channel differential or single-ended 
multiplexer 
• 
Analog input sample/hold function 
• 
Power down mode 
• 
Variable resolution and conversion rate 
• 
Programmable acquisition time 
• 
Variable digital output word length and format 


• 
No zero or full scale adjustment required 
• 
Fully tested and guaranteed with a 2.5V reference 
• 
No Missing Codes over temperature 


Key Specifications 


• 
Resolution 
• 
12-bit plus sign conversion time 
• 
12-bit plus sign sampling rate 
• 
Integral linearity error 
• 
Single supply 
• 
Power dissipation 
-Power 
down 


12-bit plus sign 


8.8 P.s(min) 


73 kHz (max) 
±1 LSB (max) 


3.3V ±10% 


15 mW (max) 


40 p.W (typ) 


~ 
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Ordering Information 


Industrial 
Temperature 
Range 
NSPackage 


-40"C 
:$; TA :$; +85'C 
Number 


ADC12L030CIN 
N16E 


ADC12L030CIWM 
M16B 


ADC12L032CIN 
N20A 


ADC12L032CIWM 
M20B 


ADC12L034CIN 
N24C 


ADC12L034CIWM 
M24B 


ADC12L038CIN 
N28B 


ADC12L038CIWM 
M28B 


Absolute Maximum Ratings (Notes 
1 & 2) 
Operating Ratings (Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Operating 
Temperature 
Range 
TMIN 5: TA 5: TMAX 


please 
contact 
the 
National 
Semiconductor 
Sales 
ADC12L030CIN, 
ADC12L030CIWM, 


Office/Distributors 
for 
availability 
and 
specifications. 
ADC12L032CIN, 
ADC12L032CIWM, 


Positive 
Supply 
Voltage 
ADC12L034CIN, 
ADC12L034CIWM, 


(V+ = VA+ = Vo+) 
6.SV 
ADC12L038CIN, 


Voltage 
at Inputs 
and Outputs 
ADC12L038CIWM 
-40'C 
5: TA 5: +8S'C 


except 
CHO-CH7 
and COM 
-0.3VtoV+ 
+0.3V 
SupplyVoltage(V+ 
= VA+ = Vo+) 
+ 3.0V to + S.SV 


Voltage 
at Analog 
Inputs 
IVA + - 
vo+1 
5: 100 mV 


CHO-CH7 
and COM 
GND -SVtoV+ 
+SV 
VREF+ 
OVtoVA+ 


IVA+ 
- 
vo+1 
300 mV 
VREF- 
OVtoVREF+ 
Input Current 
at Any Pin (Note 3) 
±30 
mA 
VREF(VREF+ 
-VREF-) 
1VtoVA+ 


Package 
Input Current 
(Note 3) 
±120mA 
VREF Common 
Mode 
Voltage 
Range 
Package 
Dissipation 
at 
(VREF+ 
+ VREF-) 
TA = 2S'C (Note 4) 
SOOmW 
2 
0.1 VA+ 
toO.6VA+ 


ESD Susceptability 
(Note S) 
AlDIN1, 
A/DIN2, 
MUXOUT1 
Human 
Body Model 
1S00V 


Soldering 
Information 
and MUXOUT2 
Voltage 
Range 
OVtoVA+ 


N Packages 
(10 seconds) 
260'C 
AID 
IN Common 
Mode Voltage 
Range 


SO Package 
(Note 6): 
(VIN+ 
+ VIN-) 
OVto VA+ 


Vapor Phase (60 seconds) 
21S'C 
2 


Infrared 
(1S seconds) 
220'C 


Storage 
Temperature 
-6S'C 
to + 1S0'C 


Converter Electrical Characteristics 


The following 
specifications 
apply for V+ 
= VA + = Vo+ 
= 
+3.3 
VOC, VREF+ = 
+2.500 
VOC, VREF- 
= 0 VOC, 12-bit 
+ 
sign conversion 
mode, fCK = fSK = 5 MHz, RS = 250, 
source 
impedance 
for VREF+ 
and VREF- 
5: 250, 
fully-differential 
input 


with fixed 1.250V common-mode 
voltage, 
and 10(1cK) acquisition 
time unless otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TIlIN to TIIAX; all other 
limits TA = TJ = 25·C. (Notes 
7,8 
and 9) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 
(Note 
10) 
(Note 
11) 
(Limits) 


STATIC 
CONVERTER 
CHARACTERISTICS 


Resolution 
with No Missing 
Codes 
12 
+ sign 
Bits (min) 


+ILE 
Positive 
Integral 
Linearity 
Error 
After Auto-Cal 
(Notes 
12, 18) 
±1/2 
±1 
LSB (max) 


-ILE 
Negative 
Integral 
Linearity 
Error 
After Auto-Cal 
(Notes 
12, 18) 
±1/2 
±1 
LSB (max) 


DNL 
Differential 
Non-Linearity 
After Auto-Cal 
±1 
LSB (max) 


Positive 
Full-Scale 
Error 
After Auto-Cal 
(Notes 
12, 18) 
±1/2 
±2 
LSB (max) 


Negative 
Full-Scale 
Error 
After Auto-Cal 
(Notes 
12, 18) 
±1/2 
±2 
LSB (max) 


Offset 
Error 
After Auto-Cal 
(Notes 
5, 18) 
±1/2 
±2 
LSB (max) 
VIN(+) 
= VIN (-) 
= 1.250V 


DC Common 
Mode Error 
After Auto-Cal 
(Note 15) 
±2 
±3.5 
LSB (max) 


TUE 
Total Unadjusted 
Error 
After Auto-Cal 
±1 
LSB 
(Notes 
12, 13 and 14) 


Resolution 
with No Missing 
Codes 
8-bit + sign mode 
8 + sign 
Bits (min) 


+INL 
Positive 
Integral 
Linearity 
Error 
8-bit + sign mode (Note 12) 
±1/2 
LSB (max) 


-INL 
Negative 
Integral 
Linearity 
Error 
8-bit + sign mode (Note 12) 
±1/2 
LSB (max) 


DNL 
Differential 
Non-Linearity 
8-bit + sign mode 
±3/4 
LSB (max) 


Positive 
Full-Scale 
Error 
8-bit + sign mode (Note 12) 
±1/2 
LSB (max) 


Converter Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for V+ 
= VA + = Vo+ 
= 
+3.3 
VOC, VREF+ 
= 
+2.500 
VOC, VREF- 
= 0 VOC, 12-bit 
+ 


sign conversion 
mode, fCK = fSK = 5 MHz, Rs = 250, 
source 
impedance 
for VREF+ 
and VREF- 
,;; 250, 
fUlly-differential 
input 


with fixed 1.250V common-mode 
voltage, 
and 10(lcK) 
acquisition 
time unless otherwise 
specified. 
Boldface limits apply for 
T., = T•• = TMINto TM.,X;all other 
limits TA = TJ = 25·C. (Notes 
7, 8 and 9) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Limits) 


STATIC 
CONVERTER 
CHARACTERISTICS 
(Continued) 


Negative 
Full-Scale 
Error 
8-bit 
+ sign mode (Note 12) 
±1/2 
LSB (max) 


Offset 
Error 
8-bit 
+ sign mode, 


after Auto-Zero 
(Note 13) 
±1/2 
LSB (max) 


VIN(+) 
= VIN(-) 
= + 
1.250V 


TUE 
Total Unadjusted 
Error 
8-bit 
+ sign mode 


after Auto-Zero 
±3/4 
LSB (max) 


(Notes 
12, 13 and 14) 


Multiplexer 
Channel 
to Channel 
±0.05 
LSB 
Matching 


Power Supply Sensitivity 
V+ 
= +3.3V 
±10% 


Offset 
Error 
±0.5 
±1 
LSB (max) 


+ Full-Scale 
Error 
±0.5 
±1.5 
LSB (max) 


- 
Full-Scale 
Error 
±0.5 
±1.5 
LSB (max) 


+ 
Integral 
Linearity 
Error 
±0.5 
LSB 


- 
Integral 
Linearity 
Error 
±0.5 
LSB 


Output 
Data from 
(Note 20) 
+10 
LSB (max) 
"12-Bit 
Conversion 
of Offset" 


(see Table V) 
-10 
LSB (min) 


Output 
Data from 
(Note 20) 
4095 
LSB (max) 
"12-Bit 
Conversion 
of Full-Scale" 


(see Table V) 
4093 
LSB (min) 


UNIPOLAR 
DYNAMIC 
CONVERTER 
CHARACTERISTICS 


S/(N+D) 
Signal-to-Noise 
Plus 
fiN = 1 kHz, VIN = 2.5 Vpp 
69.4 
, 
dB 


Distortion 
Ratio 
fiN = 20 kHz, VIN = 2.5 Vpp 
68.3 
dB 


fiN = 40 kHz, VIN = 2.5 Vpp 
65.7 
dB 


-3 
dB Full Power Bandwidth 
VIN = 2.5 Vpp, where S/(N + D) drops 3 dB 
31 
kHz 


DIFFERENTIAL 
DYNAMIC 
CONVERTER 
CHARACTERISTICS 


S/(N+D) 
Signal-to-Noise 
Plus 
fiN = 1 kHz, VIN = 
±2.5V 
77.0 
dB 


Distortion 
Ratio 
fiN = 20 kHz, VIN = ± 2.5V 
73.9 
dB 


fiN = 40 kHz, VIN = ± 2.5V 
67.0 
dB 


-3 
dB Full Power Bandwidth 
VIN = 
±2.5V. 
where S/(N+ 
D) drops 3 dB 
40 
kHz 


, 


co 
C")9 
N..- 


~ 
........- 
C")9 
N..-g 
REFERENCE 
INPUT, ANALOG 
INPUTS 
AND MULTIPLEXER 
CHARACTERISTICS 


oct 
...... 
N 
C")9 
N..-o 
Q 
oct 
...... 
C) 
C")9 
N..-g 
oct 


The following 
specifications 
apply for V+ 
= VA + = Vo+ 
= 
+3.3 
Voc. 
VREF+ 
= 
+ 
2.500 Voc. 
VREF- 
= 0 Voc. 
12-bit 
+ 


sign conversion 
mode. fCK = fSK = 5 MHz, Rs = 250. 
source 
impedance 
for VREF+ 
and VREF- 
~ 250, 
fully-differential 
input 
with fixed 1.250V common-mode 
voltage. 
and 10(lcK) 
acquisition 
time unless otherwise 
specified. 
Boldface limits apply for 
TA = T•• = TIlIN 
to 
TIIU; 
all other 
limits TA = TJ = 25"C. (Notes 
7. 8 and 9) 


Limits 


(Note 
11) 
Units 
(limits) 


CREF 
Reference 
Input Capacitance 
85 
, 
pF 


CAlO 
AlDIN1 
and AlDIN2 
Analog 
Input 
75 
pF 
Capacitance 


AlDIN1 
and AlDIN2 
Analog 
Input 
VIN = + 3.3V or 
±0.1 
±1.0 
".A(max) 
Leakage 
Current 
VIN = OV 


l 
CHO-CH7 
and COM Input Voltage 
GND 
- 
0.05 
V (min) 


I 
VA+ 
+ 0.05 
V (max) 


CcH 
CHO-CH7 
and COM Input Capacitance 
10 
pF 


CMUXOUT 
MUX Output Capacitance 
20 
l 
pF 


Off Channel 
Leakage 
(Note 16) 
On Channel 
= 3.3V and 
-0.01 
-0.3 
".A(min) 
CHO-CH7 
and COM Pins 
Off Channel 
= OV 


On Channel 
= OV and 
0.01 
0.3 
".A(max) 
Off Channel 
= 3.3V 


On Channel 
Leakage 
(Note 16) 
On Channel 
= 3.3V and 
0.01 
0.3 
".A(max) 
CHO-CH7 
and COM Pins 
Off Channel 
= OV 


On Channel 
= OV and 
-0.Q1 
-0.3 
".A(min) 
Off Channel 
= 3.3V 


MUXOUT1 
and MUXOUT2 
VMUXOUT = 3.3Vor 
0.01 
0.3 
".A(max) 
Leakage 
Current 
VMUXOUT = OV 


RON 
MUX On Resistance 
VIN = 1.65V and 
1300 
1900 
o (max) 


VMUXOUT = 1.55V 


RON Matching 
Channel 
to Channel 
VIN = 1.65Vand 
5 
% 


VMUXOUT = 1.55V 


Channel 
to Channel 
Crosstalk 
VIN = 3.3 VPP. fiN = 40 kHz 
-72 
dB 


MUX Bandwidth 
90 
kHz 


DC and Logic Electrical Characteristics 


The following 
specifications 
apply for V+ 
= VA + = Vo+ 
= 
+3.3 
Voc, 
VREF+ 
= 
+2.500 
Voc, 
VREF- 
= 0 VOC, 12-bit 
+ 
sign conversion 
mode, fCK = fSK = 5 MHz, Rs = 250, 
source 
impedance 
for VREF+ 
and VREF- 
:s; 250, 
fully-differential 
input 
with fixed 
1.250V common-mode 
voltage, 
and 10(teK> acquisition 
time unless otherwise 
specified. 
Boldface limits applv for 


TA = T•• = TIlIN to TIIAX; all other 
limits TA = TJ = 25°C. (Notes 
7, 8 and 9) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


r 
(Note 
10) 
(Note 
11) 
(limits) 


CCLK, 
CS, CONY, 
01, PO AND SCLK 
INPUT CHARACTERISTICS 


VIN(ll 
Logical 
"1" 
Input Voltage 
V+ = 3.6V 
2.0 
V (min) 


VIN(O) 
Logical 
"0" 
Input Voltage 
V+ = 3.0V 
0.8 
V (max) 


IIN(l) 
Logical 
"1" 
Input Current 
VIN = 3.3V 
0.005 
1.0 
,...A(max) 


IIN(Ol 
Logical 
"0" 
Input Current 
VIN = OV 
-0.005 
-1.0 
,...A(min) 


DO, EOC AND DOR DIGITAL 
OUTPUT 
CHARACTERISTICS 


VOUT(l) 
Logical 
"1" 
Output Voltage 
V+ = 3.0V, lOUT = -360,...A 
2.4 
V (min) 


V+ = 3.0V, lOUT = - 
10,...A 
2•• 
V (min) 


VOUT(O) 
Logical 
"0" 
Output Voltage 
V+ = 3.0V, lOUT = 1.6 mA 
0.4 
V (max) 


lOUT 
TRI-STATE 
Output 
Current 
VOUT = OV 
-0.1 
-3.0 
,...A(max) 


VOUT = 3.3V 
0.1 
3.0 
,...A(max) 


+Isc 
Output Short Circuit Source 
Current 
VOUT = OV 
14 
6.5 
mA(min) 


-ISC 
Output Short Circuit Sink Current 
VOUT = Vo+ 
16 
8.0 
mA(min) 


POWER 
SUPPLY 
CHARACTERISTICS 


10+ 
Digital Supply Current 
Awake 
1.1 
1.5 
mA(max) 


CS = HIGH, Powered 
Down, CCLK on 
600 
,...A 


CS = HIGH, Powered 
Down, CCLK off 
12 
,...A 


IA+ 
Positive 
Analog 
Supply Current 
Awake 
2.2 
3.0 
mA(max) 


CS = HIGH, Powered 
Down, CCLK on 
10 
,...A 


CS = HIGH, Powered 
Down, CCLK off 
0.1 
,...A 


IREF 
Reference 
Input Current 
Awake 
70 
,...A 
CS = HIGH, Powered 
Down 
0.1 
,...A 


I 
: 


, 


• 


AC Electrical Characteristics 


The following 
specifications 
apply for V+ 
= VA + = Vo+ 
= 
+3.3 
VOC, VREF+ = 
+2.500 
VOC, VREF- 
= 0 Voc, 
12-bit 
+ 
sign conversion 
mode, t, = tf = 3 ns, fCK = fSK = 5 MHz, Rs = 250, 
source 
impedance 
for VREF+ 
and VREF- 
,;; 250, 
fully- 
differential 
input with fixed 
1.250V 
common-mode 
voltage, 
and 10(leK) 
acquisition 
time 
unless 
otherwise 
specified. 
Boldface 
limits apply 
for T A = TJ = T MIN to T MAX; all other 
limits TA = TJ = 25'C. 
(Note 
17) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Limits) 


fCK 
Conversion 
Clock (CCLK) Frequency 
10 
5 
MHz (max) 


1 
MHz (min) 


fSK 
Serial Data Clock SCLK Frequency 
10 
5 
MHz (max) 


0 
Hz (min) 


Conversion 
Clock Duty Cycle 
40 
% (min) 


80 
% (max) 


Serial Data Clock Duty Cycle 
40 
% (min) 


80 
% (max) 


le 
Conversion 
Time 
12-Bit 
+ Sign or 12-Bit 
44(leKl 
44<'cK) 
(max) 


8.8 
,,"5 (max) 


8-Bit 
+ Sign or 8-Bit 
21 (leK) 
21<'cK) 
(max) 


4.2 
,,"5 (max) 


tA 
Acquisition 
Time 
6 Cycles Programmed 
6(leK) 
8<'cK) 
(min) 


(Note 19) 
7<'cK) 
(max) 


1.2 
,,"5 (min) 


1.4 
,,"5 (max) 


10 Cycles 
Programmed 
10(leK) 
10<'cK) 
(min) 


11('cK) 
(max) 


2.0 
,,"5 (min) 


2.2 
,,"5 (max) 


I, 
18 Cycles Programmed 
18(leK) 
18<'cK) 
(min) 


Ut<'cK) 
(max) 


3.8 
,,"5 (min) 


3.8 
,,"5 (max) 


34 Cycles Programmed 
34(leKl 
34<'cK) 
(min) 


35<'cK) 
(max) 


8.8 
,,"5 (min) 


7.0 
,,"5 (max) 


leAL 
Self-Calibration 
Time 
4944(leK) 
4844<'cK) 
(max) 


888.8 
,,"5 (max) 


tAZ 
Auto-Zero 
Time 
76(leK) 
78<'cK) 
(max) 


15.2 
,,"5 (max) 


tSYNC 
Self-Calibration 
or Auto-Zero 
2(tCK) 
2<'cK) 
(min) 


Synchronization 
Time from DOR 
3<'cK) 
(max) 


0.40 
,,"5 (min) 


0.80 
,,"5 (max) 


tIxm" 
DOR High Time when CS is Low 
9(tSK) 
8<tsK) 
(max) 


Continuously 
for Read Data and Software 
1.8 
,,"5 (max) 
Power Up/Down 


ta:mv 
CONY Valid Data Time 
8(tSK) 
8<tSK) 
(max) 


1.8 
,,"5 (max) 


AC Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for V + = VA + = Vo + = + 3.3 Voc, 
VREF + = + 2.500 
Voc, 
VREF- 
= 0 Voc, 
12-bit + 


sign conversion 
mode, tr = tf = 3 ns, fCK = fSK = 5 MHz, Rs = 250, 
source 
impedance 
for VREF+ 
and VREF- 
,;; 250, 
fully- 
differential 
input with fixed 
1.250V 
common-mode 
voltage, 
and 10(tCK) acquisition 
time unless 
otherwise 
specified. 
Boldface 
limits apply for TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25°C. (Note 
17) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 
(Note 10) 
(Note 11) 
(Limits) 


tHPU 
Hardware 
Power-Up 
Time, Time from 
250 
700 
/Ls(max) 
PO Falling Edge to EOC Rising Edge 


tspu 
Software 
Power-Up 
Time, Time from 


Serial Data Clock Falling Edge to 
500 
700 
/Ls(max) 


EOC Rising Edge 
, 


tACC 
Access 
Time Delay from 
25 
60 
ns(max) 
CS Falling 
Edge to DO Data Valid 
, 


tSET-UP 
Set-Up Time of CS Falling Edge to 
50 
ns(min) 
Serial Data Clock Rising Edge 


tOELAY 
Delay from SCLK Falling 
0 
5 
ns(min) 
Edge to CS Falling Edge 


tlH, toH 
Delay from CS Rising Edge to 
RL = 3k,CL = 100pF 
70 
100 
ns (max) 
DO TRI-STATE@ 


tHol 
01 Hold Time from Serial Data 
5 
15 
ns(min) 
Clock Rising Edge 


tSol 
01 Set-Up Time from Serial Data 
5 
10 
ns(min) 
Clock Rising Edge 


tHoO 
DO Hold Time from Serial Data 
RL = 3k,CL 
= 100pF 
35 
65 
ns(max) 


Clock Falling Edge 
5 
ns(min) 


tooo 
Delay from Serial Data Clock 
50 
90 
ns(max) 
Falling Edge to DO Data Valid 


tRoO 
DO Rise Time, TRI-STATE 
to High 
RL = 3k, CL = 100 pF 
10 
40 
ns(max) 


DO Rise Time, Low to High 
10 
40 
ns(max) 


tFoO 
DO Fall Time, TRI-STATE 
to Low 
RL = 3k, CL = 100 pF 
15 
40 
ns(max) 


DO Fall Time, High to Low 
15 
40 
ns(max) 


teo 
Delay from CS Falling Edge 
50 
80 
ns (max) 
to DOR Falling Edge 


tso 
Delay from Serial Data Clock Falling 
45 
80 
ns(max) 
Edge to DOR Rising Edge 


CIN 
Capacitance 
of Logic Inputs 
10 
pF 


COUT 
Capacitance 
of Logic Outputs 
20 
pF • 


Note 2: All voltages are measured with respect to GND, unless otherwise 
specified. 


Note 3: When the input voltage (VIN) at any pin exceeds the power supplies (VIN < GNO or VIN > VA + or VD+), the current at that pin should be limited to 20 mA. 
The 120 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 20 mA to four. 


Note 4: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJmax, 8JA and the ambient temperature. 
TA. The maximum 


allowable 
power dissipation 
at any temperature 
is Po = (TJmax - 
TA)/8JA or the number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. For this 
device, TJmax = 150"'C. The typical thermal resistance 
(0JpJ of these parts when board mounted follow: 


Thermal 
Part Number 
Resistance 


IJJA 


ADC12L030CIN 
S3·C/W 


ADC12L030CIWM 
70·C/W 


ADC12L032CIN 
46·C/W 


ADC12L032CIWM 
64·C/W 


ADC12L034CIN 
42·C/W 


ADC12L034CIWM 
src/w 


ADC12L038CIN 
40·C/W 


ADC12L038CIWM 
SO·C/W 


Note 5: The human body model is a 100 pF capacitor 
discharged 
through a 1.5 kn resistor into each pin. 


Note 6: See AN450 "Surface 
Mounting 
Methods and Their Effect on Product Reliability" 
or the section titled "Surface 
Mount" 
found in any post 1986 National 


Semiconductor 
Linear Data Book for other methods of soldering surface mount devices. 


Note 7: Two on·chip diodes are tied to each analog input through a series resistor as shown below. Input voltage magnitude up to 5V above VA + or 5V below GNO 
will not damage 
this device. 
However, 
errors in the AID 
conversion 
can occur (if these diodes are forward 
biased by more than 50 mV) if the input voltage 
magnitude 
of selected 
or unselected 
analog input go above VA + or below GND by more than 50 mV. As an example, if VA + is 3.0 Voc, full-scale 
input voltage 
must be ~3.05 Voc to ensure accurate conversions. 


TLlH/11830-6 


Note 8: To guarantee accuracy, it is required that the VA + and Vo+ 
be connected 
together to the same power supply with separate bypass capacitors 
at each V+ 


pin. 


Nole 
9: With the test condition for VREF (VREF+ - 
VREF-) 
given as +2.500V 
the 12-bit LSB is 610 ~V and the B-bit LSB is 9.B mV. 


Note 10: Typicals are at TJ = TA = 25°C and represent 
most likely parametric 
norm. 


Note 11: Tested limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 12: Positive integral linearity error is defined as the deviation of the analog value. expressed 
in LSBs. from the straight line that passes through positive full- 
seale and zero. For negative integral linearity error. the straight line passes through negative full-scale 
and zero (see Figures tb and te). 


Note 13: Zero error is a measure of the deviatton from the mid·scale voltage (a code of zero), expressed 
in LSB. It is the worst-case 
value of the code transitions 
between 
1 10 0 and 0 to + 1 (see Figure 2). 


Note 14: Total unadjusted 
error includes offset. full-scale. 
linearity and multiplexer 
errors. 


Note 15: The DC common-mode 
error is measured in the differential 
multiplexer 
mode with the assigned positive and negative input channels shorted together. 


Note 16: Channel leakage current is measured after the channel selection. 


Note 17: Timing specifications 
are tested at the TIL 
logic levels. Vil = 0.4V for a falling edge and VIH = 2.4V for a rising edge. TAl-STATE 
output voltage is forced 


to 1.4V. 


Note 18: The ADC12L030 
family's self-calibration 
technique 
ensures linearity and offset errors as specified. 
but noise inherent in the self-calibration 
process will 


result in a maximum repeatability 
uncertainty 
of 0.2 LSB. 


Note 19: If SCLK and CCLK are driven from the same clock source. then tA is 6.10,18 
or 34 clock periods minimum and maximum. 


Note 20: The "12-Bit Conversion of Offset" 
and "12-Bit Conversion of Full-Scale" 
modes are intended to test the functionality 
of the device. Therefore, 
the output 
data from these modes are not an indication 
of the accuracy of a conversion 
result. 


0,1111,1111,1111 
(+4095) 
0,1111,1111,111 
o( +4094) 
~E 
•••• 
FULL -SCALE 


•••••••••• 
TRANSITION 
.• 
.,,..,, 
...... 


", 
V1N+ 
> VIN- 
0,0000,0000,001 
o( +2) 
0,0000,0000,0001 
(+ 1) 
--------- 
0,0000,0000,0000(0) 


wo 
z 
o 
w 
UV>::> 
l-oLoJ 
~~~ 
•.•• 
::> 
=> 
0 
o 
u 


VREF = VREF + - VREF- 


VIN = VIN+ 
- V1N- 


GNo:s 
VIN+ 
:s 
VA+ 


GNo 
:s 
VIN- 
:s 
VA+ 


POSITIVE 
FULL-SCALE 


ERROR 


-12LsB 


OUTPUT 
CODE 
(from 
-4096 
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Characteristics 


The following 
curves 
apply for 12-bit + sign mode after auto-calibration 
unless otherwise 
specified. 
The performance 
for 8-bit + 
sign mode is equal to or better 
than shown. 
(Note 9) 
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Pin Descriptions 
CClK 
The clock applied to this input controls the su- 
cessive approximation conversion time interval 
and the acquisition time. The rise and fall times 
of the clock edges should not exceed 1 /Ls. 
SClK 
This is the serial data clock input. The clock 
applied to this input controls the rate at which 
the serial data exchange occurs. The rising 
edge loads the information on the DI pin into 
the multiplexer address and mode select shift 
register. This address controls which channel of 
the analog input multiplexer (MUX) is selected 
and the mode of operation for the AID. With ~ 
low the falling edge of SClK shifts the data re- 
sulting from the previous ADC conversion out 
on DO, with the exception of the first bit of data. 
When ~ 
is low continuously, the first bit of the 
data is clocked out on the rising edge of EOC 
(end of conversion). When ~ 
is toggled the 
falling edge of ~ 
always clocks out the first bit 
of data. ~ 
should be brought low when SClK 
is low. The rise and fall times of the clock edges 
should not exceed 1 /Ls. 
DI 
This is the serial data input pin. The data ap- 
plied to this pin is shifted by the rising edge of 
SClK 
into the multiplexer address and mode 
select register. Tables II through V show the as- 
signment of the multiplexer address and the 
mode select data. 
DO 
The data output pin. This pin is an active push/ 
pUll output when ~ 
is low. When ~ 
is High 
this output is in TRI-STATE. The AID conver- 
sion result (DO- D12) and converter status data 
are clocked out by the falling edge of SClK on 
this pin. The word length and format of this re- 
sult can vary (see Table I). The word length and 
format are controlled by the data shifted into 
the multiplexer address and mode select regis- 
ter (see Table V). 
EOC 
This pin is an active push/pull output and indi- 
cates the status of the ADC12l030/2/4/8. 
When low, it signals that the AID is busy with a 
conversion, auto-calibration, auto-zero or power 
down cycle. The rising edge of EOC signals the 
end of one of these cycles. 
~ 
This is the chip select pin. When a logic low is 
applied to this pin, the rising edge of SClK 
shifts the data on DI into the address register. 
This low also brings DO out of TRI-STATE. With 
~ 
low the falling edge of SClK shifts the data 
resulting from the previous ADC conversion out 
on DO, with the exception of the first bit of data. 
When ~ 
is low continuously, the first bit of the 
data is clocked out on the rising edge of EOC 
(end of conversion). When ~ 
is toggled the 
falling edge of ~ 
always clocks out the first bit 
of data. ~ 
should be brought low when SClK 
is low. The falling edge of ~ 
resets a conver- 
sion in progress and starts the sequence for a 
new conversion. When ~ 
is brought back low 
during a conversion, that conversion is pre- 


maturely ended. The data in the output latches 
may be corrupted. Therefore, 
when ~ 
is 
brought back low during a conversion in prog- 
ress the data output at that time should be ig- 
nored. ~ 
may also be left continuously low. In 
this case it is imperative that the correct number 
of SClK pulses be applied to the ADC in order 
to remain synchronous. After the ADC supply 
power is applied, it expects to see 13 clock 
pulses for each I/O sequence. The number of 
clock pulses the ADC expects is the same as 
the digital output word length. This word length 
can be modified by the data shifted in on the 
DO pin. Table V details the data required. 


This is the data output ready pin. This pin is an 
active push/pull output. It is low when the con- 
version result is being shifted out and goes high 
to signal that all the data has been shifted out. 


A logic low is required on this pin to program 
any mode or change the ADC's configuration as 
listed in the Mode Programming Table (Table V) 
such as 12-bit conversion, 8-bit conversion, 
Auto Cal, Auto Zero etc. When this pin is high 
the ADC is placed in the read data only mode. 
While in the read data only mode, bringing ~ 
low and pulsing SClK will only clock out on DO 
any data stored in the ADCs output shift regis- 
ter. The data on DI will be neglected. A new 
conversion will not be started and the ADC will 
remain in the mode and/or configuration previ- 
ously programmed. Read data only cannot be 
performed while a conversion, Auto-Calor 
Auto-Zero are in progress. 
This is the power down pin. When PD is high 
the AID is powered down; when PD is low the 
AID is powered up. The AID takes a maximum 
of 700 /Ls to power up after the command is 
given. 


CHO-CH7 
These are the analog inputs of the MUX. A 
channel input is selected by the address infor- 
mation at the DI pin, which is loaded on the 
rising edge of SClK into the address register 
(see Tables II through IV). 
The voltage applied to these inputs should not 
exceed VA+ or go below GND. Exceeding this 
range on an unselected channel will corrupt the 
reading of a selected channel. 
This pin is another analog input pin. It is used as 
a pseudo ground when the analog multiplexer is 
single-ended. 
MUXOUT1, These are the multiplexer output pins. 
MUXOUT2 
AlDIN1, 
AlDIN2 
These are the converter input pins. MUXOUT1 
is usually tied to AlDIN1. MUXOUT2 is usually 
tied to AlDIN2. If external circuitry is placed be- 
tween MUXOUT1 and AlDIN1, 
or MUXOUT2 
and AlDIN2 
it may be necessary to protect 
these pins. The voltage at these pins should not 
exceed VA+ or go below AGND (see Figure 3). 


1 Voc to "." 
Voc ana me vOltage at VREFT 


cannot exceed VA+. See Figure 
4 for recom- 
mended bypassing. 
The negative voltage reference input. In order 
to maintain accuracy the voltage at this pin 
must not go below GND or exceed VA+. (See 
Figure 
4). 


same power supply and bypassed separately 
(see Figure 4). The operating voltage range of 
VA + and Vo + is 3.0 VOC to 5.5 VOC. 


This is the digital ground pin (see Figure 4). 


This is the analog ground pin (see Figure 4). 
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FIGURE 
3. Protecting 
the MUXOUT1, 
MUXOUT2, 
AlDIN1 
and AlDIN2 
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Tables 


TABLE 
I. Data Out Formats 


DO Formats 
OBO 
OB1 
OB2 
OB3 
OB4 
OB5 
OB6 
OB7 
OB8 
OB9 
OB10 
OB11 
OB12 
OB13 
OB14 
OB15 
OB16 


17 
X 
X 
X 
X 
Sign 
MSB 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
LSB 
Bits 


MSB 
13 
Sign 
MSB 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
LSB 


First 
Bits 


9 
Sign 
MSB 
6 
5 
4 
3 
2 
1 
LSB 


with 
Bits 


Sign 
17 


Bits 
LSB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MSB 
Sign 
X 
X 
X 
X 


LSB 
13 
LSB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MSB 
Sign 
First 
Bits 


9 
LSB 
1 
2 
3 
4 
5 
6 
MSB 
Sign 
Bits 


16 
0 
0 
0 
0 
MSB 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
LSB 
Bits 


MSB 
12 
MSB 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
LSB 
First 
Bits 


8 
MSB 
6 
5 
4 
3 
2 
1 
LSB 


without 
Bits 


Sign 
16 


Bits 
LSB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MSB 
0 
0 
0 
0 


LSB 
12 
LSB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MSB 
First 
Bits 


8 
LSB 
1 
2 
3 
4 
5 
6 
MSB 
Bits 


x ~ 
High or Low state. 


TABLE 
II. AOC12L038 
Multiplexer 
Addressing 


Analog 
Channel 
Addressed 
AID 
Input 
Multiplexer 


MUX 
and Assignment 
Output 


Address 
with AlDIN1 
tied to MUXOUT1 
Polarity 
Channel 
Mode 


and AlDIN2 
tied to MUXOUT2 
Assignment 
Assignment 


010 
011 
012 
013 
CHO 
CH1 
CH2 
CH3 
CH4 
CH5 
CH6 
CH7 
COM 
AlOIN1 
AlOIN2 
MUXOUT1 
MUXOUT2 


L 
L 
L 
L 
+ 
- 
+ 
- 
CHO 
CH1 


L 
L 
L 
H 
+ 
- 
+ 
- 
CH2 
CH3 


L 
L 
H 
L 
+ 
- 
+ 
- 
CH4 
CH5 


L 
L 
H 
H 
+ 
- 
+ 
- 
CH6 
CH7 


L 
H 
L 
L 
- 
+ 
+ 
CHO 
CH1 
Differential 
- 


L 
H 
L 
H 
- 
+ 
- 
+ 
CH2 
CH3 


L 
H 
H 
L 
- 
+ 
- 
+ 
CH4 
CH5 


L 
H 
H 
H 
- 
+ 
- 
+ 
CH6 
CH7 


H 
L 
L 
L 
+ 
- 
+ 
- 
CHO 
COM 


H 
L 
L 
H 
+ 
- 
+ 
- 
CH2 
COM 


H 
L 
H 
L 
+ 
- 
+ 
- 
CH4 
COM 


H 
L 
H 
H 
+ 
- 
+ 
- 
CH6 
COM 


H 
H 
L 
L 
+ 
- 
+ 
- 
CH1 
COM 
Single-Ended 


H 
H 
L 
H 
+ 
- 
+ 
- 
CH3 
COM 


H 
H 
H 
L 
+ 
- 
+ 
- 
CH5 
COM 


H 
H 
H 
H 
+ 
- 
+ 
- 
CH7 
COM 


fII 


Analog 
Channel 
Addressed 
AID 
Input 
Multiplexer 


MUX 
and Assignment 
Output 


Address 
with AlDIN1 
tied to MUXOUT1 
I 
Polarity 
Channel 
Mode 
and AlDIN2 
tied to MUXOUT2 
Assignment 
Assignment 


010 
011 
012 
CHO 
CH1 
CH2 
CH3 
COM 
AlOIN1 
AlOIN2 
MUXOUT1 
MUXOUT2 


L 
L 
L 
+ 
- 
+ 
- 
CHO 
CH1 


L 
L 
H 
+ 
- 
+ 
- 
CH2 
CH3 


L 
H 
L 
+ 
+ 
CHO 
CH1 
Differential 
- 
- 


L 
H 
H 
- 
+ 
- 
+ 
CH2 
CH3 


H 
L 
L 
+ 
- 
+ 
- 
CHO 
COM 


H 
L 
H 
+ 
- 
+ 
- 
CH2 
COM 


H 
H 
L 
+ 
- 
+ 
- 
CH1 
COM 
Single-Ended 


H 
H 
H 
+ 
- 
+ 
- 
CH3 
COM 


Analog 
Channel 
Addressed 
AID Input 
Multiplexer 


MUX 
and Assignment 
Polarity 
Output 


Address 
with A/DIN1 
tied to MUXOUT1 
Channel 
Mode 
and AlDIN2 
tied to MUXOUT2 
Assignment 
Assignment 


010 
011 
CHO 
CH1 
COM 
AlOIN1 
AlOIN2 
MUXOUT1 
MUXOUT2 


L 
L 
+ 
- 
+ 
- 
CHO 
CH1 


L 
H 
+ 
+ 
CHO 
CH1 
Differential 
- 
- 


H 
L 
+ 
- 
+ 
- 
CHO 
COM 


H 
H 
+ 
- 
+ 
- 
CH1 
COM 
Single-Ended 


AOC12L038 
010 
011 
012 
013 
014 
015 
016 
017 


AOC12L034 
010 
011 
012 
013 
014 
015 
016 
Mode Selected 
DO Format 


AOC12L030 
(Current) 
(next Conversion 


and 
010 
011 
012 
013 
014 
015 
Cycle) 


AOC12L032 


See Tables 
II, III or IV 
L 
L 
L 
L 
12 Bit Conversion 
12 or 13 Bit MSB First 


See Tables 
II, III or IV 
L 
L 
L 
H 
12 Bit Conversion 
16 or 17 Bit MSB First 


See Tables 
II, III or IV 
L 
L 
H 
L 
8 Bit Conversion 
8 or 9 Bit MSB First 


L 
L 
L 
L 
L 
L 
H 
H 
12 Bit Conversion 
of Full-Scale 
12 or 13 Bit MSB First 


See Tables 
II, III or IV 
L 
H 
L 
L 
12 Bit Conversion 
12 or 13 Bit LSB First 


See Tables 
II, III or IV 
L 
H 
L 
H 
12 Bit Conversion 
16 or 17 Bit LSB First 


See Tables 
II, III or IV 
L 
H 
H 
L 
8 Bit Conversion 
8 or 9 Bit LSB First 


L 
L 
L 
L 
L 
H 
H 
H 
12 Bit Conversion 
of Offset 
12 or 13 Bit LSB First 


L 
L 
L 
L 
H 
L 
L 
L 
AutoCal 
No Change 


L 
L 
L 
L 
H 
L 
L 
H 
Auto Zero 
No Change 


L 
L 
L 
L 
H 
L 
H 
L 
Power Up 
No Change 


L 
L 
L 
L 
H 
L 
H 
H 
Power Down 
No Change 


L 
L 
L 
L 
H 
H 
L 
L 
Read Status 
Register 
No Change 


L 
L 
L 
L 
H 
H 
L 
H 
Data Out without 
Sign 
No Change 


H 
L 
L 
L 
H 
H 
L 
H 
Data Out with Sign 
No Change 


L 
L 
L 
L 
H 
H 
H 
L 
Acquisition 
Time-6 
CCLK Cycles 
No Change 


L 
H 
L 
L 
H 
H 
H 
L 
Acquisition 
Time---1 0 CCLK Cycles 
No Change 


H 
L 
L 
L 
H 
H 
H 
L 
Acquisition 
Time---18 
CCLK Cycles 
No Change 


H 
H 
L 
L 
H 
H 
H 
L 
Acquisition 
Time---34 
CCLK Cycles 
No Change 


L 
L 
L 
L 
H 
H 
H 
H 
User Mode 
No Change 


H 
X 
X 
X 
H 
H 
H 
H 
Test Mode 
No Change 
(CH1-CH7 
become 
Active 
Outputs) 


CS 
CONY 
PO 
Mode 


L 
L 
L 
See Table V for Mode 


L 
H 
L 
Read Only (Previous 
DO Format) 


No Conversion 


H 
X 
L 
Idle 


X 
X 
H 
Power Down 
• 


Tables 
(Continued) 
TABLE VII. Status Register 


Status Bit 
DBO 
DB1 
Location 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 
DBa 


Status Bit 
PU 
PO 
Cal 
Bor9 
12 or 13 
16 or 17 
Sign 
Justification 
Test Mode 


Device Status 
DO Output Format Status 


"High" 
"High" 
"High" 
"High" 
"High" 
"High" 
"High" 
When "High" 
When 
indicates 
indicates 
indicates 
indicates 
indicates 
indicates 
indicates 
the 
"High" the 
a Power 
a Power 
an Auto- 
an 8 or 9 
a 12 or 
a 16 or 
that the 
conversion 
device is in 
Function 
Up 
Down 
Cal 
bit format 
13 bit 
17bit 
sign bit is 
result will be 
test mode. 


Sequence 
Sequence 
Sequence 
format 
format 
included. 
outputMSB 
When 
is in 
isin 
is in 
When 
first. When 
"Low" the 
progress 
progress 
progress 
"Low" 
"Low" the 
device is in 
the sign 
result will be 
user mode. 


bit is not 
outputLSB 
included. 
first. 


Application 
Hints 


1.0 DIGITAL INTERFACE 


1.1 Interlace Concepts 
The example in Figure 
5 shows a typical sequence of 
events after the power is applied to the ADC12L030/2/4/8: 


TLIH/11830-36 
FIGURE 5. Typical Power Supply Power Up Sequence 
The first instruction input to the AID via 01 initiates Auto Cal. 
The data output on DO at that time is meaningless and is 
completely random. To determine whether the Auto Cal has 
been completed, a read status instruction is issued to the 
AID. Again the data output at that time has no significance 
since the Auto Cal procedure modifies the data in the output 
shift register. To retrieve the status information, an addition- 
al read status instruction is issued to the AID. At this time 
the status data is available on DO. If the Cal signal in the 
status word is low Auto Cal has been completed. Therefore, 
the next instruction issued can start a conversion. The data 
output at this time is again status information. To keep noise 
from corrupting the AID conversion, the status can not be 
read during a conversion. If CS is strobed and is brought low 
during a conversion, that conversion is prematurely ended. 
EOC can be used to determine the end of a conversion or 
the AID 
controller can keep track in software of when it 
would be appropriate to communicate to the AID again. 


I/o Sequence I 


Once it has been determined that the AID has completed a 
conversion another instruction can be transmitted to the 
AID. The data from this conversion can be accessed when 
the next instruction is issued to the AID. 


Note, when CS is low continuously it is important to transmit 
the exact number of SCLK cycles, as shown in the timing 
diagrams. Not doing so will desynchronize the serial com- 
munication to the AID (see Section 1.3). 


1.2 Changing Configuration 


The configuration of the ADC12L030/2/4/8 
on power up 
defaults to 12-bit plus sign resolution, 12- or 13-bit MSB 
First, 10 CCLK acquisition time, user mode, no Auto Cal, no 
Auto Zero, and power up mode. Changing the acquisition 
time and turning the sign bit on and off requires an 8-bit 
instruction to be issued to the ADC. This instruction will not 
start a conversion. The instructions that select a multiplexer 
address and format the output data do start a conversion. 
Figure 6 describes an example of changing the configura- 
tion of the ADC12L030/2/4/8. 


During 1/0 sequence 1 the instruction on 01 configures the 
ADC12L030/2/4/8 
to do a conversion with 12-bit +sign 
resolution. Notice that when the 6 CCLK Acquisition and 
Data Out without Sign instructions are issued to the ADC, 
1/0 sequences 2 and 3, a new conversion is not started. 
The data output during these instructions is from conversion 
N which was started during 1/0 sequence 1. The Configura- 
tion Modification timing diagram describes in detail the se- 
quence of events necessary for a Data Out without Sign. 
Data Out with Sign, or 6/10/18/34 
CCLK Acquisition time 
mode selection. Table V describes the actual data neces- 
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sary to be input to the ADC to accomplish this configuration 
modification. The next instruction, shown in Figure 6, issued 
to the AID starts conversion N+ 1 with 8 bits of resolution 
formatted MSB firsl Again the data output during this 1/0 
cycle is the data from conversion N. 


The number of SCLKs applied to the AID during any con- 
version 1/0 sequence should vary in accord with the data 
out word format chosen during the previous conversion 1/0 
sequence. The various formats and resolutions available 
are shown in Table I. In Figure 
6, since 8-bit without sign 


MSB first format was chosen during 1/0 sequence 4, the 
number of SCLKs required during 1/0 sequence 5 is 8. In 
the following 1/0 sequence the format changes to 12-bit 
without sine MSB first; therefore the number of SCLKs re- 
quired during 1/0 sequence 6 changes accordingly to 12. 


1.3~ 
Low Continuously 
Considerations 


When <:;S is continuously low, it is important to transmit the 
exact number of SCLK pulses that the ADC expects. Not 
doing so will desynchronize the serial communications to 
the ADC. When the supply power is first applied to the ADC, 
it will expect to see 13 SCLK pulses for each 1/0 transmis- 
sion. The number of SCLK pulses that the ADC expects to 
see is the same as the digital output word length. The digital 
output word length is controlled by the Data Out (DO) for- 
mal The DO format maybe changed any time a conversion 
is started or when the sign bit is turned on or off. The table 
below details out the number of clock periods required for 
different DO formats: 


Number of 
DO Format 
SCLKs 
Expected 


8-Bit MSB or LSB First 
SIGN OFF 
8 


SIGN ON 
9 


12-Bit MSB or LSB First 
SIGN OFF 
12 


SIGN ON 
13 


16-Bit MSB or LSB first 
SIGN OFF 
16 


SIGN ON 
17 


If erroneous SCLK pulses desynchronize the communica- 
tions, the simplest way to recover is by cycling the power 
supply to the device. Not being able to easily resynchronize 
the device is a shortcoming of leaving <:;S low continuously. 
The number of clock pulses required for an 1/0 exchange 
may be different for the case when <:;S is left low continu- 
ously vs. the case when <:;S is cycled. Take the 1/0 se- 
quence detailed in Figure 
5 (Typical Power Supply Se- 
quence) as an example. The table below lists the number of 
SCLK pulses required for each instruction: 


Instruct/on 
C!Low 
CSStrobed 
Continuously 


AutoCal 
13SCLKs 
8SCLKs 


ReadStatua 
13SCLKs 
8SCLKs 


Read StatuI 
13SCLKa 
8SCLKa 


12-Bit + Sign Conv 1 
13SCLKs 
8SCLKs 


12·Bit + Sign Conv 2 
13SCLKs 
13SCLKs 


1.4 Analog Input Channel Selection 
The data input on 01 also selects the channel configuration 
for a particular AID conversion (see Tables II, III, IV and V). 


In Figure 6 the only times when the channel configuration 
could be modified would be during 1/0 sequences 1, 4, 5 
and 6. Input channels are reselected before the start of 
each new conversion. Shown below is the data bit stream 
required on 01, during 1/0 sequence number 4 in Figure 
6, 


to set CH1 as the positive input and CHOas the negative 
input for the different versions of ADCs: 


Part 
01 Data 


Number 
010 
011 
012 
013 
014 
015 
016 
017 


AOC12L030 
L 
H 
L 
L 
H 
L 
X 
X 


AOC12L032 
L 
H 
L 
L 
H 
L 
X 
X 


ADC12L034 
L 
H 
L 
L 
L 
H 
L 
X 


ADC12L038 
L 
H 
L 
L 
L 
L 
H 
L 


1.5 Power UplOown 


The ADC may be powered down at any time by taking the 
PO pin HIGH or by the instruction input on 01 (see Tables V 
and VI, and the Power UplDown timing diagrams). When 
the ADC is powered down in this way the circuitry necessary 
for an AID conversion is deactivated. The circuitry neces- 
sary for digital 1/0 is kept active. Hardware power upldown 
is controlled by the state of the PO pin. Software power upl 
down is controlled by the instruction issued to the ADC. If a 
software power up instruction is issued to the ADC while a 
hardware power down is in effect (PO pin high) the device 
will remain in the power-down state. If a software power 
down instruction is issued to the ADC while a hardware 
power up is in effect (PO pin low), the device will power 
down. When the device is powered down by software, it 
may be powered up by either issuing a software power up 
instruction or by taking PO pin high and then low. If the 
power down command is issued during an AID conversion, 
that conversion is disrupted. Therefore, the data output after 
power up cannot be relied on. 


1.6 User Mode and Telt Mode 
An instruction may be issued to the ADC to put it into test 
mode. Test mode is used by the manufacturer to verify com· 
plete functionality of the device. During test mode CHO- 
CH7 become active outputs. If the device is inadvertently 
put into the test mode with <:;S low continuously, the serial 
communications may be desynchronized. Synchronization 
may be regained by cycling the power supply voltage to the 
device. Cycling the power supply voltage will also set the 
device into user mode. If <:;S is used in the serial interface, 
the ADC may be queried to see what mode it is in. This is 
done by issuing a "read STATUS register" instruction to the 
ADC. When bit 9 of the status register is high the ADC is in 
test mode; when bit 9 is low the ADC is in user mode. As an 
alternative to cycling the power supply, an instruction se- 
quence may be used to return the device to user mode. This 
instruction sequence must be issued to the ADC using <:;S. 
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The following table lists the instructions reqUired to return 
the device to user mode: 


Instruction 
01 Data 


DID 011 012 013 014 015 016 017 


TEST MODE 
H 
X 
X 
X 
H 
H 
H 
H 


RESET 
L 
L 
L 
L 
H 
H 
H 
L 


TEST MODE 
L 
L 
L 
L 
H 
L 
H 
L 


INSTRUCTIONS 
L 
L 
L 
L 
H 
L 
H 
H 


USER MODE 
L 
L 
L 
L 
H 
H 
H 
H 


Power Up 
L 
L 
L 
L 
H 
L 
H 
L 


Set DO with 
H 


or without 
or 
L 
L 
L 
H 
H 
L 
H 


Sign 
L 


Set 
H 
H 


Acquisition 
or 
or 
L 
L 
H 
H 
H 
L 


Time 
L 
L 


Start 
H 
H 
H 
H 
H 
H 
H 
a 
or 
or 
or 
or 
L 
or 
or 
or 


Conversion 
L 
L 
L 
L 
L 
L 
L 


x - 
Don't Care 
After returning to user mode with the user mode instruction 
the power up, data with or without sign, and acquisition time 
instructions need to be resent to ensure that the ADC is in 
the required state before a conversion is started. 


1.7 Reading the Data Without Starting a Conversion 
The data from a particular conversion may be accessed 
without starting a new conversion by ensuring that the 
~ 
line is taken high during the 1/0 sequence. See the 


Read Data timing diagrams. Table VI describes the opera- 
tion of the CONY pin. 


2.0 DESCRIPTION OF THE ANALOG MULTIPLEXER 
For the ADC12L038, the analog input multiplexer can be 
configured with 4 differential channels or 8 single ended 
channels with the COM input as the zero reference or any 
combination thereof (see Figure 7). The difference between 
the voltages on the VREF+ and VREF- pins determines the 
input voltage span (VREF).The analog input voltage range is 
o to VA+. Negative digital output codes result when VIN- > 
VIN+. The actual voltage at VIN- or VIN+ cannot go below 
AGND. 


4 Differential 
Channels 


+(-) 
CHO 
-(+) 
CHI 


+(-) 
CH2 
-(+) 
CH3 


+(-) 
CH. 
-(+) 
CH5 


+(-) 
CH6 
-(+) 
CH7 


8 Single-Ended Channels 


with COM 


as Zero Reference 


FIGURE 7 
CHO, CH2, CH4, and CH6 can be assigned to the MUX- 
OUT1 pin in the differential configuration, while CH1, CH3, 
CH5, and CH7 can be assigned to the MUXOUT2 pin. In the 
differential configuration, the analog inputs are paired as fol- 
lows: CHOwith CH1, CH2 with CH3, CH4 with CH5 and CH6 
with CH7. The AlDIN1 and AlDIN2 pins can be assigned 
positive or negative polarity. 
With 
the 
single-ended 
multiplexer 
configuration 
CHO 


through CH7 can be assigned to the MUXOUT1 pin. The 
COM pin is always assigned to the MUXOUT2 pin. AlDIN1 
is assigned as the positive input; AlDIN2 is assigned as the 
negative input. (See Figure 8). 


Differential 
Configuration 


CHO 
CHO 
CH2 
CHl 
CH. 
I,WXOUTI 
CH2 


CH6 
CH3 
CH. 
CHl 
CH5 


CH3 
CH6 


CH5 
WUXOUT2 
CH7 


CH7 
COW 


Tl/H/11830-40 
A/DIN1and A/DIN2can be as- 
signed as the + or - 
input 


Single-Ended 
Configuration 


~-.-~ -iiUx 
-~~ 
~ 
WUX 


A/DINl is + input 
A/DIN2is - 
input 


FIGURE 8 
The Multiplexer assignment tables for the ADC12L030,2,4,8 
(Tables II, III, and IV) summarize the aforementioned func- 
tions for the different versions of AIDs; 


2.1 Biasing for Various Multiplexer Configurations 
Figure 9 is an example of biasing the device for single-end- 
ed operation. The sign bit is always low. The digital output 
range is 0 0000 0000 0000 to 0 1111 1111 1111. One LSB 
is equal to 610 ",V (2.5V/4096 LSBs). 


ANALOG 


INPUT 


VOLTAGE 


RANGE 


OV 
TO 
2.5V 


12 
BITS 
UNSIGNED 


ASSIGNED 
ADC12L03Y 


(-) 
INPUT 
COM 
V 
REf+ 


ANALOG 


INPUT 


VOLTAGE 


GROUND 


REfERENCE 


For pseudo-differential signed operation the biasing circuit 
shown in Figure 
10 shows a signal AC coupled to the ADC. 
This gives a digital output range of - 4096 to +4095. With a 
1.25V reference, as shown, 1 LSB is equal to 305 p.V. Al- 
though the ADC is not production tested with a 1.25V refer- 
ence linearity error typically will not change more than 0.3 
LSB. With the ADC set to an acquisition time of 10 clock 
periods the input biasing resistor needs to be 600n or less. 
Notice though that the input coupling capacitor needs to be 
made fairly large to bring down the high pass corner. In- 
creasing the acquisition time to 34 clock periods (with a 


ANALOG 
vA+ 


INPUT 
Av 
CHO 


VOLTAGE 
CHl 


RANGE 
>1 
CH2 


OV 
TO 
2.5V 
ASSIGNED 
\0 


(+) 
INPUT 
CH8 
Vo+ 


12 
BITS 
SIGNED 
R2 
aoon 


(DEPENDS 
ON 
ASSIGNED 
ADC12L03Y 


ACQUISITION 
(-) 
INPUT 
TIME) 
COM 
VREf + 


5 MHz CCLK frequency) would allow the 600n to increase 
to 6k, which with a 1 p.F coupling capacitor would set the 
high pass corner at 26 Hz. The value of R1 will depend on 
the value of R2. 
An alternative method for biasing pseudo-differential opera- 
tion is to use the +2.5V from the LM9140 to bias any ampli- 
fier circuits driving the ADC as shown in Figure 
11. The 


value of the resistor.pull-up biasing the LM9140-2.5 will de- 
pend upon the current required by the op amp biasing cir- 
cuitry. 
. 


Fully differential operation is shown in Figure 
12. One LSB 


for this case is equal to (2.5V/4096) = 610 mV. 
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INPUT 


VOLTAGE 


GROUND 


REfERENCE 
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PIQURE 
10. 'Nudo-Dlfferentlal 
Bla81ng with the Signal Source 
AC Coupled 
Directly 
Into the ACC 


ANALOG 


INPUT 


VOLTAGE 


INPUT 


VOLTAGE 


RANGE 


OV TO 
2.5V 


12 
BITS 
SIGNED 
A. 
. ASSIGNED 
. 
"V 
(+) 
INPUT 


ASSIGNED 
ADC12L03Y 
I 
I 
I 


(-) 
INPUT 
- 
- 
- 
COW 
VREf+ 


- 
- 
- 
VREf- 


ANALOG 


INPUT 


VOLTAGE 


GROUND 


REfERENCE 


ANALOG 


INPUT 


VOLTAGE 


RANGE 


D.4V 
TO 2.9V 


CHD 


CH2 


CH4 
ASSIGNED 
or 


(+) 
INPUT 
CH6 


ANALOG V' 
CHl 
VREf+ 
+2.5V 


INPUT 
CHJ 


VOLTAGE 
CHS 


RANGE 
ASSIGNED 
or 


D.4V 
TO 2.9V 
(-) 
INPUT 
CH7 
- 
- 
- 
VREf- 
Lt.49140BYZ-2.5 


ANALOG 


INPUT 


VOLTAGE 


GROUND 


REFERENCE 


3.0 REFERENCE 
VOLTAGE 


The difference in the voltages applied to the VREF+ 
and 


VREF- 
defines the analog input span (the difference be- 


tween the voltage applied between two multiplexer inputs or 
the voltage applied to one of the multiplexer Inputs and ana· 
log ground), over which 4095 positive and 4096 negative 
codes exist. The voltage sources driving VREF+ 
or VREF- 


mUit have very low output Impedance and noise. 


The ADC12L030/2/4/8 
can be used in either ratiometric or 


absolute reference applications. In ratiometric systems, the 
analog input voltage is proportional to the voltage used for 
the ADC's reference voltage. When this voltage is the sys- 
tem power supply, the VREF+ 
pin is connected to VA + and 


VREF- 
is connected to ground. This technique relaxes the 


Input 
voltage 
ana 
lne 
1'\LJ\.I rtiltil~ll(,;t:t 
YUllC:I\:ItJ IllVYt:ll LU~gUI- 


er. This maintains the same output code for given input con- 
ditions. For absolute accuracy, where the analog input volt- 
age varies between very specific voltage limits, a time and 
temperature stable voltage source can be connected to the 
reference inputs. Typically, the reference voltage's magni- 
tude will require an initial adjustment to null reference volt- 
age induced full-scale errors. 
Below are recommended references along with some key 
specifications. 


Output 
Temperature 


Part Number 
Voltage 
Coefficient 
Tolerance 
(max) 


LM4041CIM3-AdJ 
±0.5% 
±100ppm1"C 


LM4040AIM3·2.5 
±0.1% 
±100ppm1"C 


LM9140BVZ·2.5 
±0.5% 
±25ppml"C 


LM368Y·2.5 
±0.1% 
±20ppml"C 


The reference voltage inputs are not fully differential. The 
ADC12L030/2/4/8 
will not generate correct conversions or 


comparisons if VREF+ is taken below VREF-. Correct con- 
versions result when VREF+ and VREF- differ by 1V and 
remain, at all times, between ground and VA+. The VREF 
common mode range, (VREF+ + VREF-)/2, is restricted to 
(0.1 x VA+) to (0.6 X VA+). Therefore, with VA+ = 3.3V 
the center of the reference ladder should not go below 
0.33V or above 1.98V. Figure 
13 is a graphic representation 


of the voltage restrictions on VREF+ and VREF-. 


£ 


.:. 
0.' v,.•• 
0.5V 
.. 
>'" 
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two's complement output that is found by using the equa- 
tions shown below: 


for (12-bit) resolution the Output Code = 
(VIN+ - VIN-) (4096) 


(VREF+ - VREF-) 
for (8-bit) resolution the Output Code = 


(VIN+ - VIN-) (256) 


(VREF+ - VREF-) 


Round off to the nearest integer value between - 4096 to 
4095 for 12-bit resolution and between - 256 to 255 for 8- 
bit resolution if the result of the above equation is not a 
whole number. 


Examples are shown in the table below: 


Digital 


VREF+ 
VREF- 
VIN+ 
VIN- 
Output 
Code 


+2.5V 
+1V 
+1.5V 
OV 
0,1111,1111,1111 


+2.500V 
OV 
+2V 
OV 
0,1100,1100,1101 


+2.500V 
OV 
+2.499V 
+2.500V 
1,1111,1111,1111 


+2.500V 
OV 
OV 
+2.500V 
1,0000,0000,0000 


5.0 INPUT CURRENT 
At the start of the acquisition window (tA) a charging current 
flows into or out of the analog input pins (AlDIN1 and 
AlDIN2) depending on the input voltage polarity. The ana- 
log input pins are CHO-CH7 and COM when AlDIN1 is tied 
to MUXOUT1 and AlDIN2 is tied to MUXOUT2. The peak 
value of this input current will depend on the actual input 
voltage applied, the source impedance and the internal mul- 
tiplexer switch on resistance. With MUXOUT1 tied to 
AlDIN1 and MUXOUT2 tied to AlDIN2 the internal multi- 
plexer switch on resistance is typically 1.6 kO. The A/DIN1 
and AlDIN2 mux on resistance is typically 7500. 


6.0 INPUT SOURCE RESISTANCE 


For low impedance voltage sources «6000), 
the input 


charging current will decay, before the end of the S/H's 
acquisition time of 2 /'os(10 CCLK periods with fe = 5 MHz), 
to a value that will not introduce any conversion errors. For 
high source impedances, the S/H's acquisition time can be 
increased to 18 or 34 CCLK periods. For less ADC resolu- 
tion and/or slower CCLK frequencies the S/H's acquisition 
time may be decreased to 6 CCLK periods. To determine 
the number of clock periods (Ncl required for the acquisition 
time with a specific source impedance for the various reso- 
lutions the following equations can be used: 


12 Bit + Sign 
Ne = [RS + 2.31 X Ie X 0.824 


8 Bit + Sign 
Ne = [Rs + 2.31 X Ie X 0.57 


Where fe is the conversion clock (CCLK) frequency in MHz 
and Rs is the external source resistance in kO. As an exam- 
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pie, operating with a resolution of 12 Bits+sign, a 5 MHz 
clock frequency and maximum acquistion time of 34 conver- 
sion clock periods the ADC's analog inputs can handle a 
source impedance as high as 6 kO. The acquisition time 
may also be extended to compensate for the settling or 
response time of external circuitry connected between the 
MUXOUT and AlDIN pins. 


The acquisition time (tA>is started by a falling edge of SCLK 
and ended by a rising edge of CCLK (see Timing Diagrams). 
If SCLK and CCLK are asynchronous one extra CCLK clock 
period may be inserted into the programmed acquisition 
time 
for 
synchronization. Therefore 
with asnychronous 


SCLK and CCLK the acquisition time will change from con- 
version to conversion. 


7.0 INPUT 
BYPASS 
CAPACITANCE 


External capacitors (0.01 JLF-0.1 JLF)can be connected be- 
tween the analog input pins, CHO-CH7, and analog ground 
to filter any noise caused by inductive pickup associated 
with long input leads. These capacitors will not degrade the 
conversion accuracy. 


8.0 NOISE 
The leads to each of the analog multiplexer input pins 
should be kept as short as possible. This will minimize input 
noise and clock frequency coupling that can cause conver- 
sion errors. Input filtering can be used to reduce the effects 
of the noise sources. 


9.0 POWER 
SUPPLIES 


Noise spikes on the VA+ and Vo + supply lines can cause 
conversion errors; the comparator will respond to the noise. 
The ADC is especially sensitive to any power supply spikes 
that occur during the auto-zero or linearity correction. The 


minimum power supply bypassing capacitors recommended 
are low inductance tantalum capacitors of 10 JLFor greater 
paralleled with 0.1 JLFmonolithic ceramic capacitors. More 
or different bypassing may be necessary depending on the 
overall system requirements. Separate bypass capacitors 
should be used for the VA+ and Vo + supplies and placed 
as close as possible to these pins. 


10.0 GROUNDING 
The ADC12L030/2/4/8's 
performance can be maximized 
through proper grounding techniques. These include the 
use of separate analog and digital ground planes. The digi- 
tal ground plane is placed under all components that handle 
digital signals, while the analog ground plane is placed un- 
der all components that handle analog signals. The digital 
and analog ground planes are connected together at only 
one point, either the power supply ground or at the pins of 
the ADC. Th.is greatly re~uces the occurence of ground 
loops and nOise. 
Shown in Figure 
14 is the ideal ground plane layout for the 


ADC12L038 along with ideal placement of the bypass ca- 
pacitors. The circuit board layout shown in Figure 
14 uses 


three bypass capacitors: 0.01 JLF(C1) and 0.1 JLF(C2) sur- 
face mount capacitors and 10 JLF(C3) tantalum capacitor. 


11.0 CLOCK 
SIGNAL 
LINE ISOLATION 
The ADC12L030/2/4/8's 
performance is optimized by rout- 


ing the analog input! output and reference signal conductors 
as far as possible from the conductors that carry the clock 
signals to the CCLK and SCLK pins. Ground traces parallel 
to the clock signal traces can be used on printed circuit 
boards to reduce clock signal interference on the analog 
inputloutput pins. 
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12.0 THE CALIBRATION 
CYCLE 


A calibration 
cycle 
needS" to be started 
after the power 
sup- 
plies, reference, 
and clock 
have been given enough 
time to 
stabilize 
after initial turn on. During the calibration 
cycle, cor- 
rection 
values 
are determined 
for the offset 
voltage 
of the 
sampled 
data comparator 
and any linearity 
and gain errors. 


These 
values are stored 
in internal 
RAM and used during an 
analog-to-digital 
conversion 
to bring 
the 
overall 
full-scale, 


offset, 
and linearity 
errors 
down 
to the specified 
limits. Full- 
scale 
error 
typically 
changes 
± 0.4 
LSB over 
temperature 
and linearity 
error changes 
even less; therefore 
it should 
be 
necessary 
to go through 
the calibration 
cycle 
only once 
af- 
ter power 
up if the 
Power 
Supply 
Voltage 
and the ambient 
temperature 
do not change 
significantly 
(see the curves 
in 


the Typical 
Performance 
Characteristics). 


13.0 THE AUTO-ZERO 
CYCLE 


To correct 
for any change 
in the zero 
(offset) 
error 
of the 


AID, 
the auto-zero 
cycle can be used. It may be necessary 


to do an auto-zero 
cycle whenever 
the ambient 
temperature 
or the power 
supply 
voltage 
change 
significantly. 
(See the 
curves 
titled 
"Zero 
Error Change 
vs Ambient 
Temperature" 
and "Zero 
Error Change 
vs Supply 
Voltage" 
in the Typical 
Performance 
Characteristics.) 


14.0 DYNAMIC 
PERFORMANCE 


Many applications 
require 
the AID 
converter 
to digitize 
AC 
signals, 
but the standard 
DC integral 
and differential 
nonlin- 
earity specifications 
will not accurately 
predict 
the AID 
con- 


verter's 
performance 
with 
AC input 
signals. 
The 
important 
specifications 
for 
AC 
applications 
reflect 
the 
converter's 
ability 
to digitize 
AC signals 
without 
significant 
spectral 
er- 
rors and without 
adding 
noise to the digitized 
signal. Dynam- 
ic characteristics 
such 
as signal-to-noise 
(SIN), 
signal-to- 
noise + distortion 
ratio (S/(N 
+ D)), effective 
bits, full pow- 
er bandwidth, 
aperture 
time and aperture 
jitter are quantita- 


tive measures 
of the AID 
converter's 
capability. 


An AID 
converter's 
AC performance 
can be measured 
us- 
ing 
Fast 
Fourier 
Transform 
(FFT) 
methods. 
A sinusoidal 
waveform 
is applied 
to the AID 
converter's 
input, 
and the 
transform 
is then 
performed 
on 
the 
digitized 
waveform. 


S/(N + D) and SIN 
are calculated 
from 
the resulting 
FFT 
data, and a spectral 
plot may also be obtained. 


The AID 
converter's 
noise and distortion 
levels will change 


with the frequency 
of the input signal, 
with 
more 
distortion 
and noise 
occurring 
at higher 
signal 
frequencies. 
This can 
be seen in the S/(N + D) versus 
frequency 
curves. 
These 


curves 
will also 
give 
an indication 
of the full 
power 
band- 


width 
(the frequency 
at which 
the S/(N + D) or SIN 
drops 
3 dB). 


Effective 
number 
of bits can also be useful 
in describing 
the 
AID's 
noise performance. 
An ideal AID 
converter 
will have 
some amount 
of quantization 
noise, determined 
by its reso- 


lution, 
which 
will yield 
an optimum 
SIN 
ratio 
given 
by the 


following 
equation: 


SIN 
= (6.02 x n + 1.8) dB 


where 
n is the AID's 
resolution 
in bits. 


The effective 
bits of a real AID 
converter, 
therefore, 
can be 
found 
by: 


S/N(dB) 
- 
1.8 
n(effective) 
= 
6.02 


As an example, 
this device 
with a ±2.5V, 
10 kHz sine wave 


input 
signal 
will 
typically 
have 
a SIN 
of 78 dB, 
which 
is 
equivalent 
to 12.6 effective 
bits. 
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15.0 AN RS232 SERIAL INTERFACE 
Shown below is a schematic for an RS232 interface to any 
IBM and compatible PCs. The DTR, RTS, and CTS RS232 
signal lines are buffered via level translators and connected 


to the ADC12L038's DI, SCLK, and DO pins, respectively. 
The D flip flop drive the ~ 
control line. 


Vo+ 


OOR 


CCLK 


SCLK 


01 


CH5 ADC 12L038 
~ 


CH6 
CS 


CONV 


EOC 


CTS 


RS232 
Interface 
Connector 


TUH/11830-45 


Note: VA +, Vo+, 
and VREF+ on the ADC12L038 
each have 0.01 I'F and 0.1 I'F chip caps, and 10 I'F tantalum caps. All logic devices are bypassed with 0.1 I'F 


caps. The OS14C335 
has an internal DC-DC converter that generates the necessary TIA/EIA-232-E 
output levels from a 3.3V suppty. There are four 0.47 ILF 


capacitors 
required for the DC-DC 
converter 
that are not shown in the above schematic. 


87 
86 
85 
84 
83 
82 
81 
80 


COM1 I Input Address 
I 3FE 
X 
X 
X 
CTS 
X 
X 
X 
X 
I Output Address I 3FC 
X 
X 
X 
0 
X 
X 
RTS 
DTR 


A sample program, written in MicrosoftTM QuickBasic, is 
shown on the next page. The program prompts for data 
mode select instruction to be sent to the AID. This can be 
found from the Mode Programming table shown earlier. The 
data should be entered in "1"s and "O"s as shown in the 
table with DIOfirst. Next the program prompts for the num- 
ber of SCLKs required for the programmed mode select in- 
struction. For instance, to send all "O"s to the AID, selects 
CHOas the +input, CH1 as the -input, 
12-bit conversion, 
and 13-bit MSB first data output format (if the sign bit was 
not turned off by a previous instruction). This would require 
13 SCLK periods since the output data format is 13 bits. The 
part 
powers 
up 
with 
No 
Auto 
Cal, 
No 
Auto 
Zero, 


10 CCLK Acquisition Time, 12-bit conversion, data out with 
sign, 12- or 13-bit MSB First, power up, and user mode. 
Auto Cal, Auto Zero, Power UP and Power Down instruc- 
tions do not change these default settings. The following 
power up sequence should be followed: 
1. Run the program 
2. Prior to responding to the prompt apply the power to the 


ADC12L038 


3. Respond to the program prompts 
It is recommended that the first instruction issued to the 
ADC12L038 be Auto Cal (see Section 1.1). 


'variables DOL=Data Out word length, 
, 
DO=A/D result string 


'SET CS# HIGH 
OUT &H3FC, 
(&H2 OR INP (&H3FC)) 


OUT &H3FC, 
(&HFE AND INP (&H3FC)) 


OUT &H3FC, 
(&HFD AND INP (&H3FC)) 


'set RTS HIGH 
'SET DTR LOW 
'SET RTS LOW 


OUT &H3FC, 
(&HEF AND INP (&H3FC)) 
'set B4 low 


10 
LINE INPUT "DI data for ADC12038 
(see Mode Table on data sheet)"; DI& 


INPUT "ADC12038 output word length 
(8,9,12,13,16 or 17)"; DOL 


20 


'SET CS# HIGH 
OUT &H3FC, 
(&H2 OR INP (&H3FC)) 
OUT &H3FC, 
(&HFE AND INP (&H3FC)) 
OUT &H3FC, 
(&HFD AND INP (&H3FC)) 


'SET CS# LOW 
OUT &H3FC, 
(&H2 OR INP (&H3FC)) 
OUT &H3FC, 
(&Hl OR INP (&H3FC)) 


OUT &H3FC, 
(&HFD AND INP (&H3FC)) 


DO&="" 
OUT &H3FC, 
(&Hl OR INP (&H3FC)) 


OUT &H3FC, 
(&HFD AND INP (&H3FC)) 


FOR N=l TO 8 
Temp&=MID&(DI&,N,l) 
IF Temp&="O"THEN 


OUT &H3FC, (&Hl OR INP(&H3FC)) 


ELSE OUT &H3FC, 
(&HFE AND INP (&H3FC)) 


END IF 'out DI 
OUT &H3FC,(&H2 OR INP (&H3FC)) 
IF (INP (&H3FE) AND 16)=16 THEN 


DO&=DO&+"O" 
ELSE 
DO&=DO&+ "1" 
END IF 
OUT &H3FC, 
(&Hl OR INP (&H3FC)) 


OUT &H3FC, 
(&HFD AND INP (&H3FC)) 


NEXT N 
IF DOL> 8 THEN 
FOR N=9 TO DOL 
OUT &H3FC,(&Hl OR INP (&H3FC)) 
OUT &H3FC,(&HFD AND INP (&H3FC)) 
OUT &H3FC,(&H2 OR INP (&H3FC)) 


'set RTS HIGH 
'SET DTR LOW 
'SET RTS LOW 


'set RTS HIGH 
'SET DTR HIGH 
'SET RTS LOW 


'reset DO variable 
'SET DTR HIGH 
'SCLK low 


'Input DO 
'SET DTR HIGH 
'SCLK low 


'SET DTR HIGH 
'SCLK low 
'SCLK high 


IF (INP(&H3FE) AND &H16)=&H16 THEN 


DO&=DO$+"O" 
ELSE 
DO&=DO&+"1" 
END IF 
NEXT N 
END IF 
OUT &H3FC,(&HFA AND INP(&H3FC)) 
'SCLK low and DI high 


FOR N=l TO 500 
NEXT N 
PRINT DO$ 
INPUT "Enter "C" to convert else "RETURN" to alter DI data"; s& 
IF s&="C" OR s&="c· THEN 


GOTO 20 
ELSE 
GO TO 
10 
END IF 
END 


tJ1National 
Semiconductor 


ADC 12130/ ADC 12132/ ADC 12138 Self-Calibrating 
12-Bit 
Plus Sign Serial I/O A/D Converters with MUX and 
Sample/Hold 


General Description 
The ADC12130, ADC12132 and ADC12138 are 12-bit plus 
sign successive approximation AID converters with serial 
I/O and configurable input multiplexer. The ADC12132 and 
ADC12138 have a 2 and an 8 channel multiplexer, respec- 
tively. The differential multiplexer outputs and AID inputs 
are available on the MUXOUT1, MUXOUT2, AlDIN1 and 
AlDIN2 pins. The ADC12130 has a two channel multiplexer 
with the multiplexer outputs and AID inputs internally con- 
nected. The ADC12130 family is tested with a 5 MHz clock. 
On request, these AIDs go through a self calibration pro- 
cess that adjusts linearity, zero and full-scale errors to typi- 
cally less than ± 1 LSB each. 
The analog inputs can be configured to operate in various 
combinations of single-ended, differential, or pseudo-differ- 
ential modes. A fully differential unipolar analog input range 
(OVto +5V) can be accommodated with a single +5V sup- 
ply. In the differential modes. valid outputs are obtained 
even when the negative inputs are greater than the positive 
because of the 12-bit plus sign output data format. 
The serial I/O 
is configured to comply with the NSC 
MICROWIRETM.For complementary voltage references see 
the LM4040, LM4041 or LM9140. 


Applications 
• 
Pen-based computers 
• 
Digitizers 
• 
Global positioning systems 


Features 
• 
Serial I/O (MICROWIRE, SPI and aSPI Compatible) 


• 
2 or 8 channel differential or single-ended multiplexer 
• 
Analog input sample/hold function 
• 
Power down mode 
• 
Programmable acquisition time 
• 
Variable digital output word length and format 
• 
No zero or full scale adjustment required 
• 
OVto 5V analog input range with single 5V power 
supply 


Key Specifications 


• 
Resolution 
• 
12-bit plus sign conversion time 
• 
12-bit plus sign throughput time 
• 
Integral linearity error 
• 
Single supply 
• 
Power dissipation 
-3.3V 
- 
3.3V power down 
-5V 
- 
5V power down 


12-bit plus sign 


8.8 JLs (max) 


14 JLs (max) 


±2 LSB (max) 


3.3V or 5V ± 10% 


15 mW (max) 


40 JLW(typ) 


33 mW (max) 
100 JLW(typ) 


WUXOUTI 


A/DIN 1 


WUXOUT2 


A/OIH2 
V.tQ--+ 
'D'Q--+ 


~c0- 
N- 
28-Pln Dual-In-Llne, 
SSOP and 
Co) 


Wide Body SO Packages 
c- 
~C 
CHO 
28 
Vo+ 
0 


DOR 
- 
CH1 
2 
27 
N- 
CH2 
26 
CCLK 
Co) 
N 
CH3 
4 
25 
SCLK 
- 
~ 
CH4 
5 
24 
DI 
C 


CH5 
23 
DO 
0- 
cs 
N 
CH6 
22 
- 
ADC12138 
CONY 
Co) 
CH7 
21 
Q) 


COt.l 
20 
EOC 


t.lUXOUTl 
10 
19 
PD 


A/DINI 
11 
18 
AGND 


t.lUXOUT2 
12 
17 
VREr+ 


A/DIN2 
13 
16 
VREr - 


DGND 
14 
15 
VA+ 


TUH/12079-3 


Top View 


16-Pln Dual-In-Llne 
and 
Wide Body SO Packages 


CHO 
16 
Vo+ 


CH1 
2 
15 
CCLK 


COt.l 
3 
14 
SCLK 


DOR 
13 
DI 
AOC12130 
EOC 
12 
DO 


VREr- 
11 
cs 


VREr+ 
10 
CONY 


DGNO 
VA+ 


Top View 


20-Pln SSOP Package 


CHO 
20 
Vo+ 


CH1 
2 
19 
CCLK 


COt.l 
3 
18 
SCLK 


t.lUXOUT 1 
4 
17 
DI 


A/OINI 
ADC12132 
16 
DO 


t.lUXOUT2 
15 
cs 


A/0IN2 
14 
CONY 


VREF- 
13 
EOC 


VREF+ 
12 
OOR 


DGND 
10 
11 
VA+ 


TL/H/12079-47 
Top View 


Ordering Information 


Industrial 
Temperature 
Range 
NS Package 
-40"C ~ TA ~ +8SoC 
Number 


ADC12130CIN 
N16E. 


Dual-in-Line 


ADC12130CIWM 
M16B. 


Wide Body SO 


ADC12132CIMSA 
MSA20.SS0P 


ADC12138CIN 
N28B. 


DUlil-ln-Line 


ADC12138CIWM 
M28B 


ADC12138CIMSA 
MSA28.SS0P 


...•. 
Office/Distributors 
for 
availability 
and 
specifications 
• 
- - -_. -- _ .. ",. '-~'- ._-_ ......, 


•..•. 
ADC12132CIMSA, 
ADC12138CIMSA, 


N 
Positive 
Supply 
Voltage 
ADC12138CIN, 
ADC12138CIWM 
-40·C"; 
TA ,,; +8S·C 
C').•.. 
(V+ = VA+ = Vo+) 
6.SV 
SupplyVoltage(V+ 
= VA+ = Vo+) 
+ 3.0V to + S.SV 
N.•.. 
Voltage 
at Inputs 
and Outputs 
IVA+ 
- 
vo+1 
,,; 100mV 
0 
C 
except 
CHO-CH7 
and COM 
-0.3VtoV+ 
+0.3V 
VREF+ 
OVtoVA+ 
e:c 
Voltage 
at Analog 
Inputs 
VREF- 
OVtoVREF+ 
•..•. 
0 
CHO-CH7 
and COM 
GND -SVtoV+ 
+SV 


C') 


IVA+ 
- 
vo+1 
VREF(VREF+ 
-VREF-) 
1VtoVA+ 
.•.. 
300 mV 
N 
VREF Common 
Mode Voltage 
Range 
.•.. 
Input Current 
at Any Pin (Note 3) 
±30mA 
0 
(VREF+ 
+ VREF-) 
C 
Package 
Input Current 
(Note 3) 
±120 
mA 
0.1 VA + to 0.6 VA + 
e:c 
Package 
Dissipation 
at 
2 


TA = 2S·C (Note 4) 
SOOmW 
AlDIN1, 
AlDIN2, 
MUXOUT1 


ESD Susceptability 
(Note S) 
and MUXOUT2 
Voltage 
Range 
OVtoVA+ 


Human 
Body Model 
1S00V 
AID 
IN Common 
Mode Voltage 
Range 


Soldering 
Information 
(VIN+ 
+ VIN-) 
OVtoVA+ 
N Packages 
(10 seconds) 
260·C 
2 


SO Package 
(Note 
6): 
Vapor 
Phase (60 seconds) 
21S·C 


Infrared 
(1S seconds) 
220·C 


Storage 
Temperature 
- 6S·C to + 1S0·C 


Converter Electrical Characteristics 


The following 
specifications 
apply for (V+ 
= VA + = Vo + = 
+ SV, VREF+ 
= 
+ 4.096V, 
and fUlly differential 
input with fixed 
2.048V 
common-mode 
voltage) 
or (V+ 
= VA + = Vo+ 
= 3.3V, VREF+ 
= 2.SV and fully-differential 
input with fixed 
1.2S0V 
common-mode 
voltage), 
VREF- 
= OV, 12-bit 
+ 
sign 
conversion 
mode, 
source 
impedance 
for analog 
inputs, 
VREF- 
and 
VREF+ 
,,; 2S0, 
fCK = f8K = S MHz, and 10 (lcK) acquisition 
time unless otherwise 
specified. Boldfadellmlts apply for TA 
= TJ = TIlIN to 
TIIAX; all other 
limits TA = TJ = 2S·C. (Notes 
7, 8 and 9) 


limits 


(Note 
11) 


Units 


(Limits) 


Resolution 
12 
+ sign 
Bits (min) 


+ILE 
Positive 
Integral 
Linearity 
Error 
After Auto-Cal 
(Notes 
12, 18) 
±1/2 
±2 
LSB (max) 


-ILE 
Negative 
Integral 
Linearity 
Error 
After Auto-Cal 
(Notes 
12, 18) 
±1/2 
±2 
LSB (max) 


DNL 
Differential 
Non-Linearity 
After Auto-Cal 
±1.5 
LSB (max) 


Positive 
Full-Scale 
Error 
After Auto-Cal 
(Notes 
12, 18) 
±1/2 
±3.0 
LSB (max) 


Negative 
Full-Scale 
Error 
After Auto-Cal 
(Notes 
12, 18) 
±1/2 
±3.0 
LSB (max) 


Offset 
Error 
After Auto-Cal 
(Notes 
S, 18) 


±1/2 
±2 
LSB (max) 
VIN(+) 
= VIN (-) 
= 2.048V 


DC Common 
Mode Error 
After Auto-Cal 
(Note 1S) 
±2 
LSB (max) 


TUE 
Total Unadjusted 
Error 
After Auto-Cal 
±1 
LSB 
(Notes 
12, 13 and 14) 


Converter 
Electrical Characteristics 


The following 
specifications 
apply for (V+ 
= VA + = VD+ 
= 
+5V, 
VREF+ 
= 
+4.096V, 
and fully differential 
input with fixed 
2.048V 
common-mode 
voltage) 
or (V+ 
= VA + = VD + = 3.3V, VREF+ 
= 
+ 2.5V and fully-differential 
input with fixed 
1.250V 
common-mode 
voltage), 
VREF- 
= OV, 12-bit 
+ 
sign 
conversion 
mode, 
source 
impedance 
for analog 
inputs, 
VREF- 
and 


VREF+ 
,;; 250, 
fCK = fSK = 5 MHz, and 10 (lcK) acquisition 
time unless otherwise 
specified. 
Boldfadellmlts apply for T" 


= T•• = TMIN to TMAX; all other 
limits TA = TJ = 25'C. 
(Notes 
7, 8 and 9) (Continued) 


Units 


(Limits) 


MUltiplexer 
Channel 
to Channel 
±0.05 
LSB 
Matching 


Power Supply Sensitivity 
V+ = +5V 
±10% 


VREF = + 4.096V 
Offset 
Error 
±0.5 
LSB 


+ Full-Scale 
Error 
±0.5 
LSB 


- 
Full-Scale 
Error 
±0.5 
LSB 


+ Integral 
Linearity 
Error 
±0.5 
LSB 


- 
Integral 
Linearity 
Error 
±0.5 
LSB 


S/(N+D) 
Signal-to-Noise 
Plus 
fiN = 1 kHz, VIN = 5 Vpp, VREF+ = 5.0V 
69.4 
dB 
Distortion 
Ratio 
fiN = 20 kHz, VIN = 5 Vpp, VREF+ = 5.0V 
68.3 
dB 


fiN = 40 kHz, VIN = 5 Vpp, VREF+ = 5.0V 
65.7 
dB 


-3 
dB Full Power Bandwidth 
VIN = 5 Vpp, where S/(N + D) drops 3 dB 
31 
kHz 


S/(N+D) 
Signal-to-Noise 
Plus 
fiN = 1 kHz, VIN = ±5V, 
VREF+ = 5.0V 
77.0 
dB 
Distortion 
Ratio 
fiN = 20 kHz, VIN = 
±5V, 
VREF+ = 5.0V 
73.9 
dB 


fiN = 40 kHz, VIN = 
± 5V, VREF+ = 5.0V 
67.0 
dB 


- 3 dB Full Power Bandwidth 
VIN = 
± 5V, where S/(N + D) drops 3 dB 
40 
kHz 


Electrical Characteristics 
. 


The following 
specifications 
apply for (V+ 
= VA + = Vo+ 
= 
+5V, 
VREF+ 
= 
+4.096V, 
and fully differential 
input with fixed 
2.048V 
common-mode 
voltage) 
or (V+ = VA + = Vo+ 
= 
+3.3V, 
VREF+ 
= 2.5V and fully-differential 
input with fixed 
1.250V 
common-mode 
voltage), 
VREF- 
= 
OV, 12-bit 
+ 
sign 
conversion 
mode, 
source 
impedance 
for analog 
inputs, 
VREF- 
and 
VREF+ 
~ 250, 
fCK = fSK = 5 MHz, and 10 (lcK) acquisition 
time unless otherwise 
specified. 
Boldfadellmlt. 
apply for TA 


= TJ = TMIN to TMAX; 
all other 
limits TA = TJ = 25'C. 
(Notes 
7, 8 and 9) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Umlts) 


REFERENCE 
INPUT, ANALOG 
INPUTS 
AND MULTIPLEXER 
CHARACTERISTICS 


CREF 
Reference 
Input Capacitance 
85 
pF 


CA/O 
A/DIN1 
and A/DIN2 
Analog 
Input 
. 


Capacitance 
75 
pF 


A/DIN1 
and A/DIN2 
Analog 
Input 
VIN = + 5.0V or 
±0.1 
JLA 
Leakage 
Current 
VIN = OV 


- 
CHO-CH7 
and COM Input Voltage 
GND- 0.05 
V 
VA+ 
+ 0.05 


CCH 
CHO-CH7 
and COM Input Capacitance 
10 
pF 


CMUXOUT 
MUX Output Capacitance 
20 
; 
pF 


Off Channel 
Leakage 
(Note 16) 
On Channel = 5V and 
-0.01 
JLA 
CHO-CH7 
and COM Pins 
Off Channel 
= OV 


On Channel 
= OV and 
0.01 
JLA 
Off Channel 
= 5V 
.. ; c 


On Channel 
Leakage 
(Note 16) 
On Channel 
= 5V and 
0.01 
JLA 
CHO-CH7 
and COM Pins 
Off Channel 
= OV 
.... 


On Channel = OV and 
-0.01 
JLA 
Off Channel 
= 5V 


MUXOUT1 
and MUXOUT2 
VMUXOUT = 5.0Vor 
0.01 
JLA 
Leakage 
Current 
VMUXOUT = OV 


RON 
MUX On Resistance 
VIN = 2.5V and 


VMUXOUT = 2.4V 
850 
1800 
o (max) 


RON Matching 
Channel 
to Channel 
VIN = 2.5V and 
5 
% 


VMUXOUT = 2.4V 


Channel 
to Channel 
Crosstalk 
VIN = 5 Vpp, fiN = 40 kHz 
-72 
dB 


MUX Bandwidth 
90 
kHz 


DC and Logic Electrical Characteristics 


The following 
specifications 
apply for (V+ 
= 
VA + 
= 
Vo+ 
= 
+SV, 
VREF+ 
= 
+4.096V, 
and fully-differential 
input with fixed 


2.048V 
common-mode 
voltage) 
or (V+ 
= 
VA + 
= 
Vo + 
= 
+ 3.3V, 
VREF+ 
= 
+ 2.SV and fully-differential 
input 
with 
fixed 


1.2S0V 
common-mode 
voltage), 
VREF- 
= 
OV, 12-bit 
+ 
sign conversion 
mode, 
source 
impedance 
for analog 
inputs, 
VREF- 
and VREF+ 
,;:;2S0, fCK = fSK = S MHz, and 10 (lcK) acquisition 
time unless otherwise 
specified. 
Boldfadellmlts 
apply 
for 


TA = TJ = TIlIN to TIIAX; all other 
limits TA = 
TJ = 
2S·C. (Notes 
7, 8 and 9) 


V+=VA+= 
V+ 
=VA+ 
= 


Symbol 
Parameter 
Conditions 
Typical 
Vo+ 
= 3.3V 
Vo+ 
= 5V 
Units 


(Note 
10) 
Limits 
Limits 
(Limits) 


(Note 
11) 
(Note 
11) 


CCLK, 
CS, CONY, 
01, PO AND SCLK 
INPUT CHARACTERISTICS 


VIN(l) 
Logical 
"1" 
Input 
VA+ 
= Vo+ 
= V+ 
+10% 
2.0 
2.0 
V (min) 
Voltage 


VIN(Ol 
Logical 
"0" 
Input 
VA+ 
= Vo+ 
= V+ 
-10% 
0.8 
0.8 
V (max) 
Voltage 


IIN(l) 
Logical 
"1" 
Input 
VIN = V+ 
O.OOS 
1.0 
1.0 
IJ-A(max) 
Current 
, 


IIN(Ol 
Logical 
"0" 
Input 
VIN = OV 
-O.OOS 
-1.0 
-1.0 
IJ-A(min) 
Current 


DO, EOC AND DOR DIGITAL 
OUTPUT 
CHARACTERISTICS 


VOUT(l) 
Logical 
"1" 
VA+ 
= Vo+ 
= V+ 
- 
10%, 
2.4 
2.4 
V (min) 
Output Voltage 
lOUT = 
-360 
IJ-A 


VA+ 
= Vo+ 
= V+ 
- 
10%, 
2.9 
4.25 
V (min) 


lOUT = 
-10 
IJ-A 


VOUT(O) 
Logical 
"0" 
VA+ 
= Vo+ 
= V+ 
- 
10% 
0.4 
0.4 
V (max) 
Output Voltage 
lOUT = 
1.6mA 


lOUT 
TRI-STATE 
VOUT = OV 
-0.1 
-3.0 
-3.0 
IJ-A(max) 
Output 
Current 
VOUT = V+ 
-0.1 
3.0 
3.0 


+ISC 
Output 
Short 
VOUT = OV 
-14 


Circuit Source 
mA 
Current 


-Isc 
Output Short 
VOUT = Vo+ 
. 
16 


Circuit Sink 
mA 
Current 


POWER 
SUPPLY 
CHARACTERISTICS 


10+ 
Digital Supply 
1.5 
2.5 
mA(max) 
Current 
CS = 
HIGH, Powered 
Down, CCLK on 
600 
IJ-A 
CS = 
HIGH, Powered 
Down, CCLK off 
20 
IJ-A 


IA+ 
Positive 
Analog 
3.0 
4.0 
mA(max) 
Supply Current 
CS = 
HIGH, Powered 
Down, CCLK on 
10 
IJ-A 


CS = 
HIGH, Powered 
Down, CCLK off 
0.1 
IJ-A 


IREF 
Reference 
Input 


Current 
CS = 
HIGH, Powered 
Down, CCLK on 
70 
IJ-A 
CS = 
HIGH, Powered 
Down, CCLK off 
0.1 
IJ-A 
• 


AC Electrical Characteristics 


The following 
specifications 
apply for (V+ 
= VA + = Vo+ 
= +5V, 
VREF+ 
= +4.096V, 
and fully-differential 
input with fixed 
2.048V 
common-mode 
voltage) 
or (V+ 
= VA+ 
= Vo+ 
= 
+3.3V, 
VREF+ 
= 
+2.5V 
and fully-differential 
input 
with 
fixed 
1.250V 
common-mode 
voltage), 
VREF- 
= OV, 12-bit 
+ 
sign conversion 
mode, 
source 
impedance 
for analog 
inputs, 
VREF- 
and VREF+ 
;;: 250, 
fCK = fSK = 5 MHz, and 10 (leK> acquisition 
time unless otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = T" = TMIN to TMU; 
all other 
limits TA = TJ = 25'C. 
(Note 
17) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Umlts) 


fCK 
Conversion 
Clock 
10 
5 
MHz (max) 


(CCLK) Frequency 
1 
MHz (min) 


fSK 
Serial Data Clock 
10 
5 
MHz (max) 


SCLK Frequency 
. 
0 
Hz (min) 


Conversion 
Clock 
40 
% (min) 


Duty Cycle 
, 
60 
% (max) 


Serial Data Clock 
40 
% (min) 


Duty Cycle 
60 
% (max) 


le 
Conversion 
Time 
12-Bit 
+ Sign or 12-Bit 
44(leK) 
44<teK) 
(max) 


8.8 
/Ls (max) 


tA 
Acquisition 
Time 
6 Cycles 
Programmed 
6(tCK) 
6<teK) 
(min) 


(Note 19) 
7 <teK) 
(max) 


1.2 
/Ls (min) 


1.4 
/Ls (max) 


10 Cycles Programmed 
10(leK) 
10<teK) 
(min) 


11(teK) 
(max) 


2.0 
/Ls (min) 


2.2 
/Ls(max) 


18 Cycles Programmed 
18(leK> 
18<teK) 
(min) 


19(teK) 
(max) 


3.6 
/Ls (min) 


3.8 
/Ls (max) 


34 Cycles Programmed 
34(leK> 
34<teK) 
(min) 


35<teK) 
(max) 


6.8 
/Ls (min) 


7.0 
/Ls (max) 


leAL 
Self-Calibration 
Time 
4944(leK) 
4944<teK) 
(max) 


I 
988.8 
/Ls (max) 


tAZ 
Auto-Zero 
Time 


, 


76(leK) 
76<teK) 
(max) 


~.. 
15.2 
/Ls (max) 


tSYNC 
Self-Calibration 
or 
2(leK) 
2<teK) 
(min) 


Auto-Zero 
Synchronization 
3<teK) 
(max) 


Time from DOR 
0.40 
/Ls (min) 


.. 
0.60 
/Ls (max) 


INm 
DOR High Time when CS is Low 
9(tsK> 
9<tsK) 
(max) 


Continuously 
for Read Data and Software 
1.8 
/Ls (max) 
Power Up/Down 


~ 
CONV Valid Data Time 
8(tSK) 
8<tSK) 
(max) 


1.6 
/Ls (max) 


AC Electrical Characteristics 


The following 
specifications 
apply for (V+ 
= VA + = Vo+ 
= 
+5V, 
VREF+ 
= 
+4.096V, 
and fully-differential 
input with fixed 
2.048V 
common-mode 
voltage) 
or (V+ 
= VA+ 
= Vo+ 
= 
+3.3V, 
VREF+ 
= 
+2.5V 
and fully-differential 
input 
with 
fixed 
1.250V 
common-mode 
voltage), 
VREF- 
= OV, 12-bit 
+ 
sign conversion 
mode, 
source 
impedance 
for analog 
inputs, 
VREF- 
and VREF+ 
,;: 250, 
fCK = fSK = 5 MHz, and 10 (lcK) acquisition 
time unless otherwise 
specified. 
Boldface 
limits 
apply for 
T A = T•• = TMIN to TMAX; all other 
limits TA = TJ = 25'C. 
(Note 
17) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Limits) 


tHPU 
Hardware 
Power-Up 
Time, Time from 
500 
700 
IJos(max) 
PO Falling Edge to EOC Rising Edge 


tspu 
Software 
Power-Up 
Time, Time from 


Serial Data Clock Falling Edge to 
500 
700 
IJos(max) 


EOC Rising Edge 


tACC 
Access 
Time Delay from 
25 
60 
ns (max) 
CS Falling Edge to DO Data Valid 


Set-Up Time of CS Falling Edge to 
- 


tSET-UP 
50 
ns(min) 
Serial Data Clock Rising Edge 
~ 


tOELAY 
Delay from SCLK Falling 
I 


Edge to CS Falling Edge 
0 
5 
ns(min) 


t1H, toH 
Delay from CS Rising Edge to 
RL = 3k, CL = 100 pF 
70 
100 
ns(max) 
DO TRI-ST ATE~ 


tHOI 
01 Hold Time from Serial Data 
5 
15 
ns(min) 
Clock Rising Edge 


tSOI 
01 Set-Up 
Time from Serial Data 
5 
10 
ns(min) 
Clock 
Rising Edge 


tHDO 
DO Hold Time from Serial Data 
RL = 3k, CL = 100 pF 
35 
65 
ns(max) 


Clock 
Falling Edge 
5 
ns(min) 


tooo 
Delay from Serial Data Clock 
50 
90 
ns(max) 
Falling Edge to DO Data Valid 


tRDO 
DO Rise Time, TRI-STATE 
to High 
RL = 3k,CL 
= 100pF 
10 
40 
ns(max) 


DO Rise Time, Low to High 
10 
40 
ns(max) 


tFDO 
DO Fall Time, TRI-STATE 
to Low 
RL = 3k,CL 
= 100pF 
15 
40 
ns(max) 


DO Fall Time, High to Low 
15 
40 
ns(max) 


Ico 
Delay from CS Falling Edge 
45 
80 
ns (max) 
to DOR Falling Edge 


tso 
Delay from Serial Data Clock Falling 
45 
80 
ns (max) 
Edge to DOR Rising Edge 


CIN 
Capacitance 
of Logic Inputs 


, 


10 
pF 
. 


COUT 
Capacitance 
of Logic Outputs 
20 
pF 


AC Electrical Characteristics 
(Continued) 


Note 
1: Absolute 
Maximum Ratings indiC8telimits 
beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade 
when the device 
is not operated 
under the listed test 
conditions. 


Note 2: All voltages 
are measured with respect to GND, unless otherwise 
specified. 


Note 3: When the inputvoltag9 
(VIN) at any pin exceeds the powersuppties 
(VIN < GND or VIN > VA + or Vo+), 
the currentst 
that pin should be limited to 30 mA. 
The 120 mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 30 mA to four. 


Note 4: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJmax, (JJAand the ambient temperature, 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is Po = {TJmax - 
TA)/(JJA 
or the number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. For this 
device, TJmax = 15crC. The typical thermal resistance 
(0JAJ of these parts when board mounted follow: 


Thermal 


Part Number 
Resistance 


°JA 


ADC12130CIN 
53·C/W 


ADC12130CIWM 
70·C/W 


ADC12132CIMSA 
134·C/W 


ADC1213BCIN 
40·C/W 


ADC1213BCIWM 
50·C/W 


ADC1213BCIMSA 
12S·C/W 


Note 5: The human body model is a 100 pF capacitor 
discharged 
through a 1.5 kO resistor into each pin. 


Note 6: See AN450 "Surtace 
Mounting 
Methods and Their Effect on Product Reliability" 
or the section titled "Surtace 
Mount" 
found in any post 1986 National 
Semiconductor 
Linear Data Book for other methods of soldering surface mount devices. 


Note 7: Two on-chip diodes are tied to each analog input through a series resistor as shown below. Input voltage magnitude up to 5V above V" + or 5V below GND 
will not damage 
this device. 
However, 
errors in the AID conversion 
can occur (if these diodes are forward 
biased by more than 50 mV) if the input voltage 
magnitude 
of selected or unselected 
analog input go above VA + or below GND by more than 50 mY. As an example, if VA + is 4.5 Voc, full·scale 
input vottage 
must be S:4.55 Voc to ensure accurate conversions. 
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Note 8: To guarantee accuracy, it is required that the VA + and Vo+ 
be connected 
together to the same power supply with separate bypass capacitors 
at each V+ 
pin. 


Nole 
9: Wilh the test condition 
for VAEF (VAEF+ 
- 
VAEF-) 
given as +4.096V, 
the 12-bit LSB is 1.0 mY. For VAEF - 
2.5V, the 12-M LSB is 610 "V. 


Note 
10: Typicals are at TJ = TA = 25°C and represent 
most likely parametric 
norm. 


Note 
11: Tested limits are guaranteed 
to National's 
AOOL (Average Outgoing Quality Level). 


Note 
12: Positive integral linearity error is defined as the deviation of the analog value, expressed 
in LSBs, from the straight line that passes through positive full- 
scale and zero. For negative integral linearity error, the straight line passes through negative full-scale 
and zero (see Figures tb and te). 


Note 
13: Zero error is a measure of the deviation from the mid·scale voltage (a code of zero), expressed 
in LSB. It is the average value of the code transitions 
between 
-1 
to 0 and 0 to + 1 (see Figure 2). 


Note 
14: Total unadjusted 
error includes offset, full-scale, 
linearity and multiplexer 
errors. 


Note 
15: The DC common·mode 
error is measured in the differential 
multiplexer 
mode with the assigned positive and negative input channels 
shorted together. 


Note 
16: Channel leakage current is measured after the channel selection. 


Note 
17: Timing specifications 
are tested at the TTL logic levels, VOL = OAV for a falling edge and VOL = 2AV for a rising edge. TRI·STATE 
output voltage 
is 
forced to 1.4V. 


Note 
18: The ADC12130 
family's 
self·calibration 
technique 
ensures linearity and offset errors as specified, 
but noise inherent 
in the self-calibration 
process 
will 
result in a maximum repeatability 
uncertainty 
of 0.2 LSB. 


Note 
19: If SCLK and CCLK are driven from the same clock source, then tA is 6,10,18 
or 34 clock periods minimum and maximum. 


Note 20: The "12·8it 
Conversion of Offset" 
and "12-Bit Conversion of Full·Scale" 
modes are intended to test the functionality 
of the device. Therefore. 
the output 
data from these modes are not an indication 
of the accuracy of a conversion 
result. 
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Typical Performance Characteristics 
The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. 
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Typical Performance Characteristics 
The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. (Continued) 


Analog Supply Current 
Digital Supply Current 
Digital Supply Current 
vs Temperature 
vs Clock Frequency 
vs Temperature 
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Linearity Error Change 
Full-Scale Error Change 
Full-Scale Error Change 
vs Temperature 
vs Temperature 
vs Supply Voltage 
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Typical Dynamic Performance Characteristics 
The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. 


Bipolar Spectral Response 
with 1 kHz Sine Wave Input 
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Bipolar Spectral Response 
with 30 kHz Sine Wave Input 
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Bipolar Spectral Response 
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Bipolar Spectral Response 
with 50 kHz Sine Wave Input 
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Typical Dynamic Performance Characteristics 
The following curves apply for 12-bit + sign mode after auto-calibration unless otherwise specified. (Continued) 
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DO "TAl-STATE" 
(t1H. toH) 


TEST 
POINT 


"00"'" 
00~ 
'" 


DO except "TAl-STATE" 


5.0V 


TEST 
POINT 


t.4t.407000 


or Equivolent 


CH 1(orF) 


CH2(OrF) 
.. 


C~7(OrF) 


DO "TRI-STATE" 
Failing and Rising Edge 


~oo 


SCLK 


tSET-UP 


Cs 


IACC 


00 


leD 


OOR 


[OC 


DO Data Output 
Timing 
Using CS 


2 


DO Data Output 
Timing 
with CS Continuously 
Low 


o 
1 
2 
3 
4 


OOR I 
..... 
r 
\~-\--r 


DO 
OBI 
DB2 
~ 
DBO 


DOR J 
Ir---J 


II 


EOC 


CCLK 


SCLK 


Cs 


CONY 


01 


DO 
DBO 
OBI 
DB2 


DOR 


EOC 


P9 


I~ 
------------------1\ 
II 


II 


c 
ce" 
C'I 
('I).•.. 
C'I 
CCLK 
.•.. 
0 
Qce 
SCLK 
.•.... 
0 
('I).•.. 
CS 
C'I.•.. 
0 
Q 
CON V 
ce 


01 


DO 


DOR 


[OC 
I~\-----,I 
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II-i 
r- 
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ADC12138 Software Power Up/Down with CS Continuously 
Low and 16-Blt Digital Output Format 
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Power 
Up 
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ADC12138 
Hardware 
Power 
Up/Down 
E"'''~;" 
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Note: 
Hardware 
power 
up/down 
may occur at any time. 
If PO is high while a conversion 
is in progress 
that conversion 
will be corrupted 
and erroneous 
data will be 
stored in the output shift register. 


Cycle 
N 
Cycle 
N+ 1 
I 


01 Program 
Read Status 
---- 
•. ·-------01 
Start 
a Conversion 
DO Data 
from 
Cyclo 
N-l 
DO Status 
Data 
12-bit 
Conversion 


SCLK 


CS 


CONY 


01 
013 
014 
DIS 
D" 
DI7 


I 
I 


DO 


N-l 
Data 


OOR 


EOC 


DIG 
Ofl 
012 
013 
014 
015 
016 
017 
I I I I I I I 


Pin Descriptions 
CCLK 
The clock applied to this input controls the suces- 
sive approximation conversion time interval and 
the acquisition time. The rise and fall times of the 
clock edges should not exceed 1 p.s. 


SCLK 
This is the serial data clock input. The clock ap- 
plied to this input controls the rate at which the 
serial data exchange occurs. The rising edge 
loads the information on the DI pin into the multi- 
plexer address and mode select shift register. 
This address controls which channel of the ana- 
log input multiplexer (MUX) is selected and the 
mode of operation for the AID. With ~ 
low, the 


falling edge of SCLK shifts the data resulting from 
the previous ADC conversion out on DO, with the 
exception of the first bit of data. When ~ 
is low 


continuously, the first bit of the data is clocked 
out on the rising edge of EOC (end of conver- 
sion). When ~ 
is toggled, the falling edge of ~ 


always clocks out the first bit of data. ~ 
should 


be brought low when SCLK is low. The rise and 
fall times of the clock edges should not exceed 
1 p.s. 


DI 
This is the serial data input pin. The data applied 
to this pin is shifted by the rising edge of SCLK 
into the multiplexer address and mode select reg- 
ister. Tables II through IV show the assignment of 
the multiplexer address and the mode select 
data. 


00 
The data output pin. This pin is an active push/ 
pull output when ~ 
is low. When ~ 
is high, this 


output is TRI-STATE. The AID conversion result 
(D80-D812) 
and 
converter 
status 
data 
are 


clocked out by the falling edge of SCLK on this 
pin. The word length and format of this result can 
vary (see Table I). The word length and format 
are controlled by the data shifted into the multi· 
plexer address and mode select register (see Ta- 
ble IV). 


EOC 
This pin is an active push/pull output and indi- 
cates the status of the ADC12130/2/8. 
When 


low, it signals that the AID is busy with a conver- 
sion, auto-calibration, auto-zero or power down 
cycle. The rising edge of EOC signals the end of 
one of these cycles. 


~ 
This is the chip select pin. When a logic low is 
applied to this pin, the rising edge of SCLK shifts 
the data on Dl into the address register. This low 
also brings DO out of TRI-STATE. With ~ 
low, 
the falling edge of SCLK shifts the data resulting 
from the previous ADC conversion out on DO, 
with the exception of the first bit of data. When 
~ 
is low continuously, the first bit of the data is 


clocked out on the rising edge of EOC (end of 
conversion). When ~ 
is toggled, the falling edge 


of ~ 
always clocks out the first bit of data. ~ 


should be brought low when SCLK is low. The 
falling edge of ~ 
resets a conversion in progress 


and starts the sequence for a new conversion. 
When ~ 
is brought back low during a conver- 
sion, that conversion is prematurely terminated. 
The date in the output latches may be corrupted. 
Therefore, when ~ 
is brought back low during a 


conversion in progress the data output at that 


time should be ignored. ~ 
may also be left 


continuously low. In this case it is imperative 
that the correct number of SCLK pulses be ap· 
plied to the ADC in order to remain synchro- 
nous. After the ADC supply power is applied it 
expects to see 13 clock pulses for each I/O 
sequence. The number of clock pulses the ADC 
expects is the same as the digital output word 
length. This word length can be modified by the 
data shifted in on the DO pin. Table IV details 
the data required. 


DOR 
This is the data output ready pin. This pin is an 
active push/pull output. It is low when the con- 
version result is being shifted out and goes high 
to signal that all the data has been shifted out. 


CONV 
A logic low is required on this pin to program 
any mode or change the ADC's configuration as 
listed in the Mode Programming Table (Table 
IV) such as 12-bit conversion, Auto Cal, Auto 
Zero etc. When this pin is high the ADC is 
placed in the read data only mode. While in the 
read data only mode, bringing ~ 
low and puls- 


ing SCLK will only clock out on DO any data 
stored in the ADCs output shift register. The 
data on DI will be neglected. A new conversion 
will not be started and the ADC will remain in 
the mode and/or configuration previously pro- 
grammed. Read data only cannot be performed 
while a conversion, Auto-Calor 
Auto-Zero are 


in progress. 


PD 
This is the power down pin. When PD is high 
the AID is powered down; when PD is low the 
AID is powered up. The AID takes a maximum 
of 700 p's to power up after the command is 
given. 


CHO-CH7 These are the analog inputs of the MUX. A 


channel input is selected by the address infor- 
mation at the DI pin, which is loaded on the 
rising edge of SCLK into the address register 
(see Tables II and III). 


The voltage applied to these inputs should not 
exceed VA+ or go below GND. Exceeding this 
range on an unselected channel will corrupt the 
reading of a selected channel. 


COM 
This pin is another analog input pin. It is used as 
a pseudo ground when the analog multiplexer is 
single-ended. 


MUXOUT1,These are the multiplexer output pins. 
MUXOUT2 
AlDIN1, 
These are the converter input pins. MUXOUT1 


AlDlN2 
is usually tied to AlDIN1. MUXOUT2 is usually 
tied to AlDIN2. If external circuitry is placed be- 
tween MUXOUT1 and AlDIN1, or MUXOUT2 
and AlDIN2 
it may be necessary to protect 


these pins. The voltage at these pins should not 
exceed VA+ or go below AGND (see Figure 3). 


VREF+ 
This is the positive analog voltage reference in· 
put. In order to maintain accuracy, the voltage 
range of VREF(VREF = VREF+ - 
VREF-) is 


1 Voc to 5.0 Voc and the voltage at VREF+ 
cannot exceed VA+. See Figure 
4 for recom- 


mended bypassing. 


II 


Pin Descriptions 
(Continued) 
VREF- 
The negative voltage reference input. In order 
to maintain accuracy, the voltage at this pin 
must not go below GND or exceed VA+. (See 
Figure 4). 


VA+•Vo + These are the analog and digital power supply 
pins. VA+ and Vo + are not connected together 
on the chip. These pins should be tied to the 
same power supply and bypassed separately 
(see Figure 4). The operating voltage range of 
VA+ andVo+ is 3.0 Voc to 5.5 Voc. 


This is the digital ground pin (see Figure 4 ). 
This is the analog ground pin (see Figure 4 ). 


DGND 
AGND 


From 
external 
circuitry 
250n 


IN914 


TL/H/12079-30 
FIGURE 
3. Protecting 
the MUXOUT1, 
MUXOUT2, 


A/DIN1 
and A/DIN2 
Analog 
Pins 
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v+ 
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ADC 
- 
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(-) 
INPUT 
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VREF- 


Analog 
Input 
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Input 
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Ground 
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Tables 


TABLE 
I. Data Out Formata 


DO Formats 
DBO 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 
DB8 
DB9 
DB10 
DB11 
DB12 
DB13 
DB14 
DB15 
DB16 


17 
X 
X 
X 
X 
Sign MSB 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
LSB 
MSB Bits 
First 
13 
Sign 
MSB 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
LSB 


with 
Bits 
Sign 
17 
Bits 
LSB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MSB 
Sign 
X 
X 
X 
X 
LSB 
First 
13 
Bits 
LSB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MSB 
Sign 


16 
0 
0 
0 
0 
MSB 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
LSB 
MSB Bits 


First 
12 
MSB 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
LSB 


without 
Bits 


Sign 
16 
Bits 
LSB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MSB 
0 
0 
0 
0 
LSB 
First 
12 
Bits 
LSB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MSB 


x = High or Low state. 


TABLE 
II. ADC12138 
Multiplexer 
Addressing 


Analog 
Channel 
Addressed 
AID 
Input 
Multiplexer 


MUX 
and Assignment 
Polarity 
Output 


Address 
with AlDIN1 tied to MUXOUT1 
Channel 
Mode 


and A/DIN2 tied to MUXOUT2 
Assignment 
Assignment 


010 
011 
012 
013 
CHO 
CH1 
CH2 
CH3 
CH4 
CH5 
CH6 
CH7 
COM 
AlDIN1 
AlDIN2 
MUXOUT1 
MUXOUT2 


L 
L 
L 
L 
+ 
- 
+ 
- 
CHO 
CH1 


L 
L 
L 
H 
+ 
- 
+ 
- 
CH2 
CH3 


L 
L 
H 
L 
+ 
- 
+ 
- 
CH4 
CH5 
L 
L 
H 
H 
+ 
- 
+ 
- 
CH6 
CH7 
L 
H 
L 
L 
- 
+ 
- 
+ 
CHO 
CH1 
Differential 


L 
H 
L 
H 
- 
+ 
- 
+ 
CH2 
CH3 
L 
H 
H 
L 
- 
+ 
- 
+ 
CH4 
CH5 
L 
H 
H 
H 
- 
+ 
- 
+ 
CH6 
CH7 


H 
L 
L 
L 
+ 
- 
+ 
- 
CHO 
COM 


H 
L 
L 
H 
+ 
- 
+ 
- 
CH2 
COM 


H 
L 
H 
L 
+ 
- 
+ 
- 
CH4 
COM 


H 
L 
H 
H 
+ 
- 
+ 
- 
CH6 
COM 


H 
H 
L 
L 
+ 
+ 
- 
CH1 
COM 
Single-Ended 
-. 


H 
H 
L 
H 
+ 
- 
+ 
- 
CH3 
COM 


H 
H 
H 
L 
+ 
- 
+ 
- 
CH5 
COM 


H 
H 
H 
H 
+ 
- 
+ 
- 
CH7 
COM 
• 


Tables 
(Continued) 


TABLE 
III. AOC12130 
and AOC12132 
Multiplexer 
Addressing 


Analog 
Channel 
Addressed 
AID 
Input 
Multiplexer 


MUX 
and Assignment 
Polarity 
Output 


Address 
with AlDINl 
tied to MUXOUTl 
Assignment 
Channel 
Mode 
and AlDIN2 
tied to MUXOUT2 
Assignment 


DID 
011 
CHO 
CHl 
COM 
AlOINl 
A/01N2 
MUXOUT1 
MUXOUT2 


L 
L 
+ 
- 
+ 
- 
CHO 
CHl 
Differential 
L 
H 
- 
+ 
" 
- 
+ 
CHO 
CHl 


H 
L 
+ 
- 
+ 
- 
CHO 
COM 
Single-Ended 
H 
H 
+ 
- 
+ 
- 
CHl 
COM 


Note: ADC12130·do 
not have A/DIN1. 
AlDIN2, 
MUXOUTl 
and MUXOUT2 pins. 


TABLE 
IV. Mode 
Programming 


AOC12138 
DID 
011 
012 
013 
014 
015 
016 
017 


Mode 
Selected 
DO Format 
AOC12130 
(next 
Conversion 
and 
DID 
011 
012 
013 
014 
015 
(Current) 
Cycle) 
AOC12132 


See Tables 
II or III 
L 
L 
L 
L 
12 Bit Conversion 
12 or 13 Bit MSB First 


See Tables 
II or III 
L 
L 
L 
H 
12 Bit Conversion 
16 or 17 Bit MSB First 


See Tables 
II or III 
L 
H 
L 
L 
12 Bit Conversion 
12 or 13 Bit LSB First 


See Tables 
II or III 
L 
H 
L 
H 
12 Bit Conversion 
16 or 17 Bit LSB First 


L 
L 
L 
L 
H 
L 
L 
L 
AutoCal 
No Change 


L 
L 
L 
L 
H 
L 
L 
H 
Auto Zero 
No Change 


L 
L 
L 
L 
H 
L 
H 
L 
Power Up 
No Change 


L 
L 
L 
L 
H 
L 
H 
H 
Power Down 
No Change 


L 
L 
L 
L 
H 
H 
L 
L 
Read Status 
Register 
(LSB First) 
No Change 


L 
L 
L 
L 
H 
H 
L 
H 
Data Out without 
Sign 
No Change 


H 
L 
L 
L 
H 
H 
L 
H 
Data Out with Sign 
No Change 


L 
L 
L 
L 
H 
H 
H 
L 
Acquisition 
Time--6 
CCLK Cycles 
No Change 


L 
H 
L 
L 
H 
H 
H 
L 
Acquisition 
Time-l 
0 CCLK Cycles 
No Change 


H 
L 
L 
L 
H 
H 
H 
L 
Acquisition 
Time-18 
CCLK Cycles 
No Change 


H 
H 
L 
L 
H 
H 
H 
L 
Acquisition 
Time-34 
CCLK Cycles 
No Change 


L 
L 
L 
L 
H 
H 
H 
H 
User Mode 
No Change 


H 
X 
X 
X 
H 
H 
H 
H 
Test Mode 
No Change 
(CH1-CH7 
become 
Active Outputs) 


Note: The AID 
powers up with no Auto Cal, no Auto Zero, 10 CCLK acquisition time, 12·bit + sign conversion. 
power up, 12- or 13-bit MSB First, and user mode. 


X = Don't Care 


TABLE 
V. Conversion/Read 
Data Only 
Mode 
Programming 


CS 
CON V 
PO 
Mode 


L 
L 
L 
See Table 
IV for Mode 


L 
H 
L 
Read Only (Previous 
DO Format). 
No Conversion. 


H 
X 
L 
Idle 


X 
X 
H 
Power Down 


x = Don't Care 


Status 
Bit 


Location 


StatUB Bit 


"High" 
indicates a 
Power Up 
Function 
Sequence is 
in progress 


"High" 
indicates a 
Power Down 
Sequence is 
in progress 


"High" 
indicates an 
Auto-Cal 
Sequence is 
in progress 


Application 
Hints 


1.0 DIGITAL 
INTERFACE 


1.1 Interface 
Concepts 


The 
example 
in 
Figure 
5 
shows 
a typical 
sequence 
of 
events 
after the power 
is applied 
to the ADC12130/2/B: 


Tl/H/12079-32 
FIGURE 5. Typical 
Power 
Supply 
Power 
Up Sequence 


The first instruction 
input to the AID 
via 01 initiates 
Auto Cal. 


The data 
output 
on DO at that time 
is meaningless 
and is 


completely 
random. 
To determine 
whether 
the Auto Cal has 
been 
completed, 
a read status 
instruction 
is issued 
to the 


A/D. 
Again 
the data output 
at that time has no significance 


since the Auto Cal procedure 
modifies 
the data in the output 


shift register. 
To retrieve 
the status 
information, 
an addition- 


al read status 
instruction 
is issued 
to the AID. 
At this time 


the status 
data 
is available 
on DO. If the Cal signal 
in the 


status 
word, 
is low Auto 
Cal has been 
completed. 
There- 


fore, the next instruction 
issued can start a conversion. 
The 


data output 
at this time is again status 
information. 
To keep 


noise from corrupting 
the A/D 
conversion, 
status can not be 


read during a conversion. 
If CS is strobed 
and is brought 
low 


during 
a conversion, 
that conversion 
is prematurely 
ended. 


EOC can be used to determine 
the end of a conversion 
or 


the 
AID 
controller 
can 
keep 
track 
in software 
of when 
it 


would 
be appropriate 
to comnmunicate 
to the AID 
again. 


Once 
it has been determined 
that the AID 
has completed 
a 


conversion, 
another 
instruction 
can 
be transmitted 
to the 


A/D. 
The data from this conversion 
can be accessed 
when 


the next instruction 
is issued 
to the AID. 


Note, when CS is low continuously 
it is important 
to transmit 


the exact 
number 
of SCLK 
cycles, 
as shown 
in the timing 


diagrams. 
The Data Out Format 
sets the number 
of SCLK 


cycles 
required 
in the next I/O cycle. A 12-bit no sign format 


will require 
12 SCLKs 
to be transmitted; 
a 12-bit 
plus sign 


format 
will require 
13 SCLKs 
to be transmitted, 
etc. Not do- 


ing so will desynchronize 
the 
serial 
communication 
to the 


AID. 
(See Section 
1.3.) 


DO Output 
Format Status 


"High" 
"High" 
"High" 
When "High" 


indicates a 12 indicates a 16 indicates that 
the 
or 13 bit 
or 17 bit 
the sign bit is 
conversion 
format 
format 
included. 
result will be 


When "Low" 
output MSB 
the sign bit is 
first. When 
not included. 
"Low" the 
result will be 
outputLSB 
first. 


When "High" 
the device is 
in test mode. 
When "Low" 
the device is 
in user mode. 


1.2 Changing 
Configuration 


The configuration 
of the ADC12130/2/B 
on power 
up de- 


faults 
to 12-bit plus sign resolution, 
12- or 13-bit MSB First, 


10 CCLK acquisition 
time. user mode, 
no Auto Cal, no Auto 


Zero, 
and 
power 
up mode. 
Changing 
the 
acquisition 
time 


and turning 
the sign bit on and off requires 
an 8-bit instruc- 


tion to be issued to the ADC. This instruction 
will not start a 


conversion. 
The 
instructions 
that 
select 
a multiplexer 
ad- 


dress and format 
the output 
data do start a conversion. 
Fig- 


ure 6 describes 
an example 
of changing 
the configuration 
of 


the ADC12130/2/8. 


During I/O sequence 
1, the instruction 
on 01 configures 
the 


ADC12130/2/8 
to do a conversion 
with 12-bit + sign reso- 


lution. 
Notice 
that 
when 
the 6 CCLK 
Acquisition 
and 
Data 


Out without 
Sign 
instructions 
are issued 
to the 
ADC, 
I/O 


sequences 
2 and 3, a new conversion 
is not started. 
The 


data 
output 
during 
these 
instructions 
is from 
conversion 
N 


which 
was 
started 
during 
I/O 
sequence 
1. The Configura- 


tion Modification 
timing 
diagram 
describes 
in detail 
the se- 


quence 
of events 
necessary 
for a Data 
Out without 
Sign, 


Data Out with Sign, 
or 6/10/18/34 
CCLK 
Acquisition 
time 


mode 
selection. 
Table 
IV describes 
the actual 
data 
neces- 


sary to be input to the ADC to accomplish 
this configuration 


modification. 
The next instruction, 
shown 
in Figure 
6, issued 


to the AID 
starts conversion 
N + 1 with 16-bit format 
with 12 


bits of resolution 
formatted 
MSB first. Again the data output 


during 
this I/O cycle 
is the data from conversion 
N. 


The number 
of SCLKs 
applied 
to the AID 
during 
any con- 


version 
I/O 
sequence 
should 
vary in accord 
with the 
data 


out word format 
chosen 
during the previous 
conversion 
I/O 


sequence. 
The 
various 
formats 
and 
resolutions 
available 


are shown 
in Table 
I. In Figure 
6, since 
16-bit without 
sign 


MSB 
first format 
was 
chosen 
during 
I/O 
sequence 
4, the 


number 
of SCLKs 
required 
during 
I/O 
sequence 
5 is 16. In 


the 
following 
I/O 
sequence 
the 
format 
changes 
to 
12-bit 


without 
sign MSB first; therefore 
the number 
of SCLKs 
re- 


quired 
during 
I/O sequence 
6 changes 
accordingly 
to 12. 


1.3 CS Low 
Continuously 
Considerations 


When CS is continuously 
low, it is important 
to transmit 
the 


exact 
number 
of SCLK 
pulses 
that 
the ADC 
expects. 
Not 


doing 
so will 
desynchronize 
the 
serial 
communications 
to 


the ADC. When the supply power is first applied 
to the ADC, 
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output word length is controlled by the Data Out (DO) for- 
mat. The DO format maybe changed any time a conversion 
is started or when the sign bit is turned on or off. The table 
below details out the number of clock periods required for 
different DO formats: 


Number of 
DO Format 
SClKs 
Expected 


12-8it MSB or LSB First 
SIGN OFF 
12 


SIGNON 
13 


16-8it MSB or LSB first 
SIGN OFF 
16 


SIGNON 
17 


If erroneous SCLK pulses desynchronize the communica- 
tions, the simplest way to recover is by cycling the power 
supply to the device. Not being able to easily resynchronize 
the device is a shortcoming of leaving ~ 
low continuously. 
The number of clock pulses required for an I/O exchange 
may be different for the case when ~ 
is left low continu- 


ously vs the case when ~ 
is cycled. Take the I/O se- 


quence detailed in Figure 5 (Typical Power Supply Se- 
quence) as an example. The table below lists the number of 
SCLK pulses required for each instruction: 


Instruction 
CSlow 
CSStrobed 
Continuously 


AutoCal 
13 SCLKs 
8 SCLKs 


Read Status 
13 SCLKs 
8 SCLKs 


Read Status 
13 SCLKs 
8SCLKs 


12-8it + Sign Conv 1 
13 SCLKs 
8SCLKs 


12-8it + Sign Conv 2 
13 SCLKs 
13SCLKs 


1.4 Analog Input Channel Selection 
The data input on 01 also selects the channel configuration 
for a particular A/D conversion (see Tables II, III and IV). 


I/O Sequence I 


ana Ii. Input cnannels are reselected before the start of 
each new conversion. Shown below is the data bit stream 
required on 01, during I/O sequence number 4 in Figure 
6, 


to set CH1 as the positive input and CHOas the negative 
input for the different versions of AOCs: 


Part 
01 Data 


Number 
010 
011 
012 
013 
014 
015 
016 
017 


ADC12130 
L 
H 
L 
L 
H 
L 
X 
X 


and 
ADC12132 


ADC12138 
L 
H 
L 
L 
L 
L 
H 
L 


1.5 Power Up/Down 
The ADC may be powered down at any time by taking the 
POpin HIGH or by the instruction input on 01 (see Tables IV 
and V, and the Power Up/Oown timing diagrams). When the 
ADC is powered down in this way, the circuitry necessary for 
an AlO conversion is deactivated. The circuitry necessary 
for digital I/O is kept active. Hardware power up/down is 
controlled by the state of the PO pin. Software power-up/ 
down is controlled by the instruction issued to the ADC. If a 
software power up instruction is issued to the ADC while a 
hardware power down is in effect (PO pin high) the device 
will remain in the power-down state. If a software power 
down instruction is issued to the AOC while a hardware 
power up is in effect (PO pin low), the device will power 
down. When the device is powered down by software. it 
may be powered up by either issuing a software power up 
instruction or by taking PO pin high and then low. If the 
power down command is issued during an A/D conversion, 
that conversion is disrupted. Therefore, the data output after 
power up cannot be relied upon. 


Cony N+3 


12-Bi\ 


LSB First 
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Hints (Continued) 


1.6 User Mode 
and Test 
Mode 


An instruction 
may be issued 
to the ADC to put it into test 


mode. Test mode is used by the manufacturer 
to verify com· 


plete 
functionality 
of the 
device. 
During 
test 
mode 
CHO- 


CH7 
become 
active 
outputs. 
If the device 
is inadvertently 


put into the test mode 
with CS continuously 
low, the serial 


communications 
may 
be desynchronized. 
Synchronization 


may be regained 
by cycling 
the power supply voltage 
to the 


device. 
Cycling 
the 
power 
supply 
voltage 
will also 
set the 


device 
into user mode. 
If CS is used in the serial 
interface, 
the ADC 
may be queried 
to see what 
mode 
it is in. This is 


done by issuing 
a "read 
STATUS 
register" 
instruction 
to the 


ADC. When 
bit 9 of the status 
register 
is high, the ADC is in 


test mode; when bit 9 is low the ADC, is in user mode. As an 
alternative 
to cycling 
the 
power 
supply, 
an instruction 
se- 


quence 
may be used to return the device to user mode. This 


instruction 
sequence 
must be issued 
to the ADC using CS. 


The following 
table 
lists the instructions 
required 
to return 


the device 
to user mode: 


Instruction 
01 Data 


010 
011 
012 
013 
014 
015 
016 
017 


TEST 
MODE 
H 
X 
X 
X 
H 
H 
H 
H 


Reset 
L 
L 
L 
L 
H 
H 
H 
L 


Test Mode 
L 
L 
L 
L 
H 
L 
H 
L 


Instructions 
L 
L 
L 
L 
H 
L 
H 
H 


USER MODE 
L 
L 
L 
L 
H 
H 
H 
H 


Power Up 
L 
L 
L 
L 
H 
L 
H 
L 


Set DO with 
H 


or without 
or 
L 
L 
L 
H 
H 
L 
H 


Sign 
L 


Set 
H 
H 


Acquisition 
or 
or 
L 
L 
H 
H 
H 
L 


Time 
L 
L 


Start 
H 
H 
H 
H 
H 
H 
H 


a 
or 
or 
or 
or 
L 
or 
or 
or 


Conversion 
L 
L 
L 
L 
L 
L 
L 


After 
returning 
to user mode with the user mode 
instruction 
the power up, data with or without 
sign, and acquisition 
time 


instructions 
need to be resent 
to ensure 
that the ADC is in 


the required 
state 
before 
a conversion 
is started. 


1.7 Reading 
the Data Without 
Starting 
a Conversion 


The 
data 
from 
a particular 
conversion 
may 
be accessed 


without 
starting 
a 
new 
conversion 
by 
ensuring 
that 
the 


CONY 
line is taken 
high during 
the I/O 
sequence. 
See the 


Read 
Data timing 
diagrams. 
Table 
V describes 
the opera- 


tion of the C(5jij\,7 pin. 


2.0 DESCRIPTION 
OF THE ANALOG 
MULTIPLEXER 


For the ADC12138, 
the analog 
input multiplexer 
can be con- 


figured 
with 4 differential 
channels 
or 8 single 
ended 
chan- 


nels with the COM input as the zero reference 
or any combi- 


nation 
thereof 
(see Figure 
7). The difference 
between 
the 


voltages 
on the 
VREF+ 
and 
VREF- 
pins 
determines 
the 


input voltage 
span (VREF). The analog 
input voltage 
range is 


o to VA + . Negative 
digital output 
codes result when VIN - > 


VIN+. 
The actual voltage 
at VIN- 
or VIN+ 
cannot 
go below 


AGND. 


4 Differential 
Channels 


+(-) 
-(f) 


+(-) 
-(f) 


+(-) 
-(f) 


+(-) 
-(f) 


8 Single-Ended 
Channels 


with 
COM 
as Zero 
Reference 


TUH/12079-34 
TUH/12079-35 


FIGURE 
7 


CHO, CH2, 
CH4, 
and 
CH6 
can 
be assigned 
to the 
MUX- 


OUT1 
pin in the differential 
configuration, 
while 
CH1, 
CH3, 


CH5, and CH7 can be assigned 
to the MUXOUT2 
pin. In the 


differential 
configuration, 
the analog 
inputs are paired as fol- 


lows: CHO with CH 1, CH2 with CH3, CH4 with CH5 and CH6 
with 
CH7. 
The AlDIN1 
and AlDIN2 
pins 
can be assigned 


positive 
or negative 
polarity. 


Application 
Hints (Continued) 


With 
the 
single-ended 
multiplexer 
configuration 
CHO 


through CH7 can be assigned to the MUXOUT1 pin. The 
COM pin is always assigned to the MUXOUT2 pin. A/DIN1 
is assigned as the positve input; AlDIN2 is assigned as the 
negative input. (See Figure 8). 


oUT2 


TLIH/12079-36 
TLIH/12079-37 


AlDINl 
and AlDIN2 can be as- 
A/DINl is + input 


signed as the + or - 
input 
A/DIN2 
is - 
input 
FIGURES 


Differential 
Configuration 


CHo 
CHo 


CH2 
CHI 


CH4 
t.lUX OUT I 
CH2 


CH6 
CH3 
CH4 


CHI 
CHS 


CH3 
CH6 


CHS 
t.lUXoUT2 
CH7 


CH7 


COt.l 


Single-Ended 
Configuration 


~ 
~~ 


- -- 
- 


t.lUX 


~ 


t.lUX 


ANALOG 
VA+ 
Av 
CHO 


INPUT 
CHI 


VOLTAGE 
CH2 
RANGE 
ASSIGNED 
10 
OV TO 4.096V 
(+) 
INPUT 
CH7 
VD+ 


(OV 
TO 2.SV) 


12-81TS 
UNSIGNED 


ASSIGNED 
ADC1213X 


(-) 
INPUT 
VREF+ 
Cot.l 


ANALOG 


INPUT 


VOLTAGE 


GROUND 


REFERENCE 


The Multiplexer assignment tables for the ADC12130/2/B 
(Tables II and III) summarize the aforementioned functions 
for the different versions of AIDs. 


2.1 Biasing for Various 
Multiplexer 
Configurations 


Figure 9 is an example of biasing the device for single-end- 
ed operation. The sign bit is always low. The digital output 
range is 0 0000 0000 0000 to 01111 1111 1111. One LSB 
is equal to 1 mY (4.1V/4096 LSBs). 


Application 
Hints (Continued) 
For pseudo-differential signed operation, the biasing circuit 
shown in Figure 
10 shows a signal AC coupled to the ADC. 


This gives a digital output range of - 4096 to +4095. With a 
2.5V reference, as shown, 1 LSB is equal to 610 ,..V. Al- 
though, the ADC is not production tested with a 2.5V refer- 
ence,.when VA+ and Vo + are +5.0V linearity error typical- 
ly will not change more than 0.1 LSB (see the curves in the 
Typical Electrical Characteristics Section). With the ADC set 


to an acquisition time of 10 clock periods, the input biasing 
resistor needs to be 60011or less. Notice though that the 
input coupling capacitor needs to be made fairly large to 
bring down the high pass corner. Increasing the acquisition 
time to 34 clock periods (with a 5 MHz CCLK frequency) 
would allow the 60011to increase to 6k, which with a 1 ,..F 
coupling capacitor would set the high pass corner at 26 Hz. 
Increasing R, to 6k would allow R2 to be 2k. 


VA+ 
Av 
CHO 
CHI 
CH2 
ASSIGNED 
to 
(+) 
INPUT 
CH8 
Vo+ 


Rl 
ADC1213X 
ASSIGNED 
(-) 
INPUT 


VREr+ 
CON 


- 
- 
- 
VREF- 


ANALOG 
INPUT 
VOLTAGE 
RANGE 
>-I 
OV TO S.OV 
(OV TO 2.SV) 


12-BITS 
SIGNED 
600n 


(DEPENDS 
ON 
ACQUISITION 


TINE) 


ANALOG 
INPUT 


VOLTAGE 
GROUND 
REFERENCE 


LM9140-2.5 


(LN4041AIZ-1.2) 


TL/H/12079-39 


FIGURE 10. Pseudo-Differential 
Biasing with the Signal Source AC Coupled Directly Into the ADC 


An alternative method for biasing pseudo-differential opera- 
tion is to use the +2.5V from the LM9140 to bias any ampli- 
fier circuits driving the ADC as shown in Figure 
". 
The 


value of the resistor pull-up biasing the LM9140-2.5 will de- 
pend upon the current required by the op amp biasing cir- 
cuitry. 
In the circuit of Figure 
11 some voltage range is lost since 


the amplifier will not be able to swing to +5V and GND 


ANALOG 
INPUT 
VOLTAGE 


ANALOG 
INPUT 
VOLTAGE 
GROUND 
REFERENCE 


ANALOG INPUT 
VOLTAGE 
RANGE 
OV TO S.OV 
(OV TO 2.SV) 


12-BITS 
SIGNED 


./'... 
• 
ASSIGNED 
• 
'-/ 
(+) 
INPUT 


with a single +5V supply. Using an adjustable version of the 
LM4041 to set the full scale voltage at exactly 2.048V and a 
lower grade LM4040D-2.5 to bias up everything to 2.5V as 
shown in Figure 
12will allow the use of all the ADC's digital 


output range of - 4096 to + 4095 while leaving plenty of 
head room for the amplifier. 


Fully differential operation is shown in Figure 
13. One LSB 
for this case is equal to (4.1V/4096) = 1 mY. 


ASSIGNED 
ADC1213X 


(-) 
INPUT 


VREf+ 
CON 
+2.SV 
(+1.2SV) 
I. I. I. 
- 
- 
- 
- 
VREF- 
LM9140-2.5 


DGND 
AGND 
(LN4041AIZ-1.2) 


ANALOG 


INPUT >1 
VOLTAGE 


ANALOG 


INPUT 


VOLTAGE 


RANGE 


2.5V 
t2.048V 


12-BITS 
SIGNED 


_k 
ASSIGNED 


(-) 
INPUT 


ANALOG 


INPUT 


VOLTAGE 


GROUND 


REFERENCE 


CHO 


CH1 


CH2 
10 
CH8 
VD+ 


ANALOG 
A. 
. 
INPUT 
• 
"-/ 


VOLTAGE 


RANGE 


O.45V 
TO 4.55V 


(O.4V 
TO 2.9V) 


FULLY DIFFERENTIAL 
12 - BIT PLUS SIGN 


CHO 


CH2 


CH4 
ASSIGNED 
or 
(+) 
INPUT 
CH6 


ANALOG V" 
CHI 


INPUT 
CH3 


VOLTAGE 
CH5 


RANGE 
ASSIGNED 
or 
0.45V 
TO 4.55V 
(-) 
INPUT 
CH7 


(O.4V 
TO 2.9V) 


DGND 


ANALOG 


INPUT 


VOLTAGE 


GROUND 


REFERENCE 


LM4040-4.1 


(L~9140BYZ-2.5) 
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3.0 REFERENCE VOLTAGE 
The difference in the voltages applied to the VREF+ and 
VREF- defines the analog input span (the difference be- 
tween the voltage applied between two multiplexer inputs or 
the voltage applied to one of the multiplexer inputs and ana- 
log ground), over which 4095 positive and 4096 negative 
codes exist. The voltage sources driving VREF+ or VREF- 
must have very low output impedance and noise. The circuit 
in Figure 
14is an example of a very stable reference appro- 


priate for use with the device. 


+12V to .15 ..•• 
'"1 


-= 
+Tantalum 
TLiH/12079-43 


FIGURE 14. Low Drift Extremely 
Stable Reference Circuit 


The ADC12130/2/8 
can be used in either ratiometric or ab- 


solute reference applications. In ratiometric systems, the 
analog input voltage is proportional to the voltage used for 
the ADC's reference voltage. When this voltage is the sys- 
tem power supply, the VREF+ pin is connected to VA+ and 
VREF- is connected to ground. This technique relaxes the 
system reference stability requirements because the analog 
input voltage and the ADC reference voltage move togeth- 
er. This maintains the same output code for given input con- 
ditions. For absolute accuracy, where the analog input volt- 
age varies between very specific voltage limits, a time and 
temperature stable voltage source can be connected to the 
reference inputs. Typically, the reference voltage's magni- 
tude will require an initial adjustment to null reference volt- 
age induced full-scale errors. 
Below are recommended references along with some key 
specifications. 


Output 
Temperature 
Part Number 
Voltage 
Coefficient 
Tolerance 


LM4041CI-Adj 
±0.5% 
±100ppm1"C 


LM4040AI-4.1 
±0.1% 
±100ppm1"C 


LM9140BYZ-4.1 
±0.5% 
±25ppml"C 


LM368Y-5.0 
±0.1% 
±20ppml"C 


Circuit of Figure 
14 
Adjustable 
±2ppml"C 


The reference voltage inputs are not fully differential. The 
ADC12130/2/8 
will not generate correct conversions or 


comparisons if VREF+ is taken below VREF-. Correct con- 
versions result when VREF+ and VREF- differ by 1V and 
remain, at all times, between ground and VA+. The VREF 
common mode range, (VREF+ + VREF-)/2 is restricted to 
(0.1 X VA+) to (0.6 x VA+). Therefore, with VA+ = 5V 
the center of the reference ladder should not go below O.SV 
or above 3.0V. Figure 
1511 a graphic representation of the 


voltage restrictions on VREF+ and VREF-. 


~ 


~ 
0.1'1,,·-0.5'1 


>'" 


TLiH/12079-44 


FIGURE 15. VREFOperating Range 


4.0 ANALOG INPUT VOLTAGE RANGE 
The ADC12130/2/8's 
fully differential ADC generate a 


two's complement output that is found by using the equation 
shown below: 


for (12-bit) resolution the Output Code = 


(VIN+ - VIN-) (4096) 
(VREF+ - VREF-) 


Round off to the nearest integer value between -4096 
to 


4095 if the result of the above equation is not a whole num- 
ber. 
Examples are shown in the table below: 


Digital 
VREF+ 
VREF- 
VIN+ 
VIN- 
Output 
Code 


+2.5V 
+1V 
+1.5V 
OV 
0,1111,1111,1111 


+4.096V 
OV 
+3V 
OV 
0,1011,1011,1000 


+4.096V 
OV 
+2.499V 
+2.500V 
1,1111,1111,1111 


+4.096V 
OV 
OV 
+4.096V 
1,0000,0000,0000 


5.0 INPUT CURRENT 


At the start of the acquisition window (tA>a charging current 
flows into or out of the analog input pins (AlDIN1 and 
AlDIN2) depending on the input voltage polarity. The ana- 
log input pins are CHO-CH7 and COM when AlDIN1 is tied 
to MUXOUT1 and AlDIN2 is tied to MUXOUT2. The peak 
value of this input current will depend on the actual input 
voltage applied, the source impedance and the internal mul- 
tiplexer switch on resistance. With MUXOUT1 tied to 
AlDIN1 and MUXOUT2 tied to AlDIN2 the internal multi- 
plexer switch on resistance is typically 1.6 kfl. The AlDIN1 
and AlDlN2 mux on resistance is typically 750fl. 
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Hints (Continued) 


6.0 INPUT SOURCE 
RESISTANCE 


For 
low 
impedance 
voltage 
sources 
«600n), 
the 
input 
charging 
current 
will 
decay, 
before 
the 
end 
of the 
S/H's 
acquisition 
time 
of 
2 
,...s (10 
CClK 
periods 
with 
fCK = 
5 MHz), 
to a value 
that 
will 
not 
introduce 
any conversion 
errors. 
For high source 
impedances, 
the S/H's 
acquisition 
time can be increased 
to 18 or 34 CClK 
periods. 
For less 
ADC accuracy 
and/or 
slower 
CClK 
frequencies 
the S/H's 
acquisition 
time 
may be decreased 
to 6 CClK 
periods. 
To 
determine 
the number 
of clock 
periods 
(Ncl required 
for the 
acquisition 
time 
with 
a specific 
source 
impedance 
for the 
various 
resolutions 
the following 
equations 
can be used: 


12 Bit + Sign 
Nc = [Rs + 2.3] x fCK X 0.824 


Where 
fCK is the conversion 
clock 
(CClK) 
frequency 
in MHz 
and Rs is the external 
source 
resistance 
in kn. As an exam- 
ple, operating 
with a resolution 
of 12 Bits+sign, 
a 5 MHz 
clock frequency 
and maximum 
acquistion 
time of 34 conver- 
sion 
clock 
periods 
the 
ADC's 
analog 
inputs 
can 
handle 
a 
source 
impedance 
as high as 6 kn. 
The 
acquisition 
time 
may 
also 
be extended 
to 
compensate 
for the 
settling 
or 
response 
time of external 
circuitry 
connected 
between 
the 
MUXOUT 
and AlDIN 
pins. 


The acquisition 
time tA is started 
by a falling 
edge of SClK 
and ended 
by a rising edge of CClK 
(see timing 
diagrams). 


If SClK 
and CClK 
are asynchronous 
one extra CClK 
clock 
period 
may 
be 
inserted 
into 
the 
programmed 
acquisition 
time 
for 
synchronization. 
Therefore 
with 
asnychronous 
SClK 
and CClKs 
the acquisition 
time will change 
from con- 
version 
to conversion. 


7.0 INPUT 
BYPASS 
CAPACITANCE 


External 
capacitors 
(0.01 ,...F-O.l 
,...Fl can be connected 
be- 
tween 
the analog 
input pins, CHO-CH7, 
and analog 
ground 
to filter 
any 
noise 
caused 
by inductive 
pickup 
associated 
with long input leads. These 
capacitors 
will not degrade 
the 
conversion 
accuracy. 


8.0 NOISE 


The 
leads 
to 
each 
of 
the 
analog 
multiplexer 
input 
pins 
should 
be kept as short as possible. 
This will minimize 
input 
noise and clock 
frequency 
coupling 
that can cause 
conver- 
sion errors. 
Input filtering 
can be used to reduce 
the effects 
of the noise sources. 


9.0 POWER 
SUPPLIES 


Noise 
spikes 
on the VA + and Vo + supply 
lines can cause 
conversion 
errors; the comparator 
will respond 
to the noise. 
The ADC is especially 
sensitive 
to any power 
supply 
spikes 
that 
occur 
during 
the auto-zero 
or linearity 
correction. 
The 
minimum 
power supply bypassing 
capacitors 
recommended 
are low inductance 
tantalum 
capacitors 
of 10 ,...F or greater 
paralleled 
with 0.1 ,...F monolithic 
ceramic 
capacitors. 
More 
or different 
bypassing 
may be necessary 
depending 
on the 
overall 
system 
requirements. 
Separate 
bypass 
capacitors 
should 
be used for the VA + and Vo + supplies 
and placed 
as close 
as possible 
to these 
pins. 


10.0 GROUNDING 


The 
ADC12130/2/8's 
performance 
can 
be 
maximized 
through 
proper 
grounding 
techniques. 
These 
include 
the 
use of separate 
analog 
and digital 
ground 
planes. 
The digi- 
tal ground 
plane is placed 
under all components 
that handle 
digital 
signals, 
while 
the analog 
ground 
plane 
is placed 
un- 
der all components 
that 
handle 
analog 
signals. 
The digital 
and analog 
ground 
planes 
are connected 
together 
at only 
one point, 
either 
the power 
supply 
ground 
or at the pins of 
the 
ADC. 
This 
greatly 
reduces 
the 
occurence 
of 
ground 
loops 
and noise. 


Shown 
in Figure 
16 is the ideal ground 
plane 
layout for the 
ADC12138 
along with ideal placement 
of the bypass capaci- 
tors. The circuit 
board 
layout shown 
in Figure 
16 uses three 
bypass 
capacitors: 
0.01 
,...F (C1) and 0.1 ,...F (C2) surface 
mount 
capacitors 
and 10 ,...F (C3) tantalum 
capacitor. 


Application 
Hints 
(Continued) 


11.0 CLOCK 
SIGNAL 
LINE ISOLATION 


The ADC12130/2/8's 
performance 
is optimized 
by routing 
the analog 
inputloutput 
and reference 
signal conductors 
as 
far as possible 
from the conductors 
that carry the clock 
sig- 
nals to the CCLK and SCLK pins. Ground 
traces 
parallel 
to 
the clock signal traces 
can be used on printed 
circuit boards 
to reduce 
clock 
signal interference 
on the analog 
input! out- 
put pins. 


12.0 THE CALIBRATION 
CYCLE 


A calibration 
cycle 
needs to be started 
after the power sup- 
plies, reference, 
and clock 
have been given enough 
time to 
stabilize 
after initial turn-on. 
During the calibration 
cycle, cor- 
rection 
values 
are determined 
for the offset 
voltage 
of the 
sampled 
data comparator 
and any linearity 
and gain errors. 


These values 
are stored 
in internal 
RAM and used during an 
analog-to-digital 
conversion 
to 
bring 
the 
overall 
full-scale, 


offset, 
and linearity 
errors 
down 
to the specified 
limits. 
Full- 
scale 
error 
typically 
changes 
± 0.4 
LSB over 
temperature 
and linearity 
error changes 
even less; therefore 
it should 
be 
necessary 
to go through 
the calibration 
cycle 
only once af- 
ter power 
up if the 
Power 
Supply 
Voltage 
and the ambient 
temperature 
do not change 
significantly 
(see the curves 
in 
the Typical 
Performance 
Characteristics). 


13.0 THE AUTO-ZERO 
CYCLE 


To correct 
for any change 
in the zero 
(offset) 
error 
of the 
AID, 
the auto-zero 
cycle 
can be used. It may be necessary 
to do an auto-zero 
cycle whenever 
the ambient 
temperature 
or the power 
supply 
voltage 
change 
significantly. 
(See the 
curves 
titled 
"Zero 
Error Change 
vs Ambient 
Temperature" 


and "Zero 
Error Change 
vs Supply 
Voltage" 
in the Typical 
Performance 
Characteristics.) 


14.0 DYNAMIC 
PERFORMANCE 


Many applications 
require 
the AID 
converter 
to digitize 
AC 
signals, 
but the standard 
DC integral 
and differential 
nonlin- 
earity specifications 
will not accurately 
predict 
the AI D con- 
verter's 
performance 
with 
AC input 
signals. 
The 
important 
specifications 
for 
AC 
applications 
reflect 
the 
converter's 
ability 
to digitize 
AC signals 
without 
significant 
spectral 
er- 
rors and without 
adding 
noise to the digitized 
signal. Dynam- 
ic characteristics 
such 
as signal-to-noise 
(SIN), 
signal-to- 
noise + distortion 
ratio (S/(N + DJ), effective 
bits, full pow- 


er bandwidth, 
aperture 
time and aperture 
jitter are quantita- 
tive measures 
of the AI D converter's 
capability. 


An AID 
converter's 
AC performance 
can be measured 
us- 
ing 
Fast 
Fourier 
Transform 
(FFT) 
methods. 
A 
sinusoidal 
waveform 
is applied 
to the AID 
converter's 
input, 
and the 
transform 
is then 
performed 
on 
the 
digitized 
waveform. 
S/(N + D) and SIN 
are calculated 
from 
the resulting 
FFT 
data, and a spectral 
plot may also be obtained. 
Typical 
val- 
ues for SIN 
are shown 
in the table of Electrical 
Characteris- 
tics, 
and 
spectral 
plots 
of S/(N 
+ D) are included 
in the 
typical 
performance 
curves. 


The AID 
converter's 
noise and distortion 
levels will change 
with the frequency 
of the input signal, 
with 
more 
distortion 
and noise 
occurring 
at higher 
signal 
frequencies. 
This can 
be seen in the S/(N 
+ D) versus 
frequency 
curves. 
These 
curves 
will also 
give 
an indication 
of the full 
power 
band- 
width 
(the frequency 
at which 
the S/(N + D) or SIN 
drops 
3 dB). 


Effective 
number 
of bits can also be useful 
in describing 
the 
AID's 
noise performance. 
An ideal AID 
converter 
will have 
some amount 
of quantization 
noise, determined 
by its reso- 
lution, 
which 
will yield 
an optimum 
SIN 
ratio 
given 
by the 
following 
equation: 


SIN = (6.02 x n + 1.8) dB 


where 
n is the AID's 
resolution 
in bits. 


The effective 
bits of a real AID 
converter, 
therefore, 
can be 
found 
by: 


. 
S/N(dB) 
- 
1.8 
n(effectlve) 
= ----- 
6.02 


As an example, 
this 
device 
with 
a differential 
signed 
5V, 


10 kHz sine wave 
input 
signal 
will typically 
have 
a SIN 
of 
78 dB, which 
is equivalent 
to 12.6 effective 
bits. 


15.0 AN Rs232 
SERIAL 
INTERFACE 


Shown 
on the following 
page is a schematic 
for an RS232 
interface 
to any IBM and compatible 
PCs. The 
DTR, 
RTS, 
and CTS RS232 
signal 
lines are buffered 
via level transla- 
tors and connected 
to the ADC12138's 
DI, SCLK, 
and DO 
pins, respectively. 
The D fliplflop 
is used to generate 
the ~ 
signal. 
• 


c.; 
'0 
.•.. 
CHI 
OOR 


C'I 
CH2 
CCLK 
5 t.lHz 
.•.. 
(.) 


SCLK 
Cec 
01 
•.... 
0 
CO) 
.•.. 
C'I.•.. 
Ucec 


CTS 


RS232 


Interface 


Connector 


TUH/12079-46 


Note: VA +, Vo + , and VREF+ on the ADC12138 
each have 0.01 p.F and 0.1 p.F chip caps, and 10 p.F tantalum caps. All logic devices are bypassed w~h 0,1 p.F 


caps. 


The assignment of the RS232 port is shown below 


87 
86 
85 
84 
83 
82 
81 
80 


COM1 I Input Address 
I 3FE 
X 
X 
X 
CTS 
X 
X 
X 
X 
I Output Address I 3FC 
X 
X 
X 
0 
X 
X 
RTS 
DTR 


A sample program, written in Microsoft QuickBasic, is 
shown on the next page. The program prompts for data 
mode select instruction to be sent to the AID. This can be 
found from the Mode Programmingtable shown earlier. The 
data should be entered in "1"s and "O"s as shown in the 
table with 010 first. Next the program prompts for the num· 
ber of SCLKs required for the programmed mode select in· 
struction. For instance, to send all "O"s to the AID, selects 
CHOas the +input, CH1 as the -input, 
12·bit conversion, 


and 13-bit MSB first data output format (if the sign bit was 
not turned off by a previous instruction). This would require 
13 SCLK periods since the output data format is 13 bits. The 
part powers up with No Auto Cal, No Auto Zero, 10 CCLK 


Acquisition Time, 12·bit conversion, data out with sign, pow- 
er up, 12· or 13·bit MSB First, and user mode. Auto Cal, 
Auto Zero, Power Up and Power Down instructions do not 
change these default settings. Since there is no CS signal to 
synchronize the serial interface the follOWingpower up se- 
quence should be followed: 
1. Run the program 


2. Prior to responding to the prompt apply the power to the 
ADC12138 
3. Respond to the program prompts 


It is recommended that the first instruction issued to the 
ADC12138 be Auto Cal (see Section 1.1). 


'SET CS# HIGH 
OUT &H3FC, 
(&H2 OR INP (&H3FC) 


OUT &H3FC, 
(&HFE AND INP(&H3FC) 


OUT &H3FC, 
(&HFD AND INP 
(&H3FC) 


OUT &H3FC, 
(&HEF AND INP(&H3FC)) 


10 
LINE INPUT "DI data for ADC12138 
(see Mode Table on data sheet)"; 


INPUT "ADC12138 output word length 
(12,13,16 or 17)"; DOL 


20 


'SET CS# HIGH 
OUT &H3FC, 
(&H2 OR INP (&H3FC) 


OUT &H3FC, 
(&HFE AND INP(&H3FC) 


OUT &H3FC, 
(&HFD AND INP (&H3FC) 


'SET CS# LOW 
OUT &H3FC, 
(&H2 OR INP (&H3FC) 


OUT &H3FC, 
(&Hl OR INP(&H3FC) 


OUT &H3FC, 
(&HFD AND INP (&H3FC) 


DO$="" 
OUT &H3FC, 
(&Hl OR INP(&H3FC) 


OUT &H3FC, 
(&HFD AND INP(&H3FC)) 


FOR N = 1 TO 8 


Temp$ = MID$(DI$, 
N. 1) 


IF Temp$="O" 
THEN 


OUT &H3FC, 
(&Hl OR INP(&H3FC)) 


ELSE OUT &H3FC. 
(&HFE AND INP(&H3FC)) 


END IF 
OUT &H3FC, 
(&H2 OR INP(&H3FC)) 


IF (INP(&H3FE) AND 16) = 16 THEN 


DO$ = DO$ + "0" 
ELSE 
DO$ = DO$ + "1" 


END IF 
OUT &H3FC, 
(&Hl OR INP(&H3FC) 


OUT &H3FC, 
(&HFD AND INP(&H3FC)) 


NEXT N 
IF DOL> 
8 THEN 


FOR N=9 TO DOL 
OUT &H3FC. 
(&Hl OR INP(&H3FC) 


OUT &H3FC. 
(&HFD AND INP(&H3FC)) 


OUT &H3FC. 
(&H2 OR INP(&H3FC)) 


IF (INP(&H3FE) AND &H10) = &H10 THEN 


DO$ = DO$ + "0" 


ELSE 
DO$ = DO$+"l" 


END IF 
NEXT N 
END IF 
OUT &H3FC. 
(&HFA AND INP(&H3FC)) 


FOR N = 1 TO 500 
NEXT N 
PRINT DO$ 
INPUT "Enter "C" to convert else "RETURN" to alter DI data"; s$ 
IF s$ = "C" OR s$ = "c" THEN 
GOTO 20 
ELSE 
GOTO 10 
END IF 
END 


'set RTS HIGH 
'SET DTR LOW 
'SET RTS LOW 


'set RTS HIGH 
'SET DTR LOW 
'SET RTS LOW 


'set RTS HIGH 
'SET DTR HIGH 
'SET RTS LOW 


'reset DO variable 
'SET DTR HIGH 
'SCLK low 


'out DI 
'SCLK high 


'Input DO 
'SET DTR HIGH 
'SCLK low 


'SET DTR HIGH 
'SCLK low 
'SCLK high 
• 


t!JNational 
Semiconductor 


ADC 12051ADC 1225 12-Bit Plus Sign 
p,PCompatible AID Converters 


General Description 
The ADC1205 and ADC1225 are CMOS, 12-bit plus sign 
successive 
approximation AID 
converters. 
The 
24-pin 
ADC1205 outputs the 13-bit data result in two 8-bit bytes, 
formatted high-byte first with sign extended. The 28-pin 
ADC1225 outputs a 13-bit word in parallel for direct inter- 
face to a 16-bit data bus. 
Negative numbers are represented in 2's complement data 
format. All digital signals are fully TTl and MOS compatible. 


A unipolar input (OVto 5V) can be accommodated with a 
single 5V supply, while a bipolar input (-5V 
to +5V) re- 
quires the addition of a 5V negative supply. 
The ADC1205C and ADC1225C have a maximum non-lin- 
earity of 0.0224% of Full Scale. 


Key Specifications 
• 
Resolution-12 
bits plus sign 
• 
linearity Error-± 
1 lSB 
• 
Conversion Time-100 
/Ls 


Features 
• 
Compatible with all /LPS 
• 
True differential analog voltage inputs 
• 
OVto 5V analog voltage range with single 5V supply 
• 
TTlIMOS 
input/output compatible 
• 
low power-25 
mW max 
• 
Standard 24-pin or 28-pin DIP 


Connection 
and Functional Diagrams 
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Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Conditions 
(Notes 
1 & 2) 


If Military/Aerospace 
specified 
devices 
are 
required, 
Temperature 
Range 
TMIN,;;TA,;;TMAX 


please 
contact 
the 
National 
Semiconductor 
Sales 
ADC1205CCJ. 
ADC1225CCD 
-40·C,;;TA,;;+85·C 


Office/Distributors 
for 
availability 
and 
specifications. 
ADC1205CCJ·1. 
ADC1225CCD·1 
0·C,;;TA,;;70·C 


Supply Voltage 
(DVee 
and AVecl 
6.5V 
Supply Voltage 
(DVee and AVecl 
4.5 Voe to 6.0 Voe 
Negative 
Supply Voltage 
(V-) 
-15VtoGND 
Negative 
Supply Voltage 
(V-) 
-15VtoGND 
Logic Control 
Inputs 
-0.3V 
to + 15V 


Voltage 
at Analog 
Inputs 


[VIN(+). 
VIN(-)) 
(V-)-0.3V 
to Vee+0.3V 


Voltage 
at All Outputs. 
VREF. Vas 
-0.3V 
to (Vee+0.3)V 


Input Current 
per Pin 
±5mA 


Input Current 
per Package 
±20mA 
,. 


Storage 
Temperature 
Range 
- 65·C to + 150·C 


Package 
Dissipation 
at TA= 25·C 
875mW 


Lead Temp. 
(Soldering. 
10 seconds) 
300·C 


ESD Susceptibility 
(Note 12) 
800V 


Electrical Characteristics 


The following 
specifications 
apply for DVee = AVec = 5V. VREF = 5V. felK 
= 1.0 MHz. V- 
= -5V 
for bipolar 
input range, or 
V- 
= GND for unipolar 
input range 
unless 
otherwise 
specified. 
Bipolar 
input range 
is defined 
as -5.05V 
,;; VIN(+) 
,;; 5.05V; 


-5.05V 
,;; VIN(-) 
,;; 5.05Vand 
IVIN(+) 
- 
vIN(-)1 
,;; 5.05V. 
Unipolar 
input 
range 
is defined 
as -0.05V 
,;; VIN(+) 
,;; 5.05V; 
-0.05V';; 
VIN(-) 
,;; 5.05Vand 
IVIN(+) 
- 
vIN(-)1 
,;; 5.05V. Boldface 
limits 
apply 
from 
TMIN to TMAX; all other 
limits TA = TJ 


= 25·C (Notes 
3. 4. 5. 6. 7). 


ADC1205CCJ, 
ADC1225CCD 
ADC1205CCJ-1, 
ADC1225CCD-1 


Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Limit 


Typ 
Limit 
Limit 
Typ 
Limit 
Limit 
Units 
(Note 
8) 
(Note 
9) 
(Note 
10) 
(Note 
8) 
(Note 
9) 
(Note 
10) 


CONVERTER 
CHARACTERISTICS 


Linearity 
Error 
Unipolar 
Input 


ADC1205CCJ. 
ADC1225CCD 
Range 
±1 
LSB 


ADC1205CCJ·1. 
ADC1225CCD·1 
(Note 11) 
±1 
±1 
LSB 


Unadjusted 
Zero Error 
Unipolar 
Input 
±2 
±2 
±2 
LSB 
Range 


Unadjusted 
Positive 
and Negative 
Unipolar 
Input 
±30 
±30 
±30 
LSB 
Full·Scale 
Error 
Range 


Negative 
Full·Scale 
Error 
Unipolar 
Input 
±% 
. 


±% 
LSB 
Range, Full 
Scale Adj. to 
Zero 


Linearity 
Error 
Bipolar 
Input 


ADC1205CCJ. 
ADC1225CCD 
Range 
±2 
LSB 
ADC1205CCJ-1. 
ADC1225CCD·1 
(Note 11) 
±2 
±2 
LSB 


Unadjusted 
Zero Error 
Bipolar 
Input 
±2 
±2 
±2 
LSB 
Range 


Unadjusted 
Positive 
and Negative 
Bipolar 
Input 
±30 
±30 
±30 
LSB 
Full·Scale 
Error 
Range 


Negative 
Full·Scale 
Error 
Bipolar 
Input 
±2 
±2 
±2 
LSB 
Range. Full 
Scale Adj. to 
Zero 


Maximum 
Gain Temperature 
6 
15 
6 
15 
ppml"C 
Coefficient 


Maximum 
Offset 
Temperature 
0.5 
1.5 
0.5 
1.5 
ppml"C 
Coefficient 


Minimum 
VREF Input Resistance 
4.0 
2 
4.0 
2 
2 
kfl 


Maximum 
VREF Input Resistance 
4.0 
8 
4.0 
8 
8 
kfl 


• 


Electrical Characteristics 
(Continued) 
The following specifications apply for DVcc = AVcc = 5V, VREF= 5V, fCLK= 1.0 MHz, V- 
= -5V for bipolar input range, or 
V- 
= GND for unipolar input range unless otherwise specified. Bipolar input range is defined as -5.05V 
S; VIN(+) S; 5.05V; 
-5.05V 
S; VIN(-) 
S; 5.05V and IVIN(+) - 
vIN(-)1 
S; 5.05V. Unipolar input range is defined as -0.05V 
S; VIN(+) S; 5.05V; 


-0.05V 
S; VIN(-) 
S; 5.05V and IVIN(+) - vIN(-)1 s; 5.05V. Boldface limits apply from TMINto TMAX;all other limits TA = TJ 


= 25'C (Notes 3, 4, 5, 6, 7). 


ADC1205CCJ, ADC1225CCD 
ADC1205CCJ-1, ADC1225CCD·1 


Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Limit 
Typ 
Limit 
Limit 
Typ 
Limit 
Limit 
Units 
(Note 8) 
(Note 9) 
(Note 10) 
(Note 8) 
(Note 9) 
(Note 10) 


CONVERTER CHARACTERISTICS (Continued) 


Minimum Analog Input 
Unipolar Input 
GND-0.05 
GND-0.05 
GND-0.05 
V 
Voltage 
Range 
Bipolar Input 
-Vcc-0•05 
-Vc-0.05 
-Vcc-0•05 
V 


Range 


Maximum Analog Input 
Unipolar Input 
Vcc+0•05 
Vcc+0.05 
Vcc+0•05 
V 
Voltage 
Range 
Bipolar Input 
VCC+0•05 
Vcc+0.05 
Vcc + 0.05 
V 


Range 


DC Common-Mode Error 
±'Ie 
±'Iz 
±'Ie 
±'/2 
±'Iz 
LSB 


Power Supply Sensitivity 
AVec = DVcc= 
5V±5%, 
V-=-5V±5% 
.' 
Zero Error 
±% 
±o/. 
±314 
LSB 
Positive and Negative 
±% 
±o/. 
±% 
LSB 


Full-Scale Error 


Linearity Error 
±% 
±% 
±% 
LSB 


DIGITAL AND DC CHARACTERISTICS 


VIN(1)'Logical "1" Input 
Vcc=5.25V, 
2.0 
2.0 
2.0 
V 
Voltage (Min) 
All Inputs except 
CLKIN 


VIN(O),Logical "0" Input 
Vcc=4.75V, 
0.8 
0.8 
0.8 
V 
Voltage (Max) 
All Inputs except 
CLKIN 


IIN(1)'Logical "1" Input 
VIN=5V 
0.005 
1 
0.005 
1 
/LA 
Current (Max) 


IIN(O),Logical "0" Input 
VIN=OV 
-0.005 
-1 
-0.005 
-1 
/LA 
Current (Max) 


VT+ (Min), Minimum Positive- 
CLKIN 
3.1 
2.7 
3.1 
2.7 
2.7 
V 
Going Threshold Voltage 


VT+ (Max), Maximum Positive- 
CLKIN 
3.1 
3.5 
3.1 
3.5 
3.5 
V 
Going Threshold Voltage 


VT- (Min), Minimum Negative- 
CLKIN 
1.8 
1.4 
1.8 
1.4 
1.4 
V 
Going Threshold Voltage 


VT- (Max), Maximum Negative- CLKIN 
1.8 
2.1 
1.8 
2.1 
2.1 
V 
Going Threshold Voltage 


VH(Min), Minimum Hysteresis 
CLKIN 
1.3 
0.6 
1.3 
0.6 
0.6 
V 
[VT+ (Min)- VT- (Max)] 


VH(Max),Maximum Hysteresis 
CLKIN 
1.3 
2.1 
1.3 
2.1 
2.1 
V 
[VT+ (Max)- VT- (Min)] 


Electrical Characteristics 
(Continued) 


The following specifications apply for DVce = AVce = 5V, VREF= 5V, fClK = 1.0 MHz. V- 
= - 5V for bipolar input range. or 
V- 
= GND for unipolar input range unless otherwise specified. Bipolar input range is defined as -5.05V 
~ VIN(+) ~ 5.05V; 
-5.05V 
~ VIN(-) ~ 5.05Vand IVIN(+) - 
vIN(-)1 ~ 5.05V. Unipolar input range is defined as -0.05V 
~ VIN(+) ~ 5.05V; 
-0.05V 
~ VIN(-) ~ 5.05Vand IVIN(+) - vIN(-)1 ~ 5.05V. Boldface limits apply from TMINto TMAX;all other limits TA = TJ 
= 25°C (Notes 3, 4, 5, 6, 7). 


ADC1205CCJ. ADC1225CCD 
ADC1205CCJ-1. ADC1225CCD-1 


Parameter 
Conditions 
Tested 
Design 
Tested 
Dellgn 
Limit 


Typ 
Limit 
Limit 
Typ 
Limit 
Limit 
Units 


(Note 8) 
(Note 9) (Note 10) 
(Note 8) 
(Note 9) 
(Note 10) 


DIGITAL AND DC CHARACTERISTICS (Continued) 


VOUT(1).Logical "1" Output 
Vcc=4.75V 


Voltage (Min) 
lOUT= - 360 /LA 
2.4 
2.4 
2.4 
V 


'OUT= -10 
/LA 
4.5 
4.5 
4.5 
V 


VOUT(O),Logical "0" Output 
Vcc=4.75V 
0.4 
0.4 
0.4 
V 
Voltage (Max) 
IOUT=1.6mA 


lOUT,TRI-STATE Output Leakage VOUT=OV 
-0.01 
-3 
-0.Q1 
-0.3 
-3 
/LA 
Current (Max) 
VOUT=5V 
0.Q1 
3 
0.Q1 
0.3 
3 
/LA 


ISOURCE,Output Source Current 
VOUT=OV 
-12 
-6.0 
-12 
-7.0 
-6.0 
mA 
(Min) 
. 


ISINK'Output Sink Current (Min) 
VOUT=5V 
16 
8.0 
16 
9.0 
8.0 
mA 


Dice, DVce Supply Current (Max) fClK= 1 MHz,~= 
1 
1 
3 
1 
2.5 
3 
mA 


Alce, AVce Supply Current (Max) fClK=l 
MHz,~=l 
1 
3 
1 
2.5 
3 
mA 


1-. V- SupplyCurrent(Max) 
fClK= 1 MHz,~= 
1 
10 
100 
10 
100 
100 
/LA 


AC Electrical Characteristics 
The following specifications apply for DVce = AVCC= 5.0V. lr = tf = 20 ns and TA= 25°C unless otherwise specified. 


Typ 
Tested 
Design 
Limit 
Parameter 
Conditions 
Limit 
Limit 
(Note 8) 
(Note 9) 
(Note 10) 
Units 


fClK, Clock Frequency 
MIN 
1.0 
0.3 
MHz 


MAX 
1.0 
1.5 
MHz 


Clock Duty Cycle 
MIN 
40 
% 


MAX 
60 
% 


TC' Conversion Time 
MIN 
108 
1/fClK 


MAX 
109 
l/fClK 


MIN 
fClK=1.0MHz 
108 
/Ls 


MAX 
fClK = 1.0 MHz 
109 
/Ls 


tWlWR)l.WR Pulse Width 
MAX 
220 
350 
ns 


tAce, Access Time (Delay from 
Cl=100pF 
210 
340 
ns 


Falling Edge of RD to 
Output Data Valid) (Max) 


t1H,toH,TRI-STATE Control (Delay 
Rl = 2k, Cl = 100 pF 
170 
290 
ns 


from Rising Edge of RD to 
Hi-Z State) (Max) 


tp~EADYOUn, 
RD or WR to 
250 
400 
ns 
R 
DYOUT Delay (Max) 


tpD(INn,RD or WR to Reset of INT 
250 
400 
ns 


(Max) 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 


the device beyond its specified operating 
ratings. 
Not. 2: All voltages are measured with respect to ground. unless otherwise 
specified. 


NoN 3: A parasitic zener diode exists internally from AVec and DVCC to ground. This parasitic zener has a typical breakdown 
voltage of 7 Voc. 


• 


V~ 
TUH/5676-4 


Errors in the AID 
conversion 
can occur if these diodes are forward biased more than 50 mY. This means that if AVec and DVcc are minimum (4.75 Vocl and V- 
is 


minimum (-4.75Vocl, 
full-scale 
must be ,; 4.BVec. 


Note 
5: A diode exists between analog Vcc and digital Vc. 


II 


AVec 
~ 
TO INTERNAL 
CIRCUITRY 


OVee I3-f.-.1..... 
TO INTERNAL 
CIRCUITRY 
I 
I 
TL/H/5676-20 


To guarantee 
accuracy, it is required that the AVec and aVec be connected 
together to a power supply with separate bypass filters at each Vcc pin. 


Note 6: A diode exists between analog ground and digital ground. 


ANALOG GROUND 
~ 
TO INTERNAL 
CIRCUITRY 


OIGITAL GROUND 
~ 
TD INTERNAL 
CIRCUITRY 


To guarantee 
accuracy, it Is required that the analog ground and digital ground be connected 
together 
externally. 


Note 7: Accuracy 
is guaranteed 
at felK = 1.0 MHz. At higher clock frequencies 
accuracy may degrade. 


Note 8: Typicals are at 25°C and represent 
most likely parametric 
norm. 


Nole 9: Tested and guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 
10: Guaranteed, 
but not 100% production 
tested. These limits are not used to calculate 
outgoing quality levels. 


Note 11: Linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line which passes through positive full scale and zero, 


after adjusting zero error. (See Figures 
1b and 1e). 


Note 
12: Human body model; 100 pF discharged 
through a 1.5 kfi 
resistor. 
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I£UO WIU] C::lmicroproces- 
sor, starting an A-to-D conversion is like writing to an exter- 
nal memory location. The WR and CS lines are used to start 
the conversion. The simplified logic (Figure 
6) shows that 
the falling edge of WR with CS low clocks the D-type flip- 
flop and initiates the conversion sequence. A new conver- 
sion can therefore be restarted before the end of the previ- 
ous sequence. INT going low indicates the conversion's 
end. 


1.2 THE CONVERSION PROCESS(Numbers designated 
by [ ] refer to portions of Figure 6.) 


The SARS LOGIC [2] controls the A-to-D conversion pro- 
cess. When 'sars' goes high the clock (c1k)is gated to the 
TIMING GENERATOR [9]. One of the outputs of the TIM- 
ING GENERATOR, Tz, provides the clock for the Succes- 
sive Approximation Register, SAR LOGIC [5]. The Tz clock 
rate is 'Is of the CLK IN frequency. 
Inputs to the 12-BIT DAC [11] and control of the SAMPLED 
DATA COMPARATOR [10] sign logic are provided by the 
SAR LOGIC. The first step in the conversion process is to 
set the sign to positive (logic '0') and the input of the DAC to 
000 (HEX notation). If the differential input, VIN(+)-VIN(-), 
is positive the sign bit will remain low. If it is negative the 
sign bit will be set high. Differential inputs of only a few 
hundred microvolts are enough to provide full logic swings 
at the output of the SAMPLED DATA COMPARATOR. 
The sign bit indicates the polarity of the differential input. If it 
is set high, the negative input must have been greater than 
the positive input. By reversing the polarity of the differential 
input, VIN(+) and VIN(-) are interchanged and the DAC 
sees the negative input as positive. The input polarity rever- 
sal is done digitally by changing the timing on the input sam- 
pling switches of the SAMPLED DATA COMPARATOR. 
Thus, with almost no additional circuitry, the AID is extend- 
ed from a unipolar 12-bit to a bipolar 12-bit (12-bit plus sign) 
device. 
After determining the input polarity, the conversion pro- 
ceeds with the successive approximation process. The SAR 
LOGIC successively tries each bit of the 12-BIT DAC. The 
most significant bit (MSB), B11, has a weight of % of VREF. 
The next bit, B10, has a weight of V. VREF.Each successive 
bit is reduced in weight by a factor of 2 which gives the least 
significant bit (LSB) a weight of 1/4096 VREF. 
When the MSB is tried, the comparator compares the DAC 
output, VREF/2, to the analog input. If the analog input is 
greater than VREF/2the comparator tells the SAR LOGICto 
set the MSB. If the analog input is less than VREF/2 the 
comparator tells the SAR LOGIC to reset the MSB. On the 
next bit-test the DAC output will either be % VREFor Y4 
VREFdepending on whether the MSB was set or not. Fol- 
lowing this sequence through for each successive bit will 
approximate the analog input to within 1-bit (one part in 
4096). 


On completion of the LSB bit-test the conversion-complete 
flip-flop (CC) is set, signifying that the conversion is finished. 
The end-of-conversion (EOC) and interrupt (INT) lines are 
not changed at this time. Some internal housekeeping tasks 
must be completed before the outside world is notified that 
the conversion is finished. 


ri:1UUII lur 
C1r1t1W t;Uflvt:m:ilon. 
I n1S means 
ln81 
wnen 
cu\J 


goes high, a new conversion can be immediately started 
since the internal logic has already been reset. In the same 
way, data is transferred to the OUTPUT LATCH prior to is- 
suing an interrupt. This assures that data can be read imme- 
diately after INT goes low. 


2.0 READING THE AID 


The ADC 1225 makes all thirteen bits of the conversion 
result available in parallel. Taking CS and RD low enables 
the TRI-STATE~ output buffers. The conversion result is 
represented in 2's complement format. 


The ADC1205 makes the conversion result available in two 
eight-bit bytes. The output format is 2's complement with 
extended sign. Data is right justified and presented high 
byte first. With CS low and STATUS high, the high byte 
(DB12-DB8) will be enabled on the output buffers the first 
time RD goes low. When RD goes Iowa second time, the 
low byte (DB7-DBO) will be enabled. On each read opera- 
tion, the 'byst' flip-flop is toggled so that on successive 
reads alternate bytes will be available on the outputs. The 
'byst' flip-flop is always reset to the high byte at the end of a 
conversion. Table 1 below shows the data bit locations on 
the ADC1205. 


The ADC1205's STATUS pin makes it possible to read the 
conversion status and the state of the 'byst' flip-flop. With 
RD, STATUS and CS low, this information appears on the 
data bus. The 'byst' status appears on pin 18 (DB2/DB10). 
A low output on pin 18 indicates that the next data read will 
be the high byte. A high output indicates that the next data 
read will be the low byte. A high status bit on pin 22 (DB6/ 
DB12) indicates that the conversion is in progress. A high 
output appears on pin 17 (DB1/DB9) when the conversion 
is completed and the data has been transferred to the out- 
put latch. A high output on pin 16 (DBO/DB8) indicates that 
the conversion has been completed and the data is ready to 
read. This status bit is reset when a new conversion is initia- 
ted, data is read, or status is read. When reading status or a 
conversion result, STATUS should always change states at 
least 600 ns before AD goes low. If the conversion status 
information is not needed, the ~ 
pin should be hard- 
wired to V+. Table 2 summarizes the meanings of the four 
status bits. 


TABLE I. Data Bit Locations, ADC1205 


HIGH BYTE DB12 DB12 DB12 DB12 DB11 DB10 DB9 DB8 


LOW BYTE DB7 
DB6 
DB5 
DB4 
DB3 
DB2 DB1 DB 


Status 
Status 
Condition to 
Bit 
Bit 
Meaning 
Clear Status 
Location 
Bit 


DB6 
SARS 
"High" indicates that 
the conversion is in 
progress 


DB2 
BYST 
"Low" indicates that 
Status write 
the next data read is 
or toggle it 


the high byte. 
with data 


"High" indicates that 
read 
the next data read is 
the low byte 
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FIGURE 9 


Functional Description 
(Continued) 
TABLE II. Status Bit Locations and Meanings 
(Continued) 


Status 
Status 
Condition to 
Bit 
Bit 
Meaning 
Clear Status 
Location 
Bit 


DB1 
EOC 
"High" indicates that 
the conversion is 
completed and data is 
transferred to the 
_ 
output latch, 


DBO 
INT 
"High" indicates that 
Data read or 
it is the end of the 
status read 
conversion and the 
or status 
data is ready to read 
write 


3.0 INTERFACE 


3.1 RESET OF INTERRUPT 


JiiIT goes low at the end of the conversion and indicates that 
data is transferred to the output latch. By reading data, INT 
will be reset to high on the leading edge of the first read (RD 
going low). INT is also reset on the leading (falling) edge of 
WR when starting a conversion. 


3.2 READY OUT 
To simplify the hardware connection to high speed micro- 
processors, a READY OUT line is provided. This allows the 
A-to-D to insert a wait state in the ",p's read cycle. The 
eqUivalentcircuit and the timing diagram for READY OUT is 
shown in Figures 
7 and 8. 


eS.RD~ 
eS·WR 


READY OUT 


ce 


TLiH/5676-9 


FIGURE 7. READY OUT Equivalent Circuit 


, 
1 


lPOIREADY 
OUT) 
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FIGURE 8. READY OUT Timing Diagram 


3.3 RESETTINGTHE AID 
All the internal logic can be reset, which will abort any con· 
version in process and reset the status bits. The reset func- 
tion is achieved by performing a status write (CS, WR and 
STATUS are low). 


3.4 ADDITIONAL TIMING AND INTERFACE OPTIONS 


ADC1225 
1. WR and RD can be tied together with CS low continu- 
ously or strobed. The previous conversion's data will be 
available when the WR and RD are low as shown below. 


One drawback is that, since the conversion is started on the 
falling edge and the data read on the rising edge of WR/RD, 
the first data access will have erroneous information de- 
pending on the power-up state of the internal output latch- 
es. 
If the WR/RD strobe is longer than the conversion time, 
INTR will never go low to signal the end of a conversion. 
The conversion will be completed and the output latches will 
be updated. In this case the READY OUT signal can be 
used to sense the end of the conversion since it will go low 
when the output latches are being updated. 


Functional Description 
(Continued) 
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Functional Description 
(Continued) 


CS 


WR 
~ 
~ 
__ 
I 
'. 
T 
I:~ 
T__ 


LJ 
L.J 


DATA 


(DBO-DB12) 
______ 
o#X~ 
O_L_D_D_A_TA 
X 
NEW 
DATA 


When using this method of conversion only one strobe is 
necessary and the rising edge of WR/RD can be used' to 
read the current conversion results. These methods reduce 
the throughput time of the conversion since the RD and WR 
'cycles are combined. 


2. With the standard timing WR pulse'width longer than the 
conversion time a conversion is completed but the INTR will 
never go low to signal the end of a conversion. The output 
latches will be updated and valid information will be avail- 
able when the RD cycle is accomplished. 


CS 


RD 


INTR 


WR 


READY 
OUT 


3. Tying CS and RD low continuously and strobing WR to 
initiate a conversion will also yield valid data. The INTR will 
never go low to signal the end of a conversion and the 
digital outputs will always be enabled, so using INTR to 
strobe the WR line for a continuous conversion cannot be 
done with this part. 


A simple stand-alone circuit can be accomplished by driving 
WR with the inverse 01the READY OUT signal using a sim- 
ple inverter as shown below. 
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ADC1205 since two AD strobes are necessary to retrieve 
the 13 bits of information on the 8 bit data bus. Simulta- 
neously strobing WR and RD low will enable the most signif- 
icant byte on DBO-DB7 and start a conversion. Pulsing 
WR'/Rri low before the end of this conversion will enable 
the least significant byte of data on the outputs and restart a 
conversion. 


sions with the VIN(+) input voltage at full-scale. For continu- 
ous conversions with a 1 MHz clock frequency and the 
VIN(+) input at 5V, the average input current is approximate- 
ly 5 1J.A.For this reason bypass capacitors should not be 
used at the analog inputs for high resistance sources 
(RSOURCE100 11). 
If input bypass capacitors are necessary for noise filtering 
and high source resistance is desirable to minimize capacitor 
size, the detrimental effects of the voltage drop across this 
input resistance, due to the average value of the input cur- 
rent, can be minimized with a full-scale adjustment while the 
given source resistance and input bypass capacitor are both 
in place. This is effective because the average value of the 
input current is a linear function of the differential input volt- 
age. 


5.4 INPUT SOURCE 
RESISTANCE 


Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors as the input cur- 
rents settle out prior to the comparison time. If a low pass 
filter is required in the system, use a low valued series resis- 
tor (R:>;10011) for a passive RC section or add an op amp 
RC active low pass filter. For low source resistance applica- 
tions, (RSOURCE:>;10011) a 0.001 1J.Fbypass capacitor at 
the inputs will prevent pickup due to series lead inductance 
of a long wire. A 100 11series resistor can be used to isolate 
this capacitor - both the Rand 
C are placed outside the 
feedback loop - from the output of an op amp, if used. 


5.5 NOISE 


The leads to the analog inputs should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to these inputs can cause 
errors. Input filtering can be used to reduce the effects of 
these sources, but careful note should be taken of sections 
5.3 and 5.4 if this route is taken. 


6.0 POWER 
SUPPLIES 
Noise spikes on the VCCsupply line can cause conversion 
errors as the comparator will respond to this noise. Low 
inductance tantalum capacitors of 1 1J.For greater are rec- 
ommended for supply bypassing. Separate bypass caps 
should be placed close to the DVec and AVec pins. If an 
unregulated voltage source is available in the system, a sep- 
arate LM340LAZ-5.0 voltage regulator for the A-to-D's VCC 
(and other analog circuitry) will greatly reduce digital noise 
on the supply line. 


7.0 ERRORS 
AND REFERENCE 
VOLTAGE 
ADJUSTMENTS 


7.1 ZERO ADJUST 
The zero error of the AID converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the VIN(_) input and applying a small 
magnitude positive voltage to the VIN(+) input. Zero error is 
the difference between the actual DC input voltage neces- 
sary to just cause an output digital code transition from all 
zeroes to 0,0000,0000,0001 and the ideal Yo LSB value ('/. 
LSB= 0.61 mV for VREF=5 Voc). Zero error can be adjust- 
ed as shown in Figure 
15. VIN(+) is forced to 0.61 mV, and 
VIN(-) is forced to OV.The potentiometer is adjusted until 
the 
digital 
output 
code 
changes 
from 
all 
zeroes 
to 
0,000,0000,0001. 


4.0 REFERENCE 
VOLTAGE 


The voltage applied to the reference input of the converter 
defines the voltage span of the analog inputs (the difference 
between VIN(+) and VIN(-), over which 4096 positive out- 
put codes and 4096 negative output codes exist. The 
A·to-D can be used in either ratiometric or absolute refer- 
ence applications. VREF must be connected to a voltage 
source capable of driving the reference input resistance 
(typically 4 kll). 


In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the AID reference. When this 
voltage is the system power supply, the VREFpin can be 
tied to Vec. This technique relaxes the stability requirement 
of the system reference as the analog input and AID refer- 
ence move together maintaining the same output code for a 
given input condition. 


For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 


5.0 THE ANALOG 
INPUTS 


5.1 DIFFERENTIAL 
VOLTAGE 
INPUTS 
AND COMMON 


MODE REJECTION 
The differential inputs of the ADC1225 and ADC1205 actu- 
ally reduce the effects of common-mode input noise, i.e., 
signals common to both VIN(+) and VIN(-) inputs (60 Hz is 
most typical). The time interval between sampling the ••+.. 
and" -" 
input is 4 clock periods. Therefore, a change in the 


common-mode voltage during this short time interval may 
cause conversion errors. For a sinusoidal common-mode 
signal the error would be: 


4 


VERROR(MAX)= VPEAK(27l'fCM)-fClK 
where fCM is the frequency of the common-mode signal, 
VPEAKis its peak voltage value and fClK is the converter's 
clock frequency. In most cases VERRORwill not be signifi- 
cant. For a 60 Hz common-mode signal to generate a '14 
LSB error (300 1J.V) with the converter running at 1 MHz its 
peak value would have to be 200mV. 


5.2 INPUT CURRENT 


Due to the sampling nature of the analog inputs, short dura- 
tion spikes of current enter the" +..input and exit the" - •• 
input at the leading clock edges during the actual conver- 
sion. These currents decay rapidly and do not cause errors 
as the internal comparator is strobed at the end of a clock 
period. 


5.3 INPUT 
BYPASS 
CAPACITORS 


Bypass capacitors at the inputs will average the current 
spikes mentioned in 5.2 and cause a DC current to flow 


Functional Description 
(Continued) 


A simpler, 
although 
slightly 
less 
accurate, 
approach 
is to 


ground 
VIN(+) and VIN(-), and 
adjust 
for all zeros 
at the 


output. 
Error will be well under V. LSB if the adjustment 
is 


done 
so 
that 
the 
potentiometer 
is "centered" 
within 
the 


0,000,000 
range. 
A positive 
voltage 
at the 
Vas 
input 
will 


reduce 
the 
output 
code. 
The 
adjustment 
range 
is + 4 to 


-30 LSB. 


VIN(+) 


V1N(-) 


VREf 
Vos 


FIGURE 
15. Zero 
Adjust 
Circuit 


7.2 POSITIVE 
AND NEGATIVE 
FULL-SCALE 


ADJUSTMENT 


Unipolar 
Inputs 


Apply a differential 
input voltage 
which 
is 1.5 LSB below the 


desired 
analog 
full-scale 
voltage 
(VF) and adjust the magni- 


-Input must have some 


current return path to 


signal ground 


tude of the VREF input so that the output 
code is just chang- 


ing from 0,1111,1111,1110 
to 0,1111,1111,1111. 


Bipolar 
Inputs 


Do the same procedure 
outlined 
above for the unipolar 
case 


and then 
change 
the differential 
input voltage 
so that 
the 


digital 
output 
code 
is just changing 
from 
1,0000,0000,0001 


to 1,0000,0000,0000. 
Record 
the differential 
input voltage, 


Vx. 
the 
ideal 
differential 
input 
voltage 
for 
that 
transition 


should 
be; 


( -VF + .::!L) 
8192 


Calculate 
the difference 
between 
Vx and the ideal voltage; 


t.. = Vx - 
(-VF 
+.::!L) 
8192 


Then 
apply a differential 
input voltage 
of; 


(Vx - %) 


and 
adjust 
the 
magnitude 
of VREF 
so 
the 
digital 
output 


code 
is 
just 
changing 
from 
1,0000,0000,0001 
to 


1,0000,0000,0000. 
That will obtain the positive 
and negative 


full-scale 
transition 
with symmetrical 
minimum 
error. 


Vcc 
(5 Vuc) 


+1'10~ 


ADC1205 
ADC1225 
I 


Operating 
with Ratlometrlc 
Transducers 


Vee 
(5 Vue) 


'V'N(-) 
~ 0.15 Vex; 


15% of Vee 
s: VXDR s: 85% of Vex; 


Bipolar 
Input Temperature 
Converter 


5V 


+ 150 to - 55·C with 0.04·C resolution 


Note: • resistors are 1% metal film types 


+ 
~10,.f 


2.5k 
SCALE 
AD./UST 


Note; 1)* resistors are 1% metal film types 


2) LF41 2 power + 10V and ground 


+ 


T01T10,.f 


AOC1205CCJ-1 


J24A 


ADC1225CCO-1 


0280 


AOC1205CCJ 


J24A 


ADC1225CCO 


0280 


t!lNational 
Semiconductor 


ADC12062 
12-Bit,1 MHz, 75 mW A/D Converter 
with Input Multiplexer and Sample/Hold 


General Description 


Using 
an 
innovative 
multistep 
conversion 
technique, 
the 
12-bit ADC12062 
CMOS analog-to-digital 
converter 
digitizes 
signals 
at a 1 MHz sampling 
rate while 
consuming 
a maxi- 
mum 
of 
only 
75 
mW 
on 
a 
single 
+ 5V 
supply. 
The 
ADC12062 
performs 
a 12-bit conversion 
in three 
lower-res- 
olution 
"flash" 
conversions, 
yielding 
a fast AID 
without 
the 
cost 
and 
power 
dissipation 
associated 
with 
true 
flash 
ap- 
proaches. 


The analog 
input voltage 
to the ADC12062 
is tracked 
and 
held by an internal 
sampling 
circuit, 
allowing 
high frequency 
input signals 
to be accurately 
digitized 
without 
the need for 
an external 
sample-and-hold 
circuit. 
The multiplexer 
output 
is available 
to the user in order to perform 
additional 
exter- 
nal signal 
processing 
before 
the signal 
is digitized. 


When the converter 
is not digitizing 
signals, 
it can be placed 
in the 
Standby 
mode; 
typical 
power 
consumption 
in this 
mode 
Is 100 p.W. 


Features 


• 
Built-in 
sample-and-hold 


• 
Single + 5V supply 
• 
Single 
channel 
or 2 channel 
multiplexer 
operation 


• 
Low Power 
Standby 
mode 


Key Specifications 


• 
Sampling 
rate 


• 
Conversion 
time 


• 
Signal-to-Noise 
Ratio, fiN = 100 kHz 


• 
Power 
dissipation 
(fs = 1 MHz) 


• 
No missing 
codes 
over temperature 


Applications 


• 
Digital 
signal 
processor 
front 
ends 


• 
Instrumentation 


• 
Disk drives 
• 
Mobile 
telecommunications 


• 
Waveform 
digitizers 


1 MHz (min) 


740 ns (typ) 


69.5 dB (min) 


, 
75 mW (max) 


Guaranteed 
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Industrial 
( - 40°C s: TA s: +85°) 
Package 


ADC12062BIV 
V44 Plastic Leaded Chip Carrier 


ADC12062BIVF 
VGZ44A 
Plastic Quad Flat Package 


ADC12062ClV 
V44 Plastic Leaded Chip Carrier 


ADC12062CIVF 
VGZ44A 
Plastic Quad Flat Package 


ADC12062EVAL 
Evaluation 
Board 


• 


Absolute Maximum Ratings 
(Notes 
1,2) 


If Military/Aerospace 
specified devices are required, 
Soldering 
Information 
(Note 6) 


please 
contact 
the 
National 
Semiconductor 
Sales 
V Package, 
Infrared, 
15 seconds 
+300'C 
Office/Distributors for availability and specifications. 
VF Package 


Supply Voltage 
(Vee = DVee = AVeC> 
-0.3Vto 
+6V 
Vapor Phase (60 seconds) 
+215'C 


Voltage 
at Any Input or Output 
-0.3V 
to Vee 
+ 0.3V 
Infrared 
(15 seconds) 
+ 220'C 


Input Current 
at Any Pin (Note 3) 
25mA 
Storage 
Temperature 
Range 
-65'C 
to + 150'C 


Package 
Input Current 
(Note 3) 
50mA 
Maximum 
Junction 
Temperature 
(TJMAX) 
150'C 


Power Dissipation 
(Note 4) 
875mW 
Operating Ratings 
(Notes 
1, 2) 
ESD Susceptibility 
(Note 5) 
2000V 
Temperature 
Range 
TMIN ,;; TA';; 
TMAX 


ADC12062BIV, 
ADC12062CIV, 


ADC12062BIVF,ADC12062CIVF 
-40'C';; 
TA';; 
+85'C 


Supply Voltage 
Range (DVee = AVeC> 
4.5Vto 
5.5V 


Converter 
Characteristics 
The following 
specifications 
apply for DVee = AVec 
= 
+5V, 
VREF+(SENSE) = 
+4.096V, 
VREF-(SENSE) 
= AGND, 
and fs = 1 MHz, unless otherwise 
specified. 
Boldface 
limits apply for TA = T•• from 


TIlIN to TIIAX; 
all other 
limits TA = TJ = 
+ 25'C. 


Parameter 
Conditions 
Typ 
Limit 
Units 
Symbol 
(Note 7) 
(Note 8) 
(Limit) 


Resolution 
,. 
12 
Bits 


'.. 


Differential 
Linearity 
Error 
TA = 25'C 
±0.4 
±0.8 
LSB (max) 


TIlIN to TIIAX 
±0.95 
LSB (max) 


Integral 
Linearity 
Error 
TIlIN to TIIAX (BIV Suffix) 
±0.4 
± 1.0 
LSB (max) 


(Note 9) 
TA = + 25'C (CIV Suffix) 
±0.4 
±1.0 
LSB (max) 


TIlIN to TIIAX (CIV Suffix) 
± 1.5 
LSB (max) 


Offset 
Error 
TIlIN to TIIAX (BIV Suffix) 
±0.3 
±1.25 
LSB (max) 


TA = + 25'C 
(CIV Suffix) 
±0.3 
±1.25 
LSB (max) 


TIlIN to TIIAX (CIV Suffix) 
±2.0 
LSB (max) 


Full Scale Error 
TIlIN to TIIAX (BIV SUffix) 
±0.2 
±1.0 
LSB (max) 


TA = + 25'C 
(CIV Suffix) 
±0.2 
± 1.0 
LSB (max) 


TIlIN to TIIAX (CIV Suffix) 
±1.5 
LSB (max) 


Power Supply SensitiVity 
DVee = AVec = 5V ±10% 
± 1.0 
LSB (max) 


(Note 15) 


RREF 
Reference 
Resistance 


r 
500 
o (min) 
750 
1000 
o (max) 


VREF(+) 
VREF + (SENSE) Input Voltage 
I 
AVec 
V (max) 


VREF(-) 
VREF-(SENSE) 
Input Voltage 
AGND 
V (min) 


VIN 
Input Voltage 
Range 
To VIN1, VIN2, or ADC IN 
AVec + 0.05V 
V (max) 


AGND - 
0.05V 
V (min) 


ADC IN Input Leakage 
AGNDtoAVee 
- 
0.3V 
0.1 
3 
I-'A(max) 


CADC 
ADC IN Input Capacitance 
25 
pF 


MUX On-Channel 
Leakage 
AGNDtoAVee 
- 
0.3V 
0.1 
3 
I-'A(max) 


MUX Off-Channel 
Leakage 
AGND to AVec 
- 
0.3V 
0.1 
3 
I-'A(max) 


CMUX 
Multiplexer 
Input Cap 
7 
.~ 


pF 


MUX Off Isolation 
fiN = 100 kHz 
92 
dB 


- 


Dynamic Characteristics 
(Note 
10) The following 
specifications apply for 
DVee 
= 
AVec 
= 
+5V, 


VREF+(SENSE)= +4.096V, VREF-(SENSE)= AGND, Rs = 250, fiN = 100 kHz, 0 dB from fullscale, and fs = 1 MHz, unless 
otherwise specified. Boldface 
limit. 
apply 
for 
TA = T" from 
TMIN to TMAX; all other limits TA = TJ = + 25°C. 


Symbol 
Parameter 
Conditions 
Typ 
Limit 
Units 


(Note 7) 
(Note 8) 
(Umlt) 


SINAD 
Signal-to-Noise Plus 
TMINto 
TMAX 
71 
88.0 
dB (min) 


Distortion Ratio 


SNR 
Signal-to-Noise Ratio 
TMINto 
TMAX 
72 
89.5 
dB (min) 
(Note 11) 


THD 
Total Harmonic Distortion 
TA = +25°C 
-82 
-74 
dBc(max) 
(Note 12) 
TMINtoTMAX 
-70 
dBc(max) 


ENOB 
Effective Number of Bits 
TMINto 
TMAX 
11.5 
11.0 
Bits (min) 
(Note 13) 


IMD 
Intermodulation Distortion 
fiN = 102.3 kHz, 102.7 kHz 
-80 
. 
dBc 


DC Electrical Characteristics 
The 
following 
specifications 
apply 
for 
DVee 
= 
AVec 
= 
+5V, 


VREF+(SENSE)= 
+4.096V, VREF-(SENSE)= AGND, and fs = 1 MHz, unless otherwise specified. Boldfacellmlta 
apply 
for 
TA = T" from 
TMIN to TMAX; all other limits TA = TJ = + 25°C. 


Symbol 
Parameter 
Conditions 
Typ 
Limit 
Units 


(Note 7) 
(Note 8) 
(Umlt) 


VIN(1) 
Logical "1" Inpu1Voltage 
DVce = AVec = +5.5V 
2.0 
V (min) 


VIN(O) 
Logical "0" Input Voltage 
DVee = AVec = +4.5V 
0.8 
V (max) 


IIN(1) 
Logical "1" Input Current 
0.1 
1.0 
/LA(max) 


IINCO) 
Logical "0" Input Current 
0.1 
1.0 
/LA(max) 


VOUT(1) 
Logical "1" Output Voltage 
DVee = AVec = +4.5V, 
lOUT= -360/LA 
2.4 
V (min) 


lOUT= -100/LA 
4.25 
V (min) 


VOUT(O) 
Logical "0" Output Voltage 
DVee = AVec = +4.5V, 
0.4 
V (max) 
lOUT= 1.6mA 


lOUT 
TRI-STATE~ Output 
Pins DBO-DB11 
0.1 
3 
/LA(max) 
Leakage Current 


COUT 
TRI-STATE Output Capacitance 
Pins DBO-DB11 
5 
pF 


CIN 
Digital Input Capacitance 
4 
pF 


Dice 
DVce Supply Current 
2 
3 
mA(max) 


Alec 
AVec Supply Current 
10 
12 
mA(max) 


ISTANDBY 
Standby Current (Dice + AleC> 
PD=OV 
20 
/LA 


.. 


.. 


PI 


Symbol 
Parameter 
Conditions 
Typ 
Limit 
Units 


(Note 
7) 
(Note 
8) 
(Limits) 


fs 
Maximum 
Sampling 
Rate 
1 
MHz (min) 
(l/tTHROUGHPUT) 


teONV 
Conversion 
Time 
740 
600 
ns(min) 


(S/H 
Low to EOC High) 
I 
980 
ns(max) 


tAD 
Aperture 
Delay 
20 
ns 
(5tH 
Low to Input Voltage 
Held) 
,. 


tStH 
SIH 
Pulse Width 
5 
ns(min) 
550 
ns(max) 


tEOC 
SIH 
Low to EOC Low 
95 
60 
ns(min) 
125 
ns (max) 


tACC 
Access 
Time 
CL = 
100pF 
10 
20 
ns(max) 
(RD Low or OE High to Data Valid) 


" 


tlH. toH 
TRI-STATE 
Control 
RL = 
1k, CL =-10 
pF 
25 
40 
ns(max) 
(RD High or OE Low to Databus 
TRI-STATE) 


trnTH 
Delay from RD Low to INT High 
CL = 
100pF 
35 
60 
ns(max) 


lTNiL 
Delay from EOC High to INT Low 
CL = 
100pF 
-25 
-35 
n5(min) 
-10 
ns (max) 


tUPDATE 
EOC High to New Data Valid 
5 
, 
15 
ns(max) 


tMS 
Multiplexer 
Address 
Setup Time 
50 
ns(min) 
(MUX Address 
Valid to EOC Low) 
\ 
, 
, 


tMH 
Multiplexer 
Address 
Hold TimE> 
50 
ns(min) 
(EOC Low to MUX Address 
Invalid) 
r, 
, 


~S 
CS Setup Time 
20 
ns(min) 
(CS Low to RD Low, 5tH 
Low, or OE High) 
. 


~H 
CSHoldTime 
20 
ns(min) 
(CS High after Ri5 High, 5tH 
High, or OE Low) 
; 


twu 
Wake-Up 
Time 
1 
,",5 
(PD High to First SIH 
Low) 


Note 
1: Absolute 
Maximum 
Ratings 
indicate 
limits beyond 
which damage 
to the device 
may occur. Operating 
Ratings 
indicate 
conditions 
for which the device 
is 
functional. 
These 
ratings do not guarantee 
specific performance 
limits, however. 
For guaranteed 
specifications 
and test conditions, 
see the Electrical 
Characteris- 
bes. The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade 
when the device is not operated 
under 
the listed test conditions. 


Note 2: All voltages are measured with respect to GND (GND ~ AGND 
~ DGND), unless otherwise 
specified. 


Note 
3: When 
the input voltage 
(VIN) at any pin exceeds 
the power supply rails {VIN < GND 
or VIN > Vcd the absolute 
value of current 
at that pin should 
be 
limited to 25 mA or less. The 50 mA package input current limits the number of pins that can safely exceed the power supplies with an input current of 25 mA to 
two. 


Note 
4: The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is dictated 
by TJMAX. (}JA and the ambient 
temperature 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is Po = (T JMAX - 
T AJI (J JA or the number 
given in the Absolute 
Maximum 
Ratings, 
whichever 
is lower. (}JA for the V 
(PLCC) 
package 
is 55°C/W. 
8JA for the VF (PQFP) 
package 
is 6'ZC/W. 
In most cases 
the maximum 
derated 
power dissipation 
will be reached 
only during fault 
conditions. 


Note 5: Human body model, 100 pF discharged 
through a '.5 kn resistor. Machine model ESD rating is 200V. 


Note 6: See AN-450 
"Surface 
Mounting 
Methods 
and Their Effect 
on Product 
Reliability" 
or the section 
titled 
"Surface 
Mount" 
found 
in a current 
National 


Semiconductor 
Linear Data Book for other methods of soldering surface mount devices. 


Note 7: Typicals are at +25°C and represent 
most likely parametric 
norm. 


Note 8: Tested limits are guaranteed 
to National's 
AOOL (Average Outgoing Quality Level). 


Note 9: Integral Linearity Error is the maximum deviation from a straight line between the measured offset and full scale endpoints. 


Note 10: Dynamic testing of the ADC12062 is done using the ADC IN input. The input multiplexer adds harmonic distortion at high frequencies. 
See the graph in the 


Typical Performance 
Characteristics 
section for a typical graph of THO performance 
vs input frequency with and without the input multiplexer. 


Note 11: The signal-to-noise 
ratio is the ratio of the signal amplitude to the background 
noise level. Harmonics of the input signal are not included in its calculation. 


Note 12: The contributions 
from the first nine harmonics 
are used in the calculation 
of the THO. 


Note 
13: Effective 
Number of Bits (ENOB) is calculated 
from the measured signal-te-noise 
plus distortion 
ratio (SINAD) using the equation 
ENOB ~ 
(SINAD 
- 
1.76)/6.02. 


Note 14: The digital power supply current takes up to 10 seconds to decay to its final value after PO is pulled low. This prohibits production 
testing of the standby 
current. Some parts may exhibit significantly 
higher standby currents than the 20 "A 
typical. 


Note 15: Power Supply Sensitivity 
is defined as the change in the Offset Error or the Full Scale Error due to a change in the supply voltage. 
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Pin Descriptions 
AVec 
These are the two positive analog supply 
inputs. They should always be connected 
to 
the 
same 
voltage 
source, 
but 
are 
brought out separately to allow for sepa- 
rate bypass capacitors. Each supply pin 
should be bypassed to 
AGND with a 
0.1 fLF ceramic capacitor in parallel with a 
10 fLFtantalum capacitor. 
This is the positive digital supply input. It 
should always be connected to the same 
voltage as the analog supply, AVcc. 
It 
should be bypassed to DGND2 with a 
0.1 fLF ceramic capacitor in parallel with a 
10 ,...Ftantalum capacitor. 
These are the power supply ground pins. 
There are separate analog and digital 
ground pins for separate bypassing of the 
analog and digital supplies. The ground 
pins should be connected to a stable, 
noise-free 
system 
ground. 
All 
of 
the 
ground pins should be returned to the 
same 
potential. 
AGND 
is 
the 
analog 
ground for the converter. DGND1 is the 
ground pin for the digital control lines. 
DGND2 is the ground return for the output 
databus. See Section 6.0 LAYOUT AND 
GROUNDING for more information. 


These are the TRI-STATE output pins, en- 
abled by RD, CS, and OE. 
These are the analog input pins to the mul- 
tiplexer. For accurate conversions, no in- 
put pin (even one that is not selected) 
should be driven more than 50 mV below 
ground or 50 mV above Vcc. 
This is the output of the on-board analog 
input multiplexer. 
This is the direct input to the 12-bit sam- 
pling AID converter. For accurate conver- 
sions, this pin should not be driven more 
than 50 mV below AGND or 50 mV above 
AVec· 
This pin selects the analog input that will 
be connected to the ADC12062 during the 
conversion. The input is selected based on 
the state of SOwhen EOC makes its high- 
to-low transition. low 
selects VIN1, high 
selects VIN2' 


AGND, 
DGND1, 
DGND2 


MODE 
CS 


VREF+(FORCE), 


VREF-(FORCE) 


VREF + (SENSE), 


VREF-(SENSE) 


This pin should be tied to DVcc. 
This is the active low Chip Select control 
input. When low, this pin enables the RD, 
SIH, 
and OE inputs. This pin can be tied 
low. 
This is the active low Interrupt output. 
When using the Interrupt Interface Mode 
(Figure 
1), this output goes low when a 
conversion has been completed and indi- 
cates that the conversion result is avail- 
able in the output latches. This output is 
always high when RD is held low (Figure 
2). 


This is the End-of-Conversion control out- 
put. This output is low during a conversion. 
This is the active low Read control input. 
When RD is low (and CS is low), the INT 
output is reset and (if OE is high) data ap- 
pears on the data bus. This pin can be tied 
low. 
This is the active high Output Enable con- 
trol input. This pin can be thought of as an 
inverted version of the RD input (see Fig- 
ure 6). Data output pins D80-D811 
are 
TRI-STATE when OE is low. Data appears 
on D80-D811 
only when OE is high and 
CS and RD are both low. This pin can be 
tied high. 
This is the SamplelHold control input. The 
analog input signal is held and a new con- 
version is initiated by the falling edge of 
this control input (when CS is low). 
This is the Power Down control input. This 
pin should be held high for normal opera- 
tion. When this pin is pulled low, the device 
goes into a low power standby mode. 
These are the positive and negative volt- 
age reference force inputs, respectively. 
See Section 4, REFERENCE INPUTS, for 
more information. 
These are the positive and negative volt- 
age reference sense pins, respectively. 
See Section 4, REFERENCE INPUTS, for 
more information. 
This pin should be bypassed to AGND with 
a 0.1 fLF ceramic capacitor. 
This pin should be tied to DVcc. • 
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FIGURE 
4. Functional 
Block Diagram 
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ates four more bits, and the final flash resolves the two least 
significant bits. Figure 4 shows the major functional blocks 
of the converter. It consists of a 2%-bit Voltage Estimator, a 
resistor ladder with two different resolution voltage spans, a 
sample/hold capacitor, a 4-bit flash converter with front end 
multiplexer, a digitally corrected DAC, and a capacitive volt- 
age divider. 
The resistor string near the center of the block diagram in 
Figure 4 generates the 6-bit and 10-bit reference voltages 
for the first two conversions. Each of the 16 resistors at the 
bottom of the string is equal to V,024 of the total string resist· 
ance. These resistors form the LSB Ladder' 
and have a 


voltage drop of '1'024 of the total reference voltage (VREF+ 
- 
VREF-) across each of them. The remaining resistors 
form the MSB Ladder. It is comprised of eight groups of 
eight resistors each connected in series (the lowest MSB 
ladder resistor is actually the entire LSB ladder). Each MSB 
Ladder section has 'Is of the total reference voltage across 
it. Within a given MSB ladder section, each of the eight MSB 
resistors has '164 of the total reference voltage across it. Tap 
points are found between all of the resistors in both the 
MSB and LSB ladders. The Comparator Multiplexer can 
connect any of these tap points, in two adjacent groups of 
eight, to the sixteen comparators shown at the right of 
Figure 
4. This function provides the necessary reference 


voltages to the comparators during the first two flash con· 
versions. 
The six comparators, seven-resistor string (Estimator DAC 
ladder), and Estimator Decoder at the left of Figure 4 form 


-Note: 
The weight of each resistor on the LSB ladder is actually equivalent 
to four 12-bit LSl;ls. It is called the LSB ladder because it has the 
highest resolution of all the ladders in the converter. 


VREr+ (SENSE) 


VREr+(rORCE) 


VREf - (rOReE) 


VREr-(SENSE) 


C1\!"" 'U' lIle SiX VOltage I::stlmator comparators. The com- 
parators perform a very low resolution A/D conversion to 
obtain an "estimate" of the input voltage. This estimate is 
used to control the placement of the Comparator Multiplex· 
er, connecting the appropriate MSB ladder section to the 
sixteen flash comparators. A total of only 22 comparators (6 
in the Voltage Estimator and 16 in the flash converter) is 
required to quantize the input to 6 bits, instead of the 64 that 
would be required using a traditional 6·bit flash. 
Prior to a conversion, the Sample/Hold switch is closed, 
allowing the voltage on the S/H capacitor to track the input 
voltage. Switch 1 is in position 1. A conversion begins by 
opening the Sample/Hold switch and latching the output of 
the Voltage Estimator. The estimator decoder then selects 
two adjacent banks of tap points along the MSB ladder. 
These sixteen tap points are then connected to the sixteen 
flash converters. For example, if the input voltage is be- 
tween SA.and 7A. of VREF(VREF= VREF+ - VREF-), the 
estimator decoder instructs the comparator multiplexer to 
select the sixteen tap points between % and % (4/,. and 
8/,.) of VREFand connects them to the sixteen comparators. 
The first flash conversion is now performed, producing the 
first 6 MSBs of data. 
At this point, Voltage Estimator errors as large as '1,. of 
VREFwill be corrected since the comparators are connect- 
ed to ladder voltages that extend beyond the range speci· 
fied by the Voltage Estimator. For example, if (7j,.)VREF 
< VIN < (9A.)VREF,the Voltage Estimator's comparators 
tied to the tap points below (9/,.)VREF will output "1"s 
(000111). This is decoded by the estimator decoder to "10". 
The 16 comparators will be placed on the MSB ladder 


Functional Description 
(Continued) 


tap points between (%)VREFand (%)VREF.This overlap of 
('A6)VREFwill automatically cancel a Voltage Estimator er- 
ror of up to 256 LSBs. If the first flash conversion deter- 
mines that the input voltage is between (%)VREF and 
«"!s)VREF - 
LSB/2), the Voltage Estimator's output code 


will be corrected by subtracting" 1", resulting in a corrected 
value of "01" for the first two MSBs. If the first flash conver- 
sion determines that the input voltage is between ("!s)VREF 
- 
LSB/2) and (%)VREF, the voltage estimator's output 


code is unchanged. 
The results of the first flash and the Voltage Estimator's 
output 
are 
given 
to 
the 
factory-programmed 
on-chip 


EEPROM which returns a correction code corresponding to 
the error of the MSB ladder at that tap. This code is convert- 
ed to a voltage by the Correction DAC.To generate the next 
four bits, SW1 is moved to position 2, so the ladder voltage 
and the correction voltage are subtracted from the input 
voltage. The remainder is applied to the sixteen flash con- 
verters and compared with the 16 tap points from the LSB 
ladder. 
The result of this second conversion is accurate to 10 bits 
and describes the input remainder as a voltage between two 
tap points (VH and VLl on the LSB ladder. To resolve the 
last two bits, the voltage across the ladder resistor (between 
VH and VLl is divided up into 4 equal parts by the capacitive 
voltage divider, shown in Figure 5. The divider also creates 
6 LSBs below VL and 6 LSBs above VH to provide overlap 
used by the digital error correction. SW1 is moved to posi- 
tion 3, and the remainder is compared with these 16 new 
voltages. The output is combined with the results of the 


Voltage Estimator, first flash, and second flash to yield the 
final 12-bit result. 
By using the same sixteen comparators for all three flash 
conversions, the number of comparators needed by the 
multi-step converter is significantly reduced when compared 
to standard multi-step techniques. 


Applications 
Information 


1.0 MODES 
OF OPERATION 
The ADC12062 has two interface modes: An interrupt/read 
mode and a high speed mode. Figures 
1 and 2 show the 


timing diagrams for these interfaces. 
In order to clearly show the relationship between S/H, eg, 
RD, and OE, the control logic decoding section of the 
ADC12062 is shown in Figure 
6. 


Interrupt 
Interface 
As shown in Figure 1,the falling edge of S/H holds the input 
voltage and initiates a conversion. At the end of the conver- 
sion, the EOC output goes high and the INT output goes 
low, indicating that the conversion results are latched and 
may be read by pulling RD low. The falling edge of RD're- 
sets the INT line. Note that CS must be low to enable S/H 
or RD. 


High Speed 
Interface 
This is the fastest interface, shown in Figure 2. Here the 
output data is always present on the databus, and the iNi" to 
RD delay is eliminated. 


II 


2.0 THE ANALOG 
INPUT 


The analog 
input of the ADC12062 
can be modeled 
as two 
small resistances 
in series with the capacitance 
of the input 
hold capacitor 
(CIN). as shown 
in Figure 
7. The SIR" switch 


is closed 
during 
the Sample 
period. 
and open 
during 
Hold. 
The source 
has to charge 
CIN to the input voltage 
within the 


sample 
period. 
Note that the source impedance 
of the input 


voltage 
(RSOURCE) has a direct effect 
on the time it takes to 


charge 
CIN. If RSOURCE is too large. the voltage 
across 
CIN 


will 
not 
settle 
to within 
0.5 
LSBs 
of VSOURCE before 
the 


conversion 
begins. 
and the conversion 
results 
will be incor- 


rect. From a dynamic 
performance 
viewpoint. 
the combina· 
tion 
of 
RSOURCE. RMUX. Rsw. 
and 
CIN form 
a low 
pass 


filter. 
Minimizing 
RSOURCE will 
increase 
the 
frequency 
reo 


sponse 
of the input stage of the converter. 


Typical 
values 
for the components 
shown 
in Figure 
7 are: 
RMUX = 1000.. Rsw 
= 1000.. and CIN = 25 pF. The set· 
tling time to n bits is: 


tSETILE = (RSOURCE + RMUX + Rsw) 
• CIN • n • In (2). 


The bandwidth 
of the input circuit 
is: 


L3dB = 1/(2' 
3.14' 
(RSOURCE + RMUX + Rsw)' 
CIN) 


I 
I 
I 
V1N11 
I 
I 


VlN2 I 
II 
I 
~UX 
OUT I 


For maximum 
performance. 
the 
impedance 
of the 
source 


driving the ADC12062 
should 
be made as small as possible. 


A source 
impedance 
of 1000. 
or less 
is recommended. 
A 


plot of dynamic 
performance 
vs. source 
impedance 
is given 


in the Typical 
Performance 
Characteristics 
section. 


If the signal source 
has a high output 
impedance. 
its output 


should 
be buffered 
with an operational 
amplifier 
capable 
of 


driving a switched 
25 pF/1000. 
load. Any ringing or instabili- 
ties at the op amp's 
output 
during 
the sampling 
period 
can 


result in conversion 
errors. The LM6361 
high speed op amp 


is a good choice 
for this application 
due to its speed 
and its 


ability 
to drive 
large 
capacitive 
loads. 
Figure 
8 shows 
the 


LM6361 
driving 
the 
ADC 
IN input 
of an ADC12062. 
The 


100 pF capacitor 
at the input of the converter 
absorbs 
some 


of 
the 
high 
frequency 
transients 
generated 
by 
the 
SIR" 


switching. 
reducing 
the op amp transient 
response 
require· 


ments. 
The 100 pF capacitor 
should 
only be used with high 


speed 
op amps 
that 
are unconditionally 
stable 
driving 
ca- 


pacitive 
loads. 


I 
I 
I 
I 
I 


ADC IN: 
I 
I 
II 
I 
II._------------------------------ 


./ 
Rsw 


S/H 
~ 
To Comparators 


Sw;lch 
1"N 


Input signal > 
(Through 
~ultiplexer) 


••• 
YIN1'I 


RSW 
S/H ~ 
To Comparators 


Switch 
.1 
C,N 


Another benefit of using a high speed buffer is improved 
THO performance 
when 
using the 
multiplexer of 
the 


AOC12062. The MUX on-resistance is somewhat non-linear 
over input voltage, causing the RC time constant formed by 
CIN,RMUX.and Rsw to vary depending on the input voltage. 
This results in increasing THO with increasing frequency. 
Inserting the buffer between the MUX OUT and the AOC IN 
terminals as shown in Figure 8 will eliminate the loading on 
RMUX.significantly reducing the THO of the multiplexed sys- 
tem. 
Correct converter operation will be obtained for input Yolt- 
ages greater than AGNO - 
50 mV and less than AVec + 


50 mY. Avoid driving the signal source more than 300 mV 
higher than AVec. or more than 300 mV below AGNO. If an 
analog input pin is forced beyond these voltages. the cur- 
rent flowing through that pin should be limited to 25 mA or 
less to avoid permanent damage to the IC. The sum of all 
the overdrive currents into all pins must be less than 50 mA. 
When the input signal is expected to ex1end more than 
300 mV beyond the power supply limits for any reason (un- 
known/uncontrollable il)put voltage range. power-on tran- 
sients, fault conditions, etc.) some form of input protection. 
such as that shown in Figure 9, should be used. 


• 


Applications 
Information 
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3.0 ANALOG 
MULTIPLEXER 


The ADC12062 
has an input multiplexer 
that is controlled 
by 
the logic level on pin SO when 
EOC goes 
low, as shown 
in 
Figures 
1 and 2. Multiplexer 
setup 
and hold times 
with 
re- 
spect 
to the 
S/H 
input 
can 
be determined 
by these 
two 
equations: 


tMS (wrt slFi) = tMS - 
tEOC (min) = 50 
- 
60 = 
-10 
ns 


tMH (wrt slH) = tMH + tEOC (max) = 50 + 125 = 175 ns 


Note that tMS (wrt SiR) is a negative 
number; 
this indicates 
that 
the data 
on SO must 
become 
valid 
within 
10 ns after 
S/H 
goes low in order to meet the setup time requirements. 


SO must be valid for a length 
of 


(tMH + tEOC (max») - 
(tMS - 
tEOC (min»)= 1B5 ns. 


Table 
I shows 
how the input channels 
are assigned: 


TABLE 
I. ADC12062 
Input 
Multiplexer 
Programming 


SO 
Channel 


0 
VIN1 
1 
VIN2 


The output 
of the mUltiplexer 
is available 
to the user via the 
MUX OUT pfn. This output 
allows 
the user to perform 
addi- 
tional 
signal processing, 
such as filtering 
or gain, before 
the 


signal 
is returned 
to the ADC 
IN input 
and digitized. 
If no 
additional 
signal 
processing 
is required, 
the MUX OUT 
pin 
should 
be tied directly 
to the ADC IN pin. 


See Section 
9.0 (APPLICATIONS) 
for a simple 
circuit 
that 
will alternate 
between 
the two inputs while converting 
at full 
speed. 


4.0 REFERENCE 
INPUTS 


In addition 
to the fully differential 
VREF+ 
and VREF- 
refer- 
ence 
inputs 
used 
on most 
National 
Semiconductor 
ADCs, 


the ADC12062 
has two sense 
outputs 
for precision 
control 
of the ladder 
voltage. 
These 
sense 
inputs 
compensate 
for 
errors 
due to IR drops 
between 
the 
reference 
source 
and 
the ladder 
itself. 
The resistance 
of the reference 
ladder 
is 
typically 
750.0.. The parasitic 
resistance 
(Rp) of the package 
leads, 
bond 
wires, 
PCB traces, 
etc. can easily 
be 0.5.0. to 
1.0.0. or more. This may not be significant 
at B-bit or 10-bit 
resolutions, 
but 
at 
12 bits 
it can 
introduce 
voltage 
drops 
causing 
offset 
and gain errors 
as large as 6 LSBs. 


The ADC12062 
provides 
a means 
to eliminate 
this error by 
bringing 
out two additional 
pins that sense the exact voltage 
at the top and bottom 
of the ladder. With the addition 
of two 
op 
amps, 
the 
voltages 
on 
these 
internal 
nodes 
can 
be 
forced 
to the exact value 
desired, 
as shown 
in Figure 
10. 


Vre! = (Vre!. )-(Vref-) 
= '.096V 


Rf = O.Sfi 
(force line impedance) 
Rs = 10n (sense 
line impedance) 
Rladder = 750n 


-2.73V 
/~ 


'.096V 
/ 


"'" 


O.OOOV 


VRE' - (SENSE) 
II 
I 


Applications 
Information 
(Continued) 
Since the current flowing through the SENSE lines is essen- 
tially zero, there is negligible voltage drop across Rs and the 
1 kO resistor, so the voltage at the inverting input of the op 
amp accurately represents the voltage at the top (or bot- 
tom) of the ladder. The op amp drives the FORCE input and 
forces the voltage at the ends of the ladder to equal the 
voltage at the op amps's non-inverting input, plus or minus 
its input offset voltage. For this reason op amps with low 
Vas. such as the lM627 or lM607. should be used for this 
application. When used in this configuration, the ADC12062 
typically has less than 0.5 lSB of offset and gain error with- 
out any user adjustments. 


The 0.1 /'oFand 10 /'oFcapacitors on the force inputs pro- 
vide high frequency decoupling of the reference ladder. The 
5000 force resistors isolate the op amps from this large 
capacitive load. The 0.01 /'oF/l kO network provides zero 
phase shift at high frequencies to ensure stability. Note that 
the op amp supplies in this example must be ± 10V to 
± 15V to meet the input! output voltage range requirements 
of the lM627 
and supply the sub-zero voltage to the 


VREF- 
(FORCE)pin. The VREF/16 output should be by- 
passed to analog ground with a 0.1 /'oFceramic capacitor. 


VREf+ 
(SENSE) 


NC 


4.096V 


~ 


VREf- 
(SENSE) 


NC 


The reference inputs are fully differential and define the 
zero to full-scale range of the input signal. They can be 
configured to span up to 5V (VREF- = OV,VREF+ = 5VJ, 
or they can be connected to different voltages (within the 
OV to 5V limits) when other input spans are required. The 
ADC12062 is tested at VREF- 
(SENSE)= 
OV, VREF+ 


(SENSE)= 4.096V. Reducing the reference voltage span to 
less than 4V increases the sensitivity (reduces the lSB size) 
of the converter; however noise performance degrades 
when lower reference voltages are used. A plot of dynamic 
performance vs reference voltage is given in the Typical 
Performance Characteristics section. 


If the converter will be used in an application where DC 
accuracy is secondary to dynamic performance. then a sim- 
pler reference circuit may suffice. The circuit shown in Fig- 
ure 11 will introduce several lSBs of offset and gain error, 
but INl. DNl, and all dynamic specifications will be unaf- 
fected. 
All bypass capacitors should be located as close to the 
ADC12062 as possible to minimize noise on the reference 
ladder. The VREF/16output should be bypassed to analog 
ground with a 0.1 /'oFceramic capacitor. 


The lM4040 
shunt voltage reference is available with a 


4.096V output voltage. With initial accuracies as low as 
± 0.1%, it makes an excellent reference for the ADC12062. 


4.093V 
/ 


~ 


O.003V 


5.0 POWER SUPPLY CONSIDERATIONS 
The ADC12062 is designed to operate from a single + 5V 
power supply. There are two analog supply pins (AVed and 
one digital supply pin (DVed. These pins allow separate 
external bypass capacitors for the analog and digital por- 
tions of the circuit. To guarantee proper operation of the 
converter, all three supply pins should be connected to the 
same voltage source. In systems with separate analog and 
digital supplies, the converter should be powered from the 
analog supply. 
The ground pins are AGND (analog ground), DGND1 (digital 
input ground), and DGND2 (digital output ground). These 
pins allow for three separate ground planes for these sec- 
tions of the chip. Isolating the analog section from the two 
digital sections reduoes digital interference in the analog cir- 
cuitry, improving the dynamic performance of the converter. 
Separating the digital outputs from the digital inputs (particu- 
larly the slH input) reduces the possibility of ground bounce 
from the 12 data lines causing jitter on the slH input. The 
analog ground plane should be connected to the Digital2 
ground plane at the ground return for the power supply. The 
Digital1 ground plane should be tied to the Digital2 ground 
plane at the DGND1 and DGND2 pins. 
Both AVee pins should be bypassed to the AGND ground 
plane with 0.1 I'-F ceramic capacitors. One of the two AVee 
pins should also be bypassed with a 10 I'-Ftantalum capaci- 
tor. DVCCshould be bypassed to the DGND2 ground plane 
with a 0.1 I'-F capacitor in parallel with a 10 I'-F tantalum 
capacitor. 


6.0 LAYOUT AND GROUNDING 
In order to ensure fast, accurate conversions from the 
ADC12062, it is necessary to use appropriate circuit board 
layout techniques. Separate analog and digital ground 
planes are required to meet datasheet AC and DC limits. 
The analog ground plane should be low-impedance and free 
of noise from other parts of the system. 
All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter's input 
should be connected to a very clean analog ground return 
point. Grounding the component at the wrong point will re- 
sult in increased noise and reduced conversion accuracy. 


Figure 
12 gives an example of a suitable layout, including 


power supply routing, ground plane separation, and bypass 
capacitor placement. All analog circuitry (input amplifiers, 
filters, reference components, etc.) should be placed on the 
analog ground plane. All digital circuitry and 1/0 lines (ex- 
cluding the slH input) should use the digital2 ground plane 
as ground. The digital1 ground plane should only be used 
for the slH signal generation. 


From 
Power 
Supply 


+5V Ground 


FIGURE 12. PC Board Layout 


7.0 DYNAMIC PERFORMANCE 
The ADC12062 is AC tested and its dynamic performance is 
guaranteed. In order to meet these specifications, the clock 
source driving the slH input must be free of jitter. For the 
best AC performance, a crystal oscillator is recommended. 
For operation at or near the ADC12062's 1 MHz maximum 
sampling rate, a 1 MHz squarewave will provide a good sig- 
nal for the slH input. As long as the duty cycle is near 50%, 
the waveform will be low for about 500 ns, which is within 
the 550 ns limit. When operating the ADC12062 at a sample 
rate of 910 kHz or below, the pulse width of the slH signal 
must be smaller than half the sample period. 


Tl 
1 
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Q 7"lr1r 


Tl/H/11490-23 
FIGURE 13. Crystal Clock Source 


Figure 
13 is an example of a low jitter slH pulse generator 


that can be used with the ADC12062 and allow operation at 
sampling rates from DC to 1 MHz. A standard 4-pin DIP 
crystal oscillator provides a stable 1 MHz squarewave. 
Since most DIP oscillators have TIL outputs, a 4.7k pullup 
resistor is used to raise the output high voltage to CMOS 
input levels. The output is fed to the trigger input (falling 
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edge) of an MM74HC4538 one-shot. The 1k resistor and 12 
pF capacitor set the pulse length to approximately 100 ns. 
The StH pulse stream for the converter appears on the Q 
output of the HC4538. This is the StH clock generator used 
on the ADC12062EVAL evaluation board. For lower power, 
a CMOS inverter-based crystal oscillator can be used in 
place of the DIP crystal oscillator. See Application Note 
AN·340 in the National Semiconductor CMOS Logic Data- 
book for more information on CMOS crystal oscillators. 


8.0 COMMON 
APPLICATION 
PITFALLS 


Driving Inputs (analog or digital) outside power supply 
ralls. The Absolute Maximum Ratings state that all inputs 
must be between GND - 300 mV and Vcc + 300 mY. This 
rule is most often broken when the power supply to the 


converter is turned,off, but other devices connected to it (op 
amps, microprocessors) still have power. Note that if there 
is no power to the converter, DGND = AGND = DVCC = 
AVec 
= OV, so all inputs should be within ±300 mV of 


AGND and DGND. 


Driving a high capacitance 
digital data bus. The more 


capacitance the data bus has to charge for each conver- 
sion, the more instantaneous digital current required from 
DVcc and DGND. These large current spikes can couple 
back to the analog section, decreasing the SNR of the con- 
verter. While adequate supply bypassing and separate ana- 
log and digital ground planes will reduce this problem, buff- 
ering the digital data outputs (with a pair of MM74HC541s, 
for example) may be necessary if the converter must drive a 
heavily loaded databus. 
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t!lNational 
Semiconductor 


ADC12662 
12-Bit, 1.5 MHz, 200 mW A/D Converter 
with Input Multiplexer and Sample/Hold 


General Description 


Using 
an 
innovative 
multistep 
conversion 
technique, 
the 


12-bit ADC12662 
CMOS analog-to-digital 
converter 
digitizes 


signals 
at a 1.5 MHz sampling 
rate while consuming 
a maxi- 


mum 
of 
only 
200 
mW 
on 
a 
single 
+ 5V 
supply. 
The 


ADC12662 
performs 
a 12-bit conversion 
in three 
lower-res- 


olution 
"flash" 
conversions, 
yielding 
a fast AID 
without 
the 


cost 
and 
power 
dissipation 
associated 
with 
true flash 
ap- 


proaches. 


The analog 
input voltage 
to the ADC12662 
is tracked 
and 


held by an internal 
sampling 
circuit, 
allowing 
high frequency 


input signals 
to be accurately 
digitized 
without 
the need for 


an external 
sample-and-hold 
circuit. The ADC12662 
feature 


two 
sample-and-hold/flash 
comparator 
sections 
which 
al- 
low the converter 
to acquire 
one 
sample 
while 
converting 


the 
previous. 
This 
pipelining 
technique 
increases 
conver- 


sion speed 
without 
sacrificing 
performance. 
The multiplexer 


output 
is available 
to the user in order to perform 
additional 


external 
signal 
processing 
before 
the signal is digitized. 


When the converter 
is not digitizing 
signals, 
it can be placed 


in the 
Standby 
mode; 
typical 
power 
consumption 
in this 


mode 
is 250 /'oW. 


Features 


• 
Built-in 
sample-and-hold 


• 
Single + 5V supply 
• 
Single 
channel 
or 2 channel 
multiplexer 
operation 


• 
Low Power 
Standby 
mode 


Key Specifications 


• 
Sampling 
rate 


• 
Conversion 
time 
• 
Signal-to-Noise 
Ratio, fiN = 100 kHz 


• 
Power 
dissipation 
(fs = 1.5 MHz) 


• 
No missing 
codes 
over temperature 


Applications 


• 
Digital 
signal 
processor 
front 
ends 


• 
Instrumentation 


• 
Disk drives 
• 
Mobile 
telecommunications 


• 
Waveform 
digitizers 


1.5 MHz (min) 


580 ns (typ) 


67.5 dB (min) 


200 mW (max) 


Guaranteed 


~ 
u 
'" 
g ~ 


+ 
+ 
~ 
>01:: 
>0:. 


Industrial 
( - 40°C';; 
TA ,;; + 85°) 
Package 


ADC12662CIV 
V44 Plastic Leaded 
Chip Carrier 


ADC12662CIVF 
VGZ44A 
Plastic Quad Flat Package 


ADC12062EVAL 
Evaluation 
Board 


• 


Absolute Maximum Ratings 
(Notes 
1, 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 


please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors 
for 
availability 
and specifications. 


Supply Voltage 
(Vee = DVee = AVeC> 
-0.3Vto 
+6V 


Voltage 
at Any Input or Output 
-0.3V 
to Vee 
+ 0.3V 


Input Current 
at Any Pin (Note 3) 
25 mA 


Package 
Input Current 
(Note 3) 
50 mA 


Power 
Dissipation 
(Note 4) 
ADC12662CIV 


ESD Susceptibility 
(Note 5) 


Soldering 
Information 
(Note 6) 
V Package, 
Infrared, 
15 seconds 
+ 3000C 


VF Package 
Vapor Phase (60 seconds) 
215·C 
Infrared 
(15 seconds) 
2200C 


Storage 
Temperature 
Range 
- 65·C to + 1500C 


Maximum 
Junction 
Temperature 
(TJMAxl 
1500C 


Operating Ratings 
(Notes 
1, 2) 


Temperature 
Range 
TMIN ,;; TA ,;; TMAX 


ADC12662CIV, 
ADC12662CIVF 
-40·C';; 
TA ,;; +85·C 


Supply Voltage 
Range (DVee = AVec) 
4.75V to 5.25V 


Converter 
Characteristics 
The following 
specifications 
apply 
for DVee 
= AVec 
= +5V, 
VREF+(SENSE) 
= 


+4.096V, 
VREF-(SENSE) 
= AGND, 
and fs = 1.5 MHz, unless 
otherwise 
specified. 
Boldf.c. 
limit. .pply for TA = T•• 


from TMINto TMAX;all other 
limits TA = TJ = 
+ 25·C. 


875mW 


2000V 


Symbol 
Parameter 
Conditions 
Typ 
Limit 
Units 


(Note 
7) 
(Note 
8) 
(Limit) 


.. 
Resolution 
12 
Bits 


'.'-' 
Differential 
Linearity 
Error 
TMINto 
TMAX 
±0.4 
±0.85 
LSB (max) 


Integral 
Linearity 
Error 
TMINto 
TMAX 
±0.4 
±1.5 
LSB(max) 


(Note 9) 
'" 


Offset 
Error 
TMINto 
TMAX 
±0.3 
±2.0 
LSB (max) 


Full-Scale 
Error 
TMINto 
TMAX 
±0.3 
±1.5 
LSB (max) 


Power Supply Sensitivity 
DVee = AVec 
= 5V ±5% 
±0.75 
LSB (max) 


(Note 15) 


RREF 
Reference 
Resistance 
750 
500 
o (min) 


1000 
o (max) 


VREF(+) 
VREF + (SENSE) Input Voltage 
" 
AVec 
V (max) 


VREF(-) 
VREF-(SENSE) 
Input Voltage 
AQND 
V (min) 


VIN 
Input Voltage 
Range 
To VIN1, VIN2, or ADC IN 
AVCC+0.05V 
V (max) 


AGND - 0.05V 
V (min) 


ADC IN Input Leakage 
AGND to AVec 
- 
0.3V 
0.1 
3 
,..A(max) 


- 


CADe 
ADC IN Input Capacitance 
25 
pF 


MUX On-Channel 
Leakage 
AGND to AVec 
- 
0.3V 
0.1 
3 
,..A(max) 


MUX Off-Channel 
Leakage 
AGND to AVec 
- 
0.3V 
0.1 
3 
,..A(max) 


CMUX 
Multiplexer 
Input Cap 
7 
pF 


MUX Off Isolation 
fiN = 100 kHz 
\ 
92 
dB 


Dynamic Characteristics 
(Note 
10) 
The 
following 
specifications 
apply 
for 
DVCC 
= 
AVec 
= 
+SV, 
VREF + (SENSE) = + 4.096V, 
VREF -(SENSE) = AGND, 
RS = 2S0, fiN = 100 kHz, 0 dB from fullscale, 
and fs = 1.S MHz, unless 
otherwise 
specified. 
Boldfao.llmlts 
apply 
for 
TA = T•• from 
TIlIN to TIIAX; all other 
limits TA = TJ = +2S'C. 


Symbol 
Parameter 
Conditions 
Typ 
Limit 
Units 


(Note 
7) 
(Note 
8) 
(Limit) 


SINAD 
Signal-to-Noise 
Plus 
TIlIN to TIIAX 
70 
87.0 
dB (min) 


Distortion 
Ratio 


SNR 
Signal-to-Noise 
Ratio 
TIlIN to TIIAX 
70 
87.5 
dB (min) 


(Note 11) 


THD 
Total Harmonic 
Distortion 
TIlIN to TIIAX 
-80 
-70 
dBc(max) 


(Note 12) 


ENOB 
Effective 
Number 
of Bits 
TIlIN to 'MAX 
11.3 
10.8 
Bits (min) 


(Note 13) 


IMD 
Intermodulation 
Distortion 
fiN = 88.7 kHz, 89.S kHz 
-80 
dBc 


DC Electrical 
Characteristics 
The 
following 
specifications 
apply 
for 
DVcc 
= 
AVec 
= 
+SV, 
VREF+(SENSE) 
= +4.096V, 
VREF-(SENSE) 
= AGND, 
and fs = 1.S MHz, unless otherwise 
specified. 
Bold'ao.llmlts 
apply 
for 
TA = T•• from 
TIlIN to TIIAX; all other 
limits TA = TJ = +2S'C. 


Symbol 
Parameter 
Conditions 
Typ 
Limit 
Units 


(Note 
7) 
(Note 
8) 
(Limit) 


VIN(1) 
Logical 
"1" 
Input Voltage 
DVec = AVec = +S.SV 
2.0 
V (min) 


VINCO) 
Logical 
"0" 
Input Voltage 
DVcc 
= AVec 
= +4.SV 
0.8 
V (max) 


IINI1l 
Logical 
"1" 
Input Current 
0.1 
1.0 
IJ-A(max) 


IIN(O) 
Logical 
"0" 
Input Current 
0.1 
1.0 
IJ-A(max) 


VOUT(l) 
Logical 
"1" 
Output Voltage 
DVec = AVec = +4.SV, 


lOUT = -360 
IJ-A 
2.4 
V (min) 


lOUT = -100 
IJ-A 
4.28 
V (min) 


VOUTCO) 
Logical 
"0" 
Output Voltage 
DVec = AVec 
= +4.SV, 
0.4 
V (max) 


lOUT = 1.6 mA 


lOUT 
TRI-STATE 
Output 
Pins DBO-DB11 
0.1 
3 
IJ-A(max) 
Leakage 
Current 


COUT 
TRI-STATE 
Output Capacitance 
Pins DBO-DB11 
S 
pF 


CIN 
Digital Input Capacitance 
4 
pF 


Dice 
DVcc 
Supply Current 
2 
3 
mA(max) 


Alec 
AVec 
Supply Current 
32 
37 
mA(max) 


ISTANDBY 
Standby 
Current 
(Dice 
+ Alec) 
j5[j = OV 
SO 
IJ-A • 


AC Electrical 
Characteristics 
The 
following 
specifications 
apply 
for 
DVcc 
= 
AVCC 
= 
+5V, 


VREF + (SENSE) = + 4.096V, 
VREF - (SENSE) = AGND, 
and fs = 1.5 MHz, unless otherwise 
specified. 
Boldface 
limit. 
apply 


for TA = T" from TMIN to TMAX; 
all other 
limits TA = TJ = 
+ 25'C. 


Conditions 
Typ 
Limit 
Units 


Symbol 
Parameter 
(Note 
7) 
(NoteS) 
(Limits) 


fs 
Maximum 
Sampling 
Rate 
1.5 
MHz (min) 


(1 ttTHROUGHPUT) 


tCONV 
Conversion 
Time 
r 
,..•"' 
580 
510 
ns(min) 


(StH 
Low to EOC High) 
I 
660 
ns(max) 


tAD 
Aperture 
Delay 
--'" 


(stH 
Low to Input Voltage 
Held) 
20 
ns 


tStH 
StH 
Pulse Width 
10 
5 
ns(min) 
400 
ns(max) 


tEOC 
StH 
Low to EOC Low 
.- 
I 
60 
ns(min) 
90 
126 
ns(max) 


tACC 
Access 
Time 
CL = 100pF 
10 
20 
~s (max) 
(RD Low or OE High to Data Valid) 
, 


t1H, tOH 
TRI-STATE<i> Control 
RL = 1k, CL = 10 pF 
25 
40 
ns(max) 
(RD High or OE Low to Databus 
TRI-STATE) 


trNTH 
Delay from RD Low to INT High 
CL = 100 pF 
35 
60 
ns (max) 


trNTL 
Delay from EOC High to INT Low 
CL = 100 pF 
-25 
-35 
ns(min) 
-10 
ns(max) 


tUPDATE 
EOC High to New Data Valid 
5 
15 
ns (max) 


tMS 
Multiplexer 
Address 
Setup Time 
50 
ns(min) 
(MUX Address 
Valid to EOC Low) 
, 


tMH 
Multiplexer 
Address 
Hold Time 
,\. 


(EOC Low to MUX Address 
Invalid) 
r 
l 


50 
ns(min) 


tess 
CS Setup Time 
i 
20 
ns(min) 
(CS Low to RD Low, stH 
Low, or OE High) 
- 


tesH 
CS Hold Time 


,.J 


(CS High after RD High, stH 
High, or OE Low) 
I 
20 
ns(min) 


twu 
Wake-Up 
Time 


I 
(,' 


(PO High to First stH 
Low) 
1 
,..S 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional. 
These ratings do not guarantee specific performance 
limits, however. For guaranteed specifications 
and test conditions, 
see the Electrical Characteris- 
tics. The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated under 
the listed test conditions. 


Note 2: All voltages 
are measured with respect to GNo (GNo 
= AGNo 
= oGNo), 
unless othelWise specified. 


Note 3: When the input voltage 
(VIN) at any pin exceeds the power supply rails (VIN < GNo or VIN > Vcd 
the absolute value of current at that pin should be 
limited to 25 mA or less. The 50 mA package input current limits the number of pins that can safely exceed the power supplies with an input current of 25 mA to 
two. 


Note 4: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJMAX, 8JA and the ambient temperature 
TA. The maximum 


allowable power dissipation at any temperature 
is PD = (TJMAX - 
TA)/8JA or the number given in the Absolute Maximum Ratings, whichever 
is lower. 8JA for the V 
(PLCC) package is 55°C/W. 
8JA for the VF (PQFP) package is 62"C/W. 
In most cases the maximum derated power dissipation 
will be reached only during fault 


conditions. 


Note 5: Human body model, 100 pF discharged 
through a 1.5 kn resistor. Machine model ESo rating is 200V. 


Note 
6: See AN·450 
"Surface 
Mounting 
Methods 
and Their Effect on Product 
Reliability" 
or the section 
titled 
"Surface 
Mount" 
found 
in a current 
National 


Semiconductor 
Linear Data Book for other methods of soldering surface mount devices. 


Note 7: Typicals are at +25°C and represent 
most likely parametric 
norm. 


Note 8: Tested limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note I: Integral 
Linearity 
Error is the maximum 
deviation 
from a straight line between 
the me8sured 
offset and full scale endpoints. 


Not. 10: Dynamic testing of the ADC12662 
is done using the ADC IN input. The input multiplexer adds hermonic distortion at high frequencies. 
See the greph in the 
Typical 
Performance 
Characteristics 
section for a typical graph of THO performance 
vs input frequency 
with and without the input multiplexer. 


Not. 11:The signal-to-noise 
retio is the ratio of the signal amplitude to the background 
noise level. Harmonics of the input signal are not inciuded /n its calculation. 


Note 
12: The contributions 
from the first nine harmonics 
are used in the calculation 
of the THO. 


Not. 13: Effective 
Number of Bits (ENOB) is calculated 
from the measured signa/-to-noise 
plus distortion 
ratio (SINAD) using the equation 
ENOB = (SINAD - 


1.76)/6.02. 


Not. 
1.: The digital power supply current takes up to 10 seconds to decay to its finai value after PD is pulled low. This prohibits production 
testing of the standby 


current. 
Some 
parts may exhibit significantly 
higher standby 
currents 
than the 50 jJ.A typical. 


Note 
15: Power Supply Sensitivity 
is defined 
as the change 
in the Offset 
Error or the Full Scale 
Error due to a change 
in the supply voltage. 
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Pin Descriptions 


• 
AVec 
These are the two positive analog supply 
inputs. They should always be connected 
to 
the 
same voltage 
source, 
but 
are 
brought out separately to allow for sepa- 
rate bypass capacitors. Each supply pin 
should be bypassed to 
AGND with a 
0.1 I-'F ceramic capacitor in parallel with a. 
10 I-'F tantalum capacitor. 
This is the positive digital supply input. It 
should always be connected to the same 
voltage as the analog supply, AVec. It 
should be bypassed to DGND2 with a 
0.1 I-'F ceramic capacitor in parallel with a 
10 I-'F tantalum capacitor. 
These are the po:-versupply ground pins. 
There 
are' separate analog and digital 
ground pins for separat~ bypassing of the 
analog and digital supplies. The ground 
pins should be connected to a stable, 
noise-free 
system 
ground. 
All 
of 
the 
ground pins should be returned to the 
same 
potential. 
AGND 
is 
the 
analog 
ground for the converter. DGND1 is the 
ground pin for the digital control lines. 
DGND2 is the ground return for the output 
databus. See Section 6.0 LAYOUT AND 
GROUNDING for more information. 


These are the TRI-STATE output pins, en- 
abled by RD, CS, and OE. 


These are the analog input pins to the mul- 
tiplexer. For accurate conversions, no in- 
put pin (even one that is not selected) 
should be driven more than 50 mV below 
ground or 50 mV above Vec. 


AGND. 
DGND1, 
DGND2 


MODE 
CS 
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2 
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Top View 


This is the output of the on-board analog 
input multiplexer. 


This is the direct input to the 12-bit sam- 
pling AID converter. For accurate conver- 
sions, this pin should not be driven more 
than 50 mV below ground or 50 mV above 
Vcc· 
' 


This pin selects the analog input that will 
be connected to the ADC12662 during the 
conversion. The input is selected based on 
the state of SOwhen EOC makes its high- 
to-low transition. Low selects VIN1. high 
selects VIN2. 
This pin should be tied ,to DGND1. 


This is the active low Chip Select control 
input. When low, this pin enables the RD, 
StH, and OE inputs. This pin can be tied 
low. 
This is the active low Interrupt output. 
When using the Interrupt Interlace Mode 
(Figure 
1), this output goes low when a 


conversion has been completed and indi- 
cates that the conversion result is avail- 
able in the output latches. This output is 
always high when RD is held low (Figure 
2). 


This is the End-of-Conversion control out- 
put. This output is low during a conversion. 
This is the active low Read control input. 
When RD is low (and CS is low), the INi 
output is reset and (if .DE is high) data ap- 
pears on the data bus. This pin can be tied 
low. 
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Pin Descriptions 
(Continued) 


OE 
This is the active high Output Enable con- 
trol input. This pin can be thought of as an 
inverted version of the RD input (see Fig- 
ure 6). Data output pins D60-D611 
are 
TRI-STATE when OE is low. Data appears 
on D60-D611 
only when OE is high and 
~ 
and R5 are both low. This pin can be 
tied high. 
s/H 
This is the SamplelROiil control input. The 
analog input signal is held and a new con- 
version is initiated by the falling edge of 
this control input (when ~ 
is low). 


J5Cj 
This is the Power Down control input. This 
pin should be held high for normal opera- 
tion. When this pin is pulled low, the device 
goes into a low power standby mode. 


VREF+(FORCE),These are the positive and negative volt- 
VREF-(FORCE) age reference force inputs, respectively. 


See Section 4, REFERENCE INPUTS, for 
more information. 


VREF+(SENSE),These are the positive and negative volt- 
VREF-(SENSE) age reference sense pins, respectively. 


See Section 4, REFERENCE INPUTS, for 
more information. 


YREF+ (SENSE) 


YREF+ (FORCE) 


YREF- 
(FORCE) 


YREF- 
(SENSE) 


This pin should be bypassed to AGND with 
a 0.1 J-LFceramic capacitor. 
This pin should be tied to DVcc. 


Functional Description 
The ADC12662 performs a 12-bit analog-te-digital conver- 
sion using a 3 step flash technique. The first flash deter- 
mines the six most significant bits, the second flash gener- 
ates four more bits, and the final flash resolves the two least 
significant bits. Figure 4 shows the major functional blocks 
of the converter. It consists of a 2%-bit Voltage Estimator, a 
resistor ladder with two different resolution voltage spans, a 
sample/hold capacitor, a 4-bit flash converter with front end 
mUltiplexer,a digitally corrected DAC, and a capacitive volt- 
age divider. To pipeline the converter, there are two sam- 
ple/hold capacitors and 4-bit flash sections. which allows 
the converter to acquire the next input sample while con· 
verting the previous one. Only one of the flash converter 
pairs is shown in Figure 4 to reduce complexity. 


Sample 
S/H 
.I.Cap 


Functional Description 
(Continued) 


The resistor string near the center of the block diagram in 
Figure 4 generates the 6-bit and 10-bit reference voltages 
for the first two conversions. Each of the 16 resistors at the 
bottom of the string is equal to '1'024 of the total string resist- 
ance. These resistors form the LSB Ladder· and have a 
voltage drop of '1'024 of the total reference voltage (VREF+ 
- 
VREF-) across each of them. The remaining resistors 


form the MSB Ladder. It is comprised of eight groups of 
eight resistors each connected in series (the lowest MSB 
ladder resistor is actually the entire LSB ladder). Each MSB 
Ladder section has 'Is of the total reference voltage across 
it. Within a given MSB ladder section, each of the eight MSB 
resistors has 'I•.•of the total reference voltage across it. Tap 
points are found between all of the resistors in both the 
MSB and LSB ladders. The Comparator Multiplexer can 
connect any of these tap points, in two adjacent groups of 
eight, to the sixteen comparators shown at the right of Fig- 
ure 4. This function provides the necessary reference volt- 
ages to the comparators during the first two flash conver- 
sions. 


·Note: 
The weight of each resistor on the LSB ladder is actually equwalent 
to four 12-bit LSBs. It is called the LSB ladder because It has tha 
highest resolution 
of all the ladders 
in the converter. 
The six comparators, seven-resistor string (Estimator DAC 
ladder), and Estimator Decoder at the left of Figure 4 form 
the Voltage Estimator. The Estimator DAC, connected be- 
tween VREF+ and VREF-, generates the reference volt- 
ages for the six Voltage Estimator comparators. The com- 
parators perform a very low resolution AID 
conversion to 


obtain an "estimate" of the input voltage. This estimate is 
used to control the placement of the Comparator Multiplex- 
er, connecting the appropriate MSB ladder section to the 
sixteen flash comparators. A total of only 22 comparators (6 
in the Voltage Estimator and 16 in the flash converter) is 
required to quantize the input to 6 bits, instead of the 64 that 
would be required using a traditional 6-bit flash. 


Prior to a conversion, the Sample/Hold switch is closed, 
allowing the voltage on the S/H capacitor to track the input 
voltage. Switch 1 is in position 1. A conversion begins by 
opening the Sample/Hold switch and latching the output of 
the Voltage Estimator. The estimator decoder then selects 
two adjacent banks of tap points along the MSB ladder. 
These sixteen tap points are then connected to the sixteen 
flash converters. For example, if the input voltage is be- 
tween 5/,aand 7/,5of VREF(VREF= VREF+ - VREF-), the 
estimator decoder instructs the comparator multiplexer to 
select the sixteen tap points between % and "Ia ("Aa and 
"J1a)of VREFand connects them to the sixteen flash con- 
verters. The first flash conversion is now performed, produc- 
ing the first 6 MSBs of data. 
At this point, Voltage Estimator errors as large as 'Aa of 
VREFwill be corrected since the flash converters are con- 
nected to ladder voltages that extend beyond the range 
specified 
by 
the 
Voltage 
Estimator. 
For 
example, 
if 


<'I'5)VREF< VIN < ("J1a)VREF,the Voltage Estimator's com- 
parators tied to the tap points below ("J1a)VREFwill output 
"1"s (000111). This is decoded by the estimator decoder to 
"10". The 16 comparators will be placed on the MSB ladder 
tap points between (%)VREFand (%)VREF.This overlap of 
<'I,a)VREFwill automatically cancel a Voltage Estimator er- 
ror of up to 256 LSBs. If the first flash conversion deter- 
mines that the input voltage is between (%)VREF and 
«%)VREF - 
LSB/2), the Voltage Estimator's output code 


will be corrected by SUbtracting"1", resulting in a corrected 
value of "01" for the first two MSBs. If the first flash conver- 
sion 
determines 
that 
the 
input 
voltage 
is 
between 


("f.)VREF - 
LSB/2) and (%)VREF,the voltage estimator's 


output code is unchanged. 
The results of the first flash and the Voltage Estimator's 
output 
are 
given 
to 
the 
factory-programmed 
on-chip 


EEPROM which returns a correction code corresponding to 
the error of the MSB ladder at that tap. This code is convert- 
ed to a voltage by the Correction DAC.To generate the next 
four bits, SW1 is moved to position 2, so the ladder 
voltage and the correction voltage are subtracted from the 
input voltage. The remainder is applied to the sixteen flash 
converters and compared with the 16 tap points from the 
LSB ladder. 


last two bits, the voltage 
across 
the ladder resistor 
(between 
VH and VLl is divided 
up into 4 equal parts by the capacitive 
voltage 
divider, 
shown 
in Figure 5. The divider 
also creates 
6 LSBs below 
VL and 6 LSBs above 
VH to provide 
overlap 
used by the digital 
error 
correction. 
SW1 is moved 
to posi- 
tion 
3, and the remainder 
is compared 
with these 
16 new 
voltages. 
The 
output 
is combined 
with 
the 
results 
of the 
Voltage 
Estimator, 
first flash, 
and second 
flash 
to yield the 
final 
12-bit result. 


By using 
the 
same 
sixteen 
comparators 
for all three 
flash 
conversions, 
the 
number 
of 
comparators 
needed 
by the 
multi-step 
converter 
is significantly 
reduced 
when compared 
to standard 
multi-step 
techniques. 


timing 
diagrams 
for these 
interfaces. 


In order to clearly 
show the relationship 
between 
SIH, ~, 
RD, 
and 
OE, 
the 
control 
logic 
decoding 
section 
of 
the 
ADC12662 
is shown 
in Figure 6. 


Interrupt 
Interface 


As shown in Figure 1, the falling edge of SIR holds the input 
voltage 
and initiates 
a conversion. 
At the end of the conver- 
sion, the 
EOC output 
goes 
high and the 
INT output 
goes 
low, indicating 
that 
the conversion 
results 
are latched 
and 
may be read by pulling 
RD low. The falling 
edge 
of RD re- 


sets the INT line. Note that ~ 
must be low to enable 
SIR 
or RD. 


High Speed 
Interface 


The Interrupt 
interface 
works 
well at lower 
speeds, 
but few 
microprocessors 
could 
keep up with the 1 fLs interrupts 
that 
would 
be generated 
if the 
ADC12662 
was 
running 
at full 
speed. 
The 
most 
efficient 
interface 
is shown 
in Figure 2. 
Here the output 
data is always 
present 
on the databus, 
and 
the INT to RD delay 
is eliminated. 


The analog 
input of the AOG12662 
can be modeled 
as two 
small resistances 
in series with the capacitance 
of the input 


hold capacitor 
(GIN), as shown 
in Figure 
7. The SIR 
switch 


is closed 
during 
the Sample 
period, 
and open 
during 
Hold. 
The source 
has to charge 
GIN to the input voltage 
within the 
sample 
period. 
Note that the source 
impedance 
of the input 


voltage 
(RSOURCE) has a direct effect 
on the time it takes to 
charge 
GIN. If RSOURCE is too large,'the 
voltage 
across 
GIN 


will 
not 
settle 
to within 
0.5 
LSBs 
of VSOURCE before 
the 


conversion 
begins, 
and the conversion 
results 
will be incor- 
rect. From a dynamic 
performance 
viewpoint, 
the combina- 


tion 
of 
RSOURCE, RMUX, Rsw, 
and 
GIN form 
a low 
pass 
filter. 
Minimizing 
RSOURCE will increase 
the 
frequency 
re- 
sponse 
of the input stage of the converter. 


Typical 
values 
for the components 
shown 
in Figure 
7 are: 
RMUX = lOaD., Rsw = lOaD., and GIN = 25 pF. The set- 
tling time to n bits is: 


tSETILE 
= (RSOURCE + RMUX + Rsw) 
• GIN' 
n • In (2). 


The bandwidth 
of the input circuit 
is: 


L3dB = 1/(2' 
3.14' 
(RSOURCE + RMUX + Rsw)' 
GIN) 


The AOG12662 
is operated 
in a pipelined 
sequence, 
with 
one hold capacitor 
acquiring 
the next sample 
while 
a con- 
version 
is being 
performed 
on the 
voltage 
stored 
on the 
other 
hold capacitor. 
This gives the source 
over !cONV sec- 
onds 
to 
charge 
the 
hold 
capacitor 
to 
its 
final 
value. 
At 
1.5 MHz, the settling 
time must be less than 667 ns. Using 
the 
settling 
time 
equation 
and 
component 
values 
given, 


I 
I 


V1N1 : 
I 


ADC 
IN I 


IIIIIII 


settle 
to Y2 LSB 
(n = 
13) at full 
speed 
is 
- 2.8 
kD.. To 
ensure 'I. LSB settling 
over temperature 
and device-to-de- 
vice 
variation, 
RSOURCE should 
be a maximum 
of 
500D. 
when 
the converter 
is operated 
at full speed. 


If the signal source 
has a high output 
impedance, 
its output 


should 
be buffered 
with an operational 
amplifier 
capable 
of 


driving a switched 
25 pF/l 
OOD.load. Any ringing or instabili- 


ties at the op amp's 
output 
during 
the sampling 
period 
can 
result in conversion 
errors. The LM6361 
high speed 
op amp 
is a good choice 
for this application 
due to its speed 
and its 


ability 
to drive 
large 
capacitive 
loads. 
Figure 
8 shows 
the 


LM6361 
driving the AOG IN input of an AOG12662. 
The 100 


pF capacitor 
at the input of the converter 
absorbs 
some 
of 


the high frequency 
transients 
generated 
by the SIR 
switch- 


ing, reducing 
the op amp transient 
response 
requirements. 


The 100 pF capacitor 
should 
only be used with high speed 


op amps 
that 
are unconditionally 
stable 
driving 
capacitive 


loads. 


Another 
benefit 
of using 
a high speed 
buffer 
is improved 


THO 
performance 
when 
using 
the 
multiplexer 
of 
the 


AOG12662. 
The MUX on-resistance 
is somewhat 
non-linear 


over input voltage, 
causing 
the RG time constant 
formed 
by 
GIN, RMUX, and Rsw to vary depending 
on the input voltage. 


This 
results 
in increasing 
THO 
with 
increasing 
frequency. 


Inserting 
the buffer 
between 
the MUX OUT and the AOG IN 
terminals 
as shown 
in Figure 
8 will eliminate 
the loading 
on 


RMUX, significantly 
reducing 
the THO of the multiplexed 
sys- 


tem. 


~ 
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Correct converter operation will be obtained for input volt- 
ages greater than AGND - 
50 mV and less than AVec + 


50 mV. Avoid driving the signal source more than 300 mV 
higher than AVec. or more than 300 mV below AGND. If an 
analog input pin is forced beyond these voltages, the cur- 
rent flowing through that pin should be limited to 25 mA or 
less to avoid permanent damage to the IC. The sum of all 


the overdrive currents into all pins must be less than 50 mA. 
When the input signal is expected to extend more than 
300 mV beyond the power supply limits for any reason (un- 
known/uncontrollable input voltage range, power-on tran- 
sients, fault conditions, etc.) some form of input protection, 
such as that shown in Figure 9, should be used. 


Applications 
Information 
(Continued) 


3.0 ANALOG MULTIPLEXER 


The ADC12662 
has an input mUltiplexer 
that is controlled 
by 


the logic level on pin SO when 
EOC goes 
low, as shown 
in 
Figures 
1 and 2. Multiplexer 
setup 
and hold times 
with 
re- 
spect 
to the 
s/H 
input 
can 
be determined 
by these 
two 
equations: 


tMS (wrt StH) = tMS - 
tEOC (min) = 50 
- 
60 = -10 
ns 


tMH (wrt slH) = tMH + tEOC (max) = 50 + 125 = 175 ns 


Note that tMS (wrt SIH) is a negative 
number; 
this indicates 
that 
the data 
on SO must 
become 
valid 
within 
10 ns after 


StH 
goes low in order to meet the setup time requirements. 


SO must be valid for,a 
length 
of 


(tMH + tEOC (max) - 
(tMS - 
tEOC (min) = 185 ns. 


Table 
I shows 
how the input channels 
are assigned: 


TABLE I. ADC12662 
Input 
Multiplexer Programming 


so 
Channel 


0 
VIN1 
1 
VIN2 


The output 
of the multiplexer 
is available 
to the user via the 
MUX OUT pin. This output 
allows 
the user to perform 
addi- 


Vrot = (Vref. 
)-(Vret-) 
= 4.096V 
Rf = 0.50 
(force 
line 
impedance) 
Rs = 10n 
(sense 
line 
impedance) 
Rladder = 75011 


-2.73V 
/~ 


tional signal processing, 
such as filtering 
or gain, before 
the 
signal 
is returned 
to the 
ADC 
IN input 
and digitized. 
If no 
additional 
signal 
processing 
is required, 
the MUX OUT 
pin 
should 
be tied directly 
to the ADC IN pin. 


See Section 
9.0 (APPLICATIONS) 
for a simple 
circuit 
that 


will alternate 
between 
the two inputs while converting 
at full 
speed. 


4.0 REFERENCE INPUTS 


In addition 
to the fully differential 
VREF+ 
and VREF- 
refer- 


ence 
Inputs 
used 
on most 
National 
Semiconductor 
ADCs, 


the ADC12662 
has two sense 
outputs 
for precision 
control 


of the ladder 
voltage. 
These 
sense 
inputs 
compensate 
for 


errors 
due to IR drops 
between 
the reference 
source 
and 
the ladder 
itself. 
The resistance 
of the reference 
ladder 
is 
typically 
7500.. The parasitic 
resistance 
(Rp) of the package 
leads, 
bond 
wires, 
PCB traces, 
etc. can easily 
be 0.50. to 
1.00. or more. 
This may not be significant 
at 8-bit or 10-bit 


resolutions, 
but 
at 
12 bits 
it can 
introduce 
voltage 
drops 


causing 
offset 
and gain errors 
as large as 6 lSBs. 


The ADC12662 
provides 
a means 
to eliminate 
this error 
by 


bringing 
out two additional 
pins that sense the exact voltage 
at the top and bottom 
of the ladder. With the addition 
of two 
op 
amps, 
the 
voltages 
on 
these 
internal 
nodes 
can 
be 
forced 
to the exact value 
desired, 
as shown 
in Figure 
10. 


p----------------------- 
II 


VREF+ (SENSE) : 
Rs 


4.096V 
/ 


"'" 


o.ooov 


VREF- (SENSE) 
III._---------------------- 
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Applications 
Information 
(Continued) 
Since the current flowing through the SENSE lines is essen- 
tially zero, there is negligible voltage drop across Rs and tne 
1 I\n resistor, so the voltage at the inverting input of the op 
amp accurately represents the voltage at the top (or bot- 
tom) of the ladder. The op amp drives the FORCE input and 
forces the voltage at the ends of the ladder to equal the 
voltage at the op amps's non-inverting input, plus or minus 
its input offset voltage. For this reason op amps with low 
VOS.such as the LM627 or LM607, should be used for this 
application••When used in this configuration, the ADC12662 
has lesll than 2 LSBs of offset and 1.5 LSB of gain error 
without any user adjustments. 
The 0.1 ,..F and 10 ,..F capacitors on the force inputs pro- 
vide high frequency decoupling of the reference ladder. The 
500n force resistors isolate the op amps from this large 
capacitive load. The 0.01 ,..F/1 
kn network provides zero 
phase shift at high frequencies to ensure stability. Note that 
the op amp supplies in this example must be ± 10V to 
± 15V to meet the input! output voltage range-l"equirements 
of the LM627 and supply the sub-zero voltage to the 
VREF- 
(FORCE)pin. The VREF/16 output should be by- 


passed to analog ground with a 0.1 ,..F ceramic.capacitor. 


VREF+ (SENSE) 


NC 


VREF- 
(SENSE) 


NC 


The reference inputs are fully differential and define the 
zero to ful~-scale range of the inpu! signal. They can be 
configured to span up tp 5V (VR~- 
= OV.VREF+ = 5V). 
or they can be connecte'd to different voltages (within the 
OV to 5V limits) when other input spans are required. The 
ADC12662 is tested at VREF": (SENSE)= OV. VREF+ 
(SENSE)= 4.096V. Reducing the reference voltage span to 
less than 4V increases the sensitivity (reduces the LSB size) 
of the converter; however noise performance degrades 
when lower reference voltages are used. A plot of dynamic 
performance vs reference voltage is given in the Typical 
Performance Characteristics section. 
If the converter will be used in an application where DC 
accuracy is secondary,to dynamic performance, then a sim- 
pler reference circuit may_suffice.The circuit shown in Fig- 
ure 11 will introduce several LSBs of offset and gain error, 
but INL, DNL, and all dynamic specifications will be unaf- 
fected. 


All bypass capacitors should be located as close to the 
ADC12662 as possible to minimize noise on the reference 
ladder. The VREF/16output should be bypassed to analog 
ground with a 0.1 ,..Fceramic capacitor. 
The LM4040 shunt voltage reference is available with a 
4.096V output voltage. With initial accuracies as low as 
± 0.1%, it makes an excellent reference for the ADC12662. 


Applications Information (Continued) 


5.0 POWER SUPPLY CONSIDERATIONS 
The ADC12662 is designed to operate from a single +5V 
power supply. There are two analog supply pins (AVed and 
one digital supply pin (DVed. These pins allow separate 
external bypass capacitors for the analog and digital por- 
tions of the circuit. To guarantee proper operation of the 
converter, all three supply pins should be connected to the 
same voltage source. In systems with separate analog and 
digital supplies, the converter should be powered from the 
analog supply. 
The ground pins are AGND (analog ground), DGND1 (digital 
input ground), and DGND2 (digital output ground). These 
pins allow for three separate ground planes for these sec- 
tions of the chip. Isolating the analog section from the two 
digital sections reduces digital interference in the analog cir- 
cuitry, improving the dynamic performance of the converter. 
Separating the digital outputs from the digital inputs (particu- 
larly the slH input) reduces the possibility of ground bounce 
from the 12 data lines causing jitter on the slH input. The 
analog ground plane should be connected to the Digital2 
ground plane at the ground return for the power supply. The 
Digital1 ground plane should be tied to the Digital2 ground 
plane at the DGND1 and DGND2 pins. 
' 


Both AVee pins should be bypassed to the AGND ground 
plane with 0.1 J-LFceramic capacitors. One of the two AVee 
pins should also be bypassed with a 10 J-LFtantalum capaci· 
tor. DVCCshould be bypassed to the DGND2 ground plane 
with a 0.1 J-LFcapacitor in parallel with a 10 J-LFtantalum 
capacitor. 


6.0 LAYOUT AND GROUNDING 
In order to ensure fast, accurate conversions from the 
ADC12662, it is necessary to use appropriate circuit board 
layout techniques. Separate analog and digital ground 
planes are required to meet datasheet AC and DC limits. 
The analog ground plane should be low-imp~ance and free 
of noise from other parts of the system. 
All bypass capacitors should be located as close to the con- 
verter as possible and should connect to the converter and 
to ground with short traces. The analog input should be iso- 
lated from noisy signal traces to avoid having spurious sig- 
nals couple to the input. Any external component (e.g., a 
filter capacitor) connected across the converter's input 
should be connected to a very clean analog ground return 
point. Grounding the component at the wrong point will re- 
sult in increased noise and reduced conversion accuracy. 


Figure 
12 gives an example of a suitable layout, including 


power supply routing, ground plane separation, and bypass 
capacitor placement. All analog circuitry (input al)1plifiers, 
filters, reference components, etc.) $hould be placed on the 
analog ground plane. All digital circuiiry and I/O lines (ex- 
cluding the slH input) should use the digital2 ground plane 
as ground. The digital1 ground plane should only be used 
for the slH signal generation. 


From 
Power 
Supply 


+5V Ground 


FIGURE 12. PC Board Layout 


7.0 DYNAMIC PERFORMANCE 
The ADC12662 is AC tested and its dynamic performance is 
guaranteed. In order to meet these specifications, the clock 
source driving the slH input must be free of jitter. For the 
best AC performance, a crystal oscillator is recommended. 
For operation at or near the ADC12662's 1.5 MHz maximum 
sampling rate, a 1.5 MHz squarewave will provide a good 
signal for the slH input. As long as the duty cycle is near 
50%, the waveform will be low for about 333 ns, which is 
within the 400 ns limit. When operating the ADC12662 at a 
sample rate of 1.25 M~z or below, the pulse width of the 
slH signal must be smaller than half the sample period. 


MM74HC4538 
1k 


T2 
2 


n1 


Q 
6 


Q 7'1r1r 


Tl/H/11876-25 


FIGURE 13. Crystal Clock Source 


Figure 
13 is an example of a low jitter slH pulse generator 
that can be used with the ADC12662 and allow operation at 
sampling rates from DC to 1.5 MHz. A standard 4-pin DIP 
crystal oscillator provides a stable 1.5 MHz squarewave. 
Since most DIP oscillators have TIL outputs, a 4.7k pullup 
resistor is used to raise the output high voltage to CMOS 
input levels. The output is fed to the trigger input (falling 
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edge) 
of an MM74HC4538 
one-shot. 
The 
1k resistor 
and 


12 pF capacitor 
set the pulse 
length 
to approximately 
100 


ns. The SIR 
pulse stream 
for the converter 
appears 
on the 


Q output 
of the 
HC4538. 
This 
is the SIR 
clock 
generator 


used 
on the 
ADC12062EVAL 
evaluation 
board. 
For lower 


power, 
a CMOS 
inverter-based 
crystal 
oscillator 
can 
be 


used in place 
of the DIP crystal 
oscillator. 
See Application 


Note 
AN-340 
in the 
National 
semiconductor 
CMOS 
Logic 


Databook 
for more information 
on CMOS crystal 
oscillators. 


8.0 COMMON APPLICATION 
PITFALLS 


Driving 
Inputs 
(analog 
or dlgltsl) 
outside 
power 
supply 


ralls. 
The Absolute 
Maximum 
Ratings 
state 
that 
all inputs 


must be between 
GND 
- 
300 mV and Vcc + 300 mV. This 


rule 
is most 
often 
broken 
when 
the 
power 
supply 
to the 


converter 
is turned 
off, but other devices 
connected 
to it (op 


amps, 
microprocessors) 
still have power. 
Note 
that if there 
is no power to the converter, 
DGND = AGND = DVcc 
= 


AVec 
= OV, so all inputs 
should 
be within 
±300 
mV of 


AGND 
and DGND. 


Driving 
a high 
capacitance 
digital 
data 
bus. 
The 
more 


capacitance 
the 
data 
bus has to charge 
for each 
conver- 


sion' 
the 
more 
instantaneous 
digital 
current 
required 
from 


DVcc 
and 
DGND. 
These 
large 
current 
spikes 
can 
couple 


back to the analog 
section, 
decreasing 
the SNR of the con- 


verter. 
While adequate 
supply 
bypassing 
and separate 
ana- 


log and digital 
ground 
planes 
will reduce 
this problem, 
buff- 


ering the digital 
data outputs 
(with a pair of MM74HC541s, 
for example) 
may be necessary 
if the converter 
must drive a 


heavily 
loaded 
databus. 
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AC Coupling Bipolar Inputs 
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ADC 1241 Self-Calibrating 
12-Bit Plus 
Sign p,P-Compatible AID Converter 
with Sample-and-Hold 


General Description 
The ADC1241 is a CMOS 12-bit plus sign successive ap- 
proximation analog-to-digital converter. On request, the 
ADC1241 goes through a self-calibration cycle that adjusts 
positive linearity and full-scale errors to less than ± y. LSB 
each and zero error to less than ± 1 LSB. The ADC1241 
also has the ability to go through an Auto-Zero cycle that 
corrects the zero error during every conversion. 


The analog input to the ADC1241 is tracked and held by the 
internal circuitry, and therefore does not require an external 
sample-and-hold. A unipolar analog input voltage range (OV 
to +5V) or a bipolar range (- 5V to +5V) can be accom- 
modated with ± 5V supplies. 
The 13-bit word on the outputs of the ADC1241 gives a 2's 
complement representation of negative numbers. The digi- 
tal inputs and outputs are compatible with TIL 
or CMOS 


logic levels. 


Applications 
• 
Digital Signal Processing 


• 
High Resolution Process Control 


• 
Instrumentation 


• 
AVcc~ 


2 
VREF~ 


3 
AGNO~ 


5 
V-~ 


28 
DVcc~ ,. 
DGNO~ 


Control Logic 
FFFFTl8 
csViRiiDm:UCLKIN 


Key Specifications 
• 
Resolution 
• 
Conversion Time 
• 
Linearity Error 
• 
Zero Error 
• 
Positive Full Scale Error 
• 
Power Consumption 


12 Bits plus Sign 


13.8/-'s (max) 


±y. 
LSB (±O.0122%) (max) 


±lLSB 
(max) 
±lLSB 
(max) 


70mW (max) 


Features 
• 
Self-calibrating 
• 
Internal sample-and-hold 
• 
Bipolar input range with ± 5V supplies and single 
+5V reference 
• 
No missing codes over temperature 
• 
TILIMOS 
input/output compatible 
• 
Standard 28-pin DIP 
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Top View 


Order 
Number 
ADC1241CMJ, 


ADC1241CMJ/883, 
ADC1241BIJ 
or 


ADC1241CIJ 
See NS Package 
Number 
J28A 


please 
contaCl 
me 
NilllunClI 
",t:tIII\,;UIIUU\iI.UI 
~dlt::::. 
I""\LJv I L.""tlUlu,. 
I""\LJV I '-""t 
I UhJ 
"TV 
"-"~ 
'A~ 
I v'-' •.•.• 
Office/Distributors 
for 
availability 
and 
specifications. 
ADC1241CMJ, 
ADC1241CMJ/883 
-55·C,;;TA';; 
+ 125·C 


Supply Voltage 
(Vee = DVee = AVeC> 
6.5V 
DVee 
and AVec 
Voltage 


Negative 
Supply Voltage 
(V-) 
-6.5V 
(Notes 6 & 7) 
4.5Vto 
5.5V 


Voltage 
at Logic Control 
Inputs 
-0.3Vto(Vee 
+ 0.3V) 
Negative 
Supply Voltage 
(V-) 
- 4.5V to - 5.5V 


Voltage 
at Analog 
Input (VIN) 
(V- 
-0.3V) 
to (Vee 
+ 0.3V) 
Reference 
Voltage 


AVec-DVee 
(Note 7) 
0.3V 
(VREF, Notes 6 & 7) 
3.5VtoAVee 
+ 50mV 


Input Current 
at any Pin (Note 3) 
±5mA 


Package 
Input Current 
(Note 3) 
±20mA 


Power Dissipation 
at 25·C (Note 4) 
875mW 


Storage 
Temperature 
Range 
- 65·C to + 150·C 


ESD Susceptability 
(Note 5) 
2000V 


Soldering 
Information 
J Package 
(10 see) 
300·C 
- 


Converter 
Electrical Characteristics 
The following 
specifications 
apply for Vee = DVee = AVec 
= 
+5.0V, 
V- 
= 
-5.0V, 
VREF = 
+5.0V, 
and feLK = 2.0 MHz 
unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25·C. (Notes 
6,7 
and 8) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 
(Note 
9) 
(Notes 
10, 18) 
(Limit) 


STATIC 
CHARACTERISTICS 


Positive 
Integral 
ADC1241BIJ 
After Auto-Cal 
±% 
LSB(max) 
Linearity 
Error 
ADC1241CMJ, 
CIJ 
(Notes 
11 & 12) 
±1 
LSB max 


Negative 
Integral 
ADC1241BIJ 
After Auto-Cal 
±1 
LSB(max) 
Linearity 
Error 
ADC1241 CMJ, CIJ 
(Notes 
11 & 12) 
±1 
LSB(max) 


Differential 
Linearity 
After Auto-Cal 
(Notes 
11 & 12) 
12 
Bits(min) 


Zero Error 
After Auto-Zero 
or Auto-Cal 
, 
±1 
LSB(max) 
(Notes 
12 & 13) 


Positive 
Full-Scale 
Error 
. 
After Auto-Cal 
(Note 12) 
±% 
±1 
LSB(max) 


Negative 
Full-Scale 
Error 
After Auto-Cal 
(Note 12) 
±1 I ±2 
LSB(max) 


CREF 
VREF Input Capacitance 
80 
pF 


CIN 
Analog 
Input Capacitance 
65 
pF 


VIN 
Analog 
Input Voltage 
y- - 0.05 
V(min) 
Ycc 
+ 0.05 
V(max) 


Power Supply 
Zero Error (Note 14) 
AVec = DVee = 5V ±5%, 
±'Ie 
LSB 
Sensitivity 
Full-Scale 
Error 
VREF = 4.75V, V- 
= -5V 
±5% 
±'Ie 
LSB 


Linearity 
Error 
±'Ie 
LSB 


DYNAMIC 
CHARACTERISTICS 


S/(N+D) 
Unipolar 
Signal-to-Noise+ 
Distortion 
fiN = 1 kHz, VIN = 4.85 Vp_p 
72 
dB 
Ratio (Note 17) 
fiN = 10 kHz, VIN = 4.85 Vp_p 
72 
dB 


S/(N+D) 
Bipolar 
Signal-to-Noise+ 
Distortion 
fiN = 1 kHz, VIN = ±4.85 
Vp.p 
76 
dB 
Ratio (Note 17) 
fiN = 10 kHz, VIN = 
±4.85 
Vp_p 
76 
dB 


Unipolar 
Full Power Bandwidth 
(Note 17) 
VIN = OV to 4.85V 
32 
kHz 


Bipolar 
Full Power Bandwidth 
(Note 17) 
VIN = ±4.85 
Vp_p 
25 
kHz 


tAp 
Aperture 
Time 
100 
ns 


Aperture 
Jitter 
100 
PSrms 


Digital and DC Electrical Characteristics 
The following 
specifications 
apply for Vcc = DVcc 
= AVcc 
= 
+5.0V, 
V- 
= 
-5.0V, 
VREF = 
+5.0V, 
and fClK = 2.0 MHz 
unless 
otherwise 
specified. 
Boldtacellmlts 
apply 
tor 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25'C. 


(Notes 
6 and 7) 


Symbol 
Parameter 
Condition 
Typical 
Limit 
Units 


(Note 
9) 
(Notes 
10, 18) 
(Limits) 


VIN(1) 
logical 
"1" 
Input Voltage 
for 
Vcc = 5.25V 
2.0 
V(min) 


All Inputs except 
ClK 
IN 


VIN{O) 
logical 
"0" 
Input Voltage 
for 
Vcc = 4.75V 
0.8 
V(max) 
All Inputs except 
ClK 
IN 


IINlll 
logical 
"1" 
Input Current 
VIN = 5V 
0.005 
1 
",A(max) 


IIN{O) 
logical 
"0" 
Input Current 
VIN = OV 
-0.005 
-1 
",A(max) 


VT+ 
ClK 
IN Positive-Going 
2.8 
2.7 
V(min) 
Threshold 
Voltage 


VT- 
ClK 
IN Negative-Going 
2.1 
2.3 
V(max) 
Threshold 
Voltage 


VH 
ClK 
IN Hysteresis 
0.7 
0.4 
V(min) 
[VT+(min) 
- 
VT-(max» 


VOUT{l) 
logical 
"1" 
Output Voltage 
Vcc = 4.75V: 


lOUT = - 360 ",A 
2.4 
V(min) 


lOUT = -10 
",A 
4.5 
V(min) 


VOUT{O) 
logical 
"0" 
Output Voltage 
Vce = 4.75V 
0.4 
V(max) 


lOUT = 1.6mA 


lOUT 
TRI-STATE<I> Output 
leakage 
VOUT = OV 
-0.Q1 
-3 
",A(max) 


Current 
VOUT = 5V 
0.01 
3 
",A(max) 


ISOURCE 
Output Source 
Current 
VOUT = OV 
-20 
-6.0 
mA(min) 


ISINK 
Output Sink Current 
VOUT = 5V 
20 
8.0 
mA(min) 


Dice 
DVce Supply Current 
fClK = 2 MHz, CS = "1" 
1 
2 
mA(max) 


Alce 
AVcc 
Supply Current 
fClK = 2 MHz, CS = "1" 
2.8 
6 
mA(max) 


I- 
V- 
Supply Current 
fClK = 2 MHz, CS = "1" 
2.8 
6 
mA(max) 


J 


AC Electrical Characteristics 
The following 
specifications 
apply 
for DVcc 
= 
AVcc 
= 
+5.0V. 
V- 
= 
-5.0V. 
tr = 
t, = 
20 ns unless 
otherwise 
specified. 
Boldface 
limits 
.pply 
for 
TA = 
TJ = 
TMIN to T MAX; all other 
limits TA = 
TJ = 
25'C. 
(Notes 
6 and 7) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
9) 
(Notes 
10, 18) 
(Limits) 


fCLK 
Clock Frequency 
2.0 
MHz 


0.5 
MHz(min) 


4.0 
MHZ(max) 


Clock Duty Cycle 
50 
% 


40 
%(min) 


.. - 
eo 
% (max) 


te 
Conversion 
Time 
27(1/fCLK) 
27(1/fcLK) 
+ 300 
ns 
(max) 


fCLK= 
2.0 MHz 
13.5 
1J.s 


tA 
Acquisition 
Time 
ASOURCE = son 
7(1/fCLK) 
7(1/fcLK) 
+ 300 
ns 
(max) 


(Note 15) 
fCLK = 2.0 MHz 
3.5 
1J.s 


tz 
Auto Zero Time 
26 
26 
l/fCLK(max) 


fCLK = 2.0 MHz 
13 
,,' 
1J.s 


~ 
Calibration 
Time 
1396 
l/fCLK 


fCLK = 2.0 MHz 
698 
706 
1J.s(max) 


twcMlL 
Calibration 
Pulse Width 
(Note 16) 
60 
- 
200 
, 
ns(min) 


tW(\WtlL 
Minimum 
~ 
Pulse Width 
60 
200 
ns(min) 


tACC 
Maximum 
Access 
Time 
CL = 
100pF 


(Delay from Falling Edge of 
50 
85 
ns(max) 
Rl5 to Ou1put Data Valid) 


toH. t1H 
TAl-STATE 
Control 
(Delay 
AL = 
1 kn. 


from Aising 
Edge of Rl5 
CL = 
100pF 
30 
90 
ns(max) 


to Hi-Z State) 


tpO(lm') 
Maximum 
Delay from Falling 
Edge of 
100 
175 
ns(max) 
m5 or ~ 
to Aeset of fIiiT 


Note 1:~ute 
MaximumRatingsindicatelimitsbeyondwhich damageto the devicemayoccur.OperatingRatingsindicateconditionsfor whichthe devtceis 
functional.but do not guaranteespecificperformancelimits.Forguaranteedspecificationsandtest conditions,seethe ElectricalCharacteristics.The guaranteed 
spec:fficationsapptyonty for the test condffionslisted.Some performancecharacteristicsmay degradewhen the deviceis not operatedunderthe listed test 
conditions. 


Nola 2: All voltagesare measuredwith respectto AGNDand DGND,unlessotherwisespecified. 


Nola 3: Whenthe inputvollage (VIN)at anypin exceedsthe powersupplyrails(VIN< V- or VIN> (AVecor DVec),the currentat that pinshouldbe limitedto 
5 mA.The20 mAmaximumpaekageinputcurrentratingallowsthe voltageat anyfour pins,withan inputcurrentlimitof 5 mA,to simultaneouslyexceedthe power 
supplyvollages. 


Note 4: The maximumpower dissipationmust be deratedat elevatedtemperaturesand is dictatedby TJMAX(maximumjunction temperature),8JA(package 
junction to ambientthermalresistance),and TA (ambienttemperature).The maximumallowablepower dissipationat any temperatureis Pomax = (TJmax- 
TJjl8JA or the numbergivenin the AbsoluteMaximumRatings,whicheveris lower.Forthisdevice,TJmax= 125°C,andthe typicalthermalresistance(8JA)of the 
ADC1241with CMJ,BIJ,and CIJsuffixeswhenboardmountedis 47"C/W. 
Nola 5: Humanbody model,100pF dischargedthrougha 1.5kG resistor. 


Note 8: Two on-chipdiodesare tied to the analoginputas shownbelow.Errorsin the AID conversioncan occur if these diodesare forwardbiasedmorethan 
5OmV. 
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28 
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AC Electrical Characteristics 
(Continued) 


Nol. 7: A diOde exists between AVec and DVec as shown below. 


I 
I 
I 


A.Vcc:It 
TO INTERNA.l 
I 
CIRCUITRY 


OVCC 28: 
TO INTER!'lA.l 
CIRCUITRY 
I 
I 
I 


To guarantee 
accuracy, 
rt is required 
that the AVec 
and DVcc 
be connected 
together 
to a power supply with separate 
bypass filters at each 
Vcc 
pin. 
Nol•• : Accuracy 
is guaranteed 
at fCLK - 
2.0 MHz. At higher and lower clock frequencies 
accuracy 
may degrade. 
see 
curves in the Typical 
Performance 
Characteristics 
Section. 


Nol. 9: Typicals are at TJ = 2S"C and represent 
most likely parametric 
norm. 
Nol. 
10: Umits are guaranteed 
to National's 
AOQL (Average Outgoing Ouality Leven. 


Nota 11: Positive linearity error is defined as the deviation of the anelog value, expressed in LSBs, from the straight line that passes through positive full scale and 
zero. For negative linearity error the straight line passes through negative full scale and zero. (see Figures 
lb and Ie). 


Note 
12: The AOC1241's 
self-calibration 
techntqu8 
ensures 
linearity, full scale, and offset errors as specified, 
but noise inherent 
in the self-calibration 
process 
will 


resu~ in a repaatability 
uncertainty 
of ± 0.20 LSB. 


Note 
13: 11TA changes 
then an Auto-Zero 
or Auto-Cal 
cycle will have to be re-started. 
see the typical performance 
characteristic 
curves. 


Note 
14: After an Auto-Zero 
or Auto-Cal 
cycle at the specified 
power supply extremes. 


Note 
15: If the clock is asynchronous 
to the falling edge of WR' an uncertainty 
of one clock period will exist in the interval of tA. therefore 
making the minimum tA = 
6 clock pariods and the maximum tA = 7 clock pariods. If the falling edge of t~~ clock is synchronous 
to the rising edge of WI'! then tA will be exactly 6.S clock 
pariods. 


Nota 1.: The CA[ 
line must be high before any other conversion 
is started. 
Nol. 
17: The specifications 
for these parameters 
are valid after an Auto-Cal cycle has been completed. 


Nota 1.: A military RETS electrical 
test specification 
is available on request. At time of printing, the AOCI241CMJ/883 
RETS specification 
complies fully with the 
boldface 
limits in this column. 
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Test Circuits 


Vcc 


Rii 
ADel241 
DATA 
OUTPUT 
r 


CL 
RL 
- 
- 
- 
TUH/l0554-9 


Vcc 
Vcc 


RL 


Rii 
ADe1241 
DATA 
OUTPUT 
I~ 
- 
- 


_ 
Vcc 
RD 
GND 


DATA 
Vcc 


OUTPUT 
VOL 
•• 


I 


IZ 
AlIto-Z.ro •.. 26 clocks 


S 


t. 
AcqublsUon 
..• 7 clocks 


Ie 


Conversion 
... 27 clock. 


t. 
Acqullistion 
•.• 7 clocks 


Ie 


CO" •• ",," 
..• 27 clocks 


DGND (14), 
AGND (3) 


.,..:>.:>V. 10 guarantee accuracy, It ISrequired 
that the AVec and DVcc be connected to- 
gether to the same power supply with sepa- 
rate bypass filters (10 ",F tantalum in parallel 
with a 0.1 ",F ceramic) at each Vcc pin. 
The analog negative supply voltage pin. V- 
has a range of -4.5V to -5.5V and needs a 
bypass filter of 10 ",F tantalum in parallel with 
a 0.1 ",F ceramic. 
The digital and analog ground pins. AGND 
and DGND must be connected together ex- 
ternally to guarantee accuracy. 


The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVec or DVcc by more than 
50 mV or go below 3.5 VDC. 
The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed Vcc by more than 50 mV or go below 
V- 
by more than 50 mY. 


The Chip Select control input. This input is 
active low and enables the WR and RD func- 
tions. 
The Read control input. With both CS and RD 
low the TRI-STATE output buffers are en- 
abled and the INT output is reset high. 
The Write control input. The converison is 
started on the rising edge of the WR pulse 
when CS is low. 
The external clock input pin. The clock fre- 
quency range is 500 kHz to 4 MHz. 
The 
Auto-Calibration control 
input. When 


CAC is low the ADC1241 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in RAM. These values are used to cor- 
rect the errors during a normal cycle of AID 
conversion. 
The Auto-Zero control input. With the AZ pin 
held low during a conversion, the ADC1241 
goes into an auto-zero cycle before the actu- 
al AID conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (te) is in- 
creased by 26 clock periods when Auto-Zero 
is used. 
The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 
The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the 
result or starting a conversion or calibration 
cycle will reset this output high. 


2.0 Functional Description 
The ADC1241 is a 12-bit plus sign AID converter with the 
capability of doing Auto-Zero or Auto-Cal routines to mini- 
mize zero, full-scale and linearity errors. It is a successive- 
approximation AID converter consisting of a DAC, compar- 
ator and a successive-approximation register (SAR). Auto- 
Zero is an internal calibration sequence that corrects for the 
AID's zero error caused by the comparator's offset voltage. 
Auto-Cal is a calibration cycle that not only corrects zero 
error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC1241 without the need of trimming during its fab- 
rication. An Auto-Cal cycle can restore the accuracy of the 
ADC1241 at any time, which ensures its long term stability. 


2.1 DIGITAL 
INTERFACE 
On power up, a calibration sequence should be initiated by 
pulsing CAC low with CS, RD, and WR high. To acknowl- 
edge the CAC signal, EOC goes low after the falling edge of 
CAC, and remains low during the calibration cycle of 1396 
clock periods. During the calibration sequence, first the 
comparator's 
offset 
is determined, then the capacitive 
DAC's mismatch error is found. Correction factors for these 
errors are then stored in internal RAM. 


A conversion is initiated by taking CS and WR low. The A'Z 
(Auto Zero) signal line should be tied high or low during the 
conversion process. If AZ is Iowan auto zero cycle, which 
takes approximately 26 clock periods, occurs before the ac- 
tual conversion is started. The auto zero cycle determines 
the correction factors for the comparator's offset voltage. If 
AZ is high, the auto zero cycle is skipped. Next the analog 
input is sampled for 7 clock periods, and held in the capaci- 
tive DAC's ladder structure. The EOC then goes low, signal- 
ing that the analog input is no longer being sampled and 
that the AID 
successive approximation conversion has 
started. 


During a conversion, the sampled input voltage is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Next the MSB of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MSB is left 
high; otherwise it is set low. The next bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result is then 
stored in the output latch of the ADC1241. Next EOC goes 
high, and INT goes low to signal the end of the conversion. 
The result can now be read by taking CS and RD low to 
enable the DBO-DB12 output buffers. 


• 


Digital C,ontrollnputs 
( 


AID Function 
CS 
WR 
RD 
CAL 
AZ 


""1..J 
""1..J 
1 
1 
1 
Start Conversion without Auto-Zero 


""1..J 
1 
""1..J 
1 
1 
Read Conversion Result without Auto-Zero 
""1..J 
""1..J 
1 
1 
0 
Start Conversion with Auto-Zero 
""1..J 
1 
""1..J 
1 
0 
Read Conversion Result with Auto-Zero 
1 
X 
X 
""1..J 
X 
Start Calibration Cycle 
0 
X 
1 
0 
X 
Test Mode (082, 083, 085 and 086 become active) 


FIGURE 1. Function of the AID Control Inputs 


The table in Figure 
1 summarizes the effect of the digital 


control inputs on the function of the AOC1241. The Test 
Mode, where AD is high and CS and Ci\[ are low, is used by 
the factory to thoroughly check out the operation of the 
AOC1241. Care should be taken not to inadvertently be in 
this mode, since 082, 083, 085, and 086 become active 
outputs, which may cause data bus contention. 


2.2 R~SETTING THE AID 
All internal logic cap be reset, which will abort any conver- 
sion in process. The AlO is reset whenever a new conver- 
sion is started by taking CS and WR low. If this is done when 
the analog input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore 
making it necessary to do an Auto-Cal cycle before the next 
conversion. This is true with or without Auto-Zero. The Cali- 
bration Cycle cannot be reset once started. On power-up 
the AOC1241 automatically goes through a Calibration Cy- 
cle that takes typically 1396 clock cycles. 


VIM= +12V to +15V 


1.8kll 


VIM 


~~ 


50 kll 


1.69 kll 


0·1% 
- 
alll 
- 
- 


3.52 kll 
62 kll 


0.1:11: 


3.0 Analog Considerations 


3.1 REFERENCEVOLTAGE 
The voltage applied to the reference input of the converter 
defines the voltage span of the analog input (the difference 
between VIN and AGNO), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-O 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving VREF must have a 
very low output impedance and very low noise. The circuit in 
Figure 2 is an example of a very stable reference that is 
appropriate for use with the AOC1241. 
In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the AlO reference. When this 
voltage is the system power supply, the VREFpin can be 
tied to Vcc. This technique relaxes the stability requirement 
of the system reference as the analog input and A/O refer- 
ence move together maintaining the same output code for 
given input condition. 


-Tantalum 
FIGURE 2. Low Drift Extremely Stable Reference Circuit 


For absolute 
accuracy, 
where 
the 
analog 
input 
varies 
be- 
tween 
very specific 
voltage 
limits, the reference 
pin can be 


biased 
with 
a time and temperature 
stable 
voltage 
source. 


In general, 
the magnitude 
of the reference 
voltage 
will re- 


quire an initial adjustment 
to null out full-scale 
errors. 


3.2 INPUT 
CURRENT 


A charging 
current 
will flow into or out of (depending 
on the 


input voltage 
polarity) 
of the analog 
input 
pin (VIN) on the 


start of the analog 
input sampling 
period 
(tAl. The peak val- 
ue of this 
current 
will 
depend 
on the 
actual 
input 
voltage 


applied. 


3.3 INPUT 
BYPASS 
CAPACITORS 


An external 
capacitor 
can be used to filter out any noise due 


to inductive 
pickup 
by a long input lead and will not degrade 


the accuracy 
of the conversion 
result. 


3.4 INPUT 
SOURCE 
RESISTANCE 


The 
analog 
input 
can 
be modeled 
as shown 
in Figure 
3. 
External 
Rs will lengthen 
the time period 
necessary 
for the 


voltage 
on CREF to settle 
to within 
Yo LSB of the 
analog 


input voltage. 
With fCLK = 2 MHz tA = 7 clock 
periods 
= 


3.5 ,..S. Rs 
:s; 1 kO will allow 
a 5V analog 
input voltage 
to 


settle 
properly. 


3.5 NOISE 


The leads to the analog 
input pin should 
be kept as short as 


possible 
to minimize 
input 
noise 
coupling. 
Both 
noise 
and 


undesired 
digital 
clock 
coupling 
to this input can cause 
er- 


rors. 
Input 
filtering 
can 
be used 
to 
reduce 
the 
effects 
of 
these 
noise 
sources. 


3.6 POWER 
SUPPLIES 


Noise 
spikes 
on the 
Vcc 
and 
V- 
supply 
lines 
can cause 


conversion 
errors 
as the 
comparator 
will 
respond 
to 
this 


noise. 
The AID 
is especially 
sensitive 
during 
the auto-zero 


or auto-cal 
procedures 
to any power 
supply 
spikes. 
Low in 


ductance 
tantalum 
capacitors 
of 10,..F 
or greater 
paralleled 


with 0.1 ,..F ceramic 
capacitors 
are recommended 
for supply 


bypassing. 
Separate 
bypass 
capacitors 
whould 
be placed 


close 
to the 
DVcc, 
AVcc 
and V- 
pins. 
If an unregulated 


voltage 
source 
is 
available 
in 
the 
system, 
a 
separate 


LM340LAZ-5.0 
voltage 
regulator 
for the A-to-D's 
Vcc 
(and 


other analog circuitry) 
will greatly 
reduce 
digital 
noise on the 


supply 
line. 


3.7 THE CALIBRATION 
CYCLE 


On power 
up the ADC1241 
goes through 
an Auto-Cal 
cycle 


which 
cannot 
be interrupted. 
Since the power 
supply, 
refer- 


ence, 
and 
clock 
will 
not 
be stable 
at power 
up. this 
first 


calibration 
cycle 
will not result 
in an accurate 
calibration 
of 


the AID. 
A new calibration 
cycle 
needs 
to be started 
after 


the power 
supplies, 
reference, 
and clock 
have 
been 
given 


enough 
time 
to stabilize. 
During 
the calibration 
cycle. 
cor- 


rection 
values 
are determined 
for the offset 
voltage 
of the 


sampled 
data comparator 
and any linearity 
and gain errors. 


These 
values are stored 
in inter'nal RAM and used during an 


analog-to-digital 
conversion 
to bring the overall 
gain, offset, 


and linearity 
errors down to the specified 
limits. 
It should 
be 


necessary 
to go through 
the calibration 
cycle 
only once 
af· 


ter power 
up. 


3.8 THE AUTO-ZERO 
CYCLE 


To correct 
for any change 
in the zero 
(offset) 
error 
of the 


AID, 
the auto-zero 
cycle 
can be used. It may be necessary 


to do an auto-zero 
cycle whenever 
the ambient 
temperature 


changes 
significantly. 
(See 
the 
curved 
titled 
"Zero 
Error 


Change 
vs Ambient 
Temperature" 
in the Typical 
Perform- 


ance Characteristics.) 
A change 
in the ambient 
temperature 


will 
cause 
the 
Vas 
of 
the 
sampled 
data 
comparator 
to 


change. 
which 
may cause 
the zero error 
of the AID 
to be 


greater 
than 
± 1 LSB. An auto-zero 
cycle 
will maintain 
the 


zero error to ± 1 LSB or less. 
• 


4.0 Dynamic Performance 
Many applications require the AID converter to digitize ac 
signals, but the standard dc integral and differential nonlin- 
earity specifications will not accurately predict the AID con- 
verter's performance with ac input signals. The important 
specifications for ac applications reflect the converter's abil- 
ity to digitize ac signals without significant spectral errors 
and without adding noise to the digitized signal. Dynamic 
characteristics 
such 
as 
signal-to-noise+distortion 
ratio 


(5/(N+D», 
effective bits, fuli power bandwidth, aperture 


time and aperture jitter are quantitative measures of the 
AID converter's capability. 
An AID converter's ac performance can be measured using 
Fast Fourier Transform (FFt) methods. A sinusoidal wave- 
form is applied to the AID converter's input: and the trans- 
form is then performed on the digitized waveform. 51(N+ D) 
is calculated from the resulting FFT data, and a spectral plot 
may also be obtained. Typical values for 5/(N+D) 
are 


shown in the table of Electrical Characteristics, and spectral 
plots are included in the typical performance curves. 
The AID converter's noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the S/(N + D) versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the 5/(N + D) drops 3 dB). ' 


Two samplelhold specifications, aperture time and aperture 
jitter, are included in the Dynamic Characteristics table 
since the ADC1241 has the ability to track and hold the 
analog input voltage. Aperture time is the delay for the AID 
to respond to the hold command. In the case of ,the 
ADC1241, the hold command is internally generated. When 
the Autq-Zero function is not being used, the hold command 
occurs at the end of the acquisition window, or seven clock 
periods after the rising edge of the WR. The delay between 
the internally generated hold command and the time that 
the ADC1241 -actually holds the input signal is the aperture 
time. For the ADC1241, this tlme is typically 100 ns. Aper- 
ture jitter is the change in th,eaperture time from sample to 
sample..Aperture jitter is useful in determining the maximum 
slew rate of the input signal for a given accuracy. For exam- 
ple, an ADC1241 with 100 ps of aperture jitter operating with 
a 5V reference can have an effective gain variation of about 
1 L5B with an input signal whose slew rate is 12 VII'-s. 
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ADC1242 
12·Bit Plus Sign Sampling AID Converter 


General Description 


The 
ADC1242 
is a CMOS 
12-bit 
pills 
sign 
successive 
ap- 


proximation 
analog-to-digital 
·converter. 
On 
request, 
the 


ADC1242 
goes through 
a self-calibration 
cycle 
that adjusts 


positive 
linearity 
error to less than 
± 1 LSB full-scale 
error to 


less than 
± 3 LSB, and zero error to less than 
± 2 LSB. The 


ADC1242 
also 
has the ability 
to go through 
an Auto-Zero 


cycle 
that corrects 
the zero error during 
every conversion. 


The analog 
input to the ADC1242 
is tracked 
and held by the 


internal 
circuitry, 
and therefore 
does not require 
an external 


sample-and-hold. 
A unipolar 
analog 
input voltage 
range (OV 


to + 5V) or a bipolar 
range 
(- 
5V to + 5V) can be accom- 
modated 
with ± 5V supplies. 


The 13-bit word on the outputs 
of the ADC1242 
gives a 2's 


complement 
representation 
of negative 
numbers. 
The digi- 


tal inputs 
and 
outputs 
are compatible 
with 
TTL 
or CMOS 


logic levels. 


Key Specifications 


• 
Resolution 


• 
Conversion 
Time 


• 
Linearity 
Error 


• 
Zero 
Error 
• 
Positive 
Full Scale 
Error 


• 
Power 
Consumption 


12 Bits plus Sign 


13.8 ",s (max) 


±1 
LSB (± 
0.0244%) 
(max) 


±2 
LSB (max) 


±3 
LSB (max) 


70 mW (max) 


Features 


• 
Self-ealibrating 


• 
Internal 
sample-and-hold 


• 
Bipolar 
input range 
with 
± 5V supplies 
and single 
+ 5V reference 


• 
No missing 
codes 
over temperature 


• 
TTLIMOS 
input/output 
compatible 
•• Standard 
28-pin 
ceramic 
DIP 


Applications 


• 
Digital 
Signal 
Processing 


• 
High Resolution 
Process 
Control 


• 
Instrumentation 


Simplified Schematic 


VIN~ 


• 
AVec0--+ 
2 
VREro--+ 
3 
ACNDo-+ 
5 
v-o-+ 


2. 
DVcc0-+ 
1. 
OGND0-+ 


V" 
1 
28 
DVcc 


VIl£f 
27 
DB12(Sign) • 


AGND 
2a 
D811(YS8) 


AVec 
25 
0810 


V- 
2' 
08. 


Ai' 
23 
08. 


Viii 
ADC1242 
22 
087 


elKIN 
21 
D8a 


CAl 
20 
085 


cs 
10 
10 
DB4 


iW 
11 
I. 
DB3 


[DC 
12 
17 
DB2 


TNT 
13 
16 
081 


DCND 
14 
IS 
D8o(lS8) 


Top View 


Order 
Number 
ADC1242CIJ 


See NS Package 
Number 
J28A 


~[DC 
Control 
logic 
~ 
00 
FrFm· 
CS 
Wi 
iO 
CAl 
iZ 
elKIN 


Supply Voltage 
(Vee = DVee = AVcel 
6.5V 


Negative 
Supply Voltage 
(V-) 
-6.5V 
Operating Ratings 
(Notes 
1 and 2) 


Voltage 
at logic 
Control 
Inputs 
-0.3V 
to (Vee 
+ 0.3V) 
Temperature 
Range 
TMINsTASTMAX 


Voltage 
at Analog 
Input (VIN) 
(V- 
-0.3V) 
to (Vee 
+ 0.3V) 
ADC1242CIJ 
-40"CsTAs 
+ 85'C 


AVee-DVee 
(Note 7) 
0.3V 
DVee 
and Alice 
Voltage 


Input Current 
at any Pin (Note 3) 
±5mA 
(Notes 6 anI! 7) 
4.5Vt05.5V 


Package 
Input Current 
(Note 3) 
±20mA 
Negative 
Supply Voltage 
(V -) 
-4.5Vto 
-5.5V 


Power Dissipation 
at 25'C 
(Note 4) 
875mW 
Reference 
Voltage 


Storage 
Temperature 
Range 
- 65'C to + 150'C 
(VREF, Notes 6 and 7) 
3.5VtoAVce 
+ 50mV 


Converter Electrical Characteristics 
The following 
specifications 
apply for Vce = DVee = AVec = 
+5.0V, 
V- 
= -5.0V, 
VREF = 
+4.096V, 
and feLK = 2.0 MHz 


unless 
otherwise 
specified. 
Boldface 
limits 
.ppl~ 
for 
TA = T•• = T.IN to T.AX; 
all other 
limits TA = TJ = 25·C. (Notes 


6,7 
and 8) 


Symbol 
Parameter 
Conditions 
Typlc8l 
Urnlt 
Unit. 


(Notet) 
(Not •• 
10, 18) 
(Urnlt) 


STATIC 
CHARACTERISTICS 
"' 
,:, 


- 


Positive 
Integral 
After Aula-Cal 
±1 
LSB(max) 
linearity 
Error 
if; 
. 
- 
(Notes 
11 and 12) 


Differential 
linearity 
After Auto-Cal 
(Notes 
11 and 12) 
12 
Bits(min) 


Zero Error 
After Auto-Zero 
or Auto-Cal 
±2 
LSB(max) 
(Notes 
12 and 13) 


Positive 
and Negative 
Full-Scale 
Error 
After Auto-Cal 
(Note 12) 
±3 
LSB(max) 


CREF 
VREF Input Capacitance 
80 
pF 


CIN 
Analog 
Input Capacitance 
65 
pF 


VIN 
Analog 
Input Voltage 
y- - 0.0. 
V(min) 
Yee+ 0.0. 
V(max) 


Power Supply 
Zero Error (Note 14) 
AVec = DVee = 5V ±5%, 
±'/e 
LSB 


SensitiVity 
Full-Scale 
Error 
VREF = 4.75V, V- 
= -5V 
±5% 
±'/e 
LSB 


linearity 
Error 
, 
±'/e 
LSB 


DYNAMIC 
CHARACTERISTICS 


S/(N+D) 
Unipolar 
Signal-to-Noise+ 
Distortion 
fiN = 1 kHz, VIN = 4.85 Vp_p 
72 
dB 
Ratio (Note 17) 
fiN = 10 kHz, VIN = 4.85 Vp-p 
72 
dB 


S/(N+D) 
Bipolar Signal-to-Noise 
+ Distortion 
fiN = 1 kHz, VIN = 
±4.85 
Vp-p 
76 
._- 
dB 


Ratio (Note 17) 
fiN = 10 kHz, VIN = 
±4.85 
Vp_p 
76 
dB 


Unipolar 
Full Power Bandwidth 
(Note 17) 
VIN = OV to 4.85V 
32 
kHz 


Bipolar 
Full Power Bandwidth 
(Note 17) 
VIN = ±4.85 
Vp_p 
-" 
25 
kHz 


tAp 
Aperture 
Time 
100 
ns 


Aperture 
Jitter 
. 
, 
• < 
100 
PSrms 


Digital and DC Electrical Characteristics 
The following 
specifications 
apply for Vcc = DVCC = AVCC = + S.OV, V- 
= -S.OV, 
VREF = +4.096V. 
and fClK = 2.0 MHz 


unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 2SoC. 
(Notes 
6 and 7) 


Symbol 
Parameter 
Condition 
Typical 
Umlt 
Units 


(Note 
9) 
(Notes 
10, 18) 
(Limits) 


VIN{l) 
logical 
"1" 
Input Voltage 
for 
Vcc = S.2SV 
2.0 
V(min) 
All Inputs except 
ClK 
IN 


VIN(O) 
logical 
"0" 
Input Voltage 
for 
Vcc = 4.7SV 
0•• 
V(max) 
All Inputs except 
ClK 
IN 


IIN(l) 
logical 
"1" 
Input Current 
VIN = SV 
O.OOS 
1 
!LA(max) 


IIN(O) 
logical 
"0" 
Input Current 
VIN = OV 
-O.OOS 
-1 
!LA(max) 


VT+ 
ClK 
IN Positive-Going 
2.8 
2.7 
V(min) 
Threshold 
Voltage 


VT- 
ClK 
IN Negative-Going 
2.1 
2.3 
V(max) 
Threshold 
Voltage 


VH 
ClK 
IN Hysteresis 
0.7 
0.4 
V(min) 
[VT+(min) 
- 
VT-(max)) 


VOUT(l) 
logical 
"1" 
Output Voltage 
Vcc = 4.7SV: 


lOUT = - 360 !LA 
2.4 
V(min) 


lOUT = -10!LA 
4.5 
V(min) 


VOUT(O) 
logical 
"0" 
Output Voltage 
Vcc = 4.7SV 
0.4 
V(max) 


lOUT = 1,6mA 


lOUT 
TRI-STATElID Output 
leakage 
VOUT = OV 
-0.01 
-3 
!LA(max) 
Current 
VOUT = SV 
0.01 
3 
!LA(max) 


ISOURCE 
Output 
Source Current 
VOUT = OV 
-20 
-8.0 
mA(min) 


ISINK 
Output 
Sink Current 
VOUT = SV 
20 
••0 
mA(min) 


DICC 
DVcc 
Supply Current 
fClK = 2 MHz, CS = "1" 
1 
2 
mA(max) 


A1cc 
AVcc 
Supply Current 
fClK = 2 MHz, CS = "1" 
2.8 
8 
mA(max) 
I- 
V- 
Supply Current 
fClK = 2 MHz, CS = "1" 
2.8 
8 
mA(max) • 


AC Electrical Characteristics 
The following 
specifications 
apply for DVCC = AVcc 
= 
+5.0V, 
V- 
= 
-5.0V, 
tr = tf = 20 ns unless 
otherwise 
specified. 
Boldf.c. limits .pply for TA = 
TJ = 
TMIN to TMAX; 
all other 
limits TA = 
TJ = 
25'C. 
(Notes 
6 and 7) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
9) 
(Notes 
10, 18) 
(Limits) 


fCLK 
Clock Frequency 


.">, 
2.0 
MHz 


0.5 
MHz(min) 


4.0 
MHz(max) 


Clock Duty Cycle 
50 
% 


40 
%(min) 


I 
, 
60 
%(max) 


tc 
Conversion 
Time 
27(1/fCLK) 
27(1/fcLK) 
+ 300 ns 
(max) 


fCLK= 
2.0 MHz 
13.5 
I-'s 


tA 
Acquisition 
Time 
RSOURCE = 50n 
7(1/fCLK) 
7(1/fcLK) 
+ 300 ns 
(max) 


(Note 15) 
fCLK = 2.0 MHz 
3.5 
I-'s 


tz 
Auto Zero Time 
26 
26 
1/fcLK(max) 


fCLK = 2.0 MHz 
13 
I-'s 


teAL 
.calibration 
Time 
1396 
1/fCLK 


fCLK = 2.0 MHz 
698 
706 
I-'s(max) 


tW(CAL)L 
Calibration 
Pulse Width 
(Note 16) 
60 
200 
ns(min) 


tW(Wfi)L 
Minimum 
WR Pulse Width 
60 
200 
ns(min) 


tACC 
Maximum 
Access 
Time 
CL = 
100 pF 


(Delay from Falling Edge of 
50 
85 
ns(max) 


RD to Output 
Data Valid) 


tOH, t1H 
TR I-STATE Control 
(Delay 
- 
RL = 1 kn, 


from Rising Edge of RD 
CL = 
100 pF 
30 
90 
ns(max) 


to Hi-Z State) 


tpD(iNi) 
Maximum 
Delay from Falling Edge of 
100 
175 
ns(max) 
RD or WR to Reset of INT 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated 
under the listed test 
conditions. 


Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise 
specified. 


Note 3: When the input voltage 
(VIN) at any pin exceeds the power supply rails (VIN < V- 
or VIN > (AVec or DVed, 
the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously 
exceed the power 
supply voltages. 


Note 
4: The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is dictated 
by TJMAX (maximum junction 
temperature), 
8JA (package 
junction 
to ambient 
thermal 
resistance), 
and TA (ambient 
temperature). 
The maximum 
allowable 
power dissipation 
at any temperature 
is ?Dmax = (TJmax - 


TAl/8JA or the number given in the Absolute Maximum Ratings, whichever is lower. For this device, TJmax = 125"C, and the typical thermal resistance 
(8JAl of the 
ADC1242 
CIJ when board mounted is 47'C/W. 


Note 5: Human body model, 100 pF discharged 
through a 1.5 kfi 
resistor. 


Note 6: Two on-chip diodes are tied to the analog input as shown below. Errors in the AID 
conversion 
can occur if these diodes are forward biased more than 


50 mY. 


TLIH/11735-3 


This means that if AVec and DVec are minimum (4.75 Vod 
and V- 
is maximum (-4.75 
Vod, 
full-scale 
must be s: 4.8 Voc. 


I 
II 


Avcc:rr: 
TO INTERNAL 
I 
CIRCUITRY 


DV 
cc 28: 
'TO 
INTERNAL 


, 
a~UITn 
I 
I 
I 
TL/H/11735-4 


To guarantee 
accuracy, 
it is required that the AVec and DVcc be connected 
together to a power supply with separate bypass filters at each Vcc pin. 


Note 
8: Accuracy 
is guaranteed 
at felK = 
2.0 MHz. At higher and lower clock frequencies 
accuracy 
may degrade. 
See curves in the Typical 
Performance 
Characteristics 
Section. 
t 


Note 9: Typicals are at TJ = 25°C and represent 
most likely parametric 
norm. 


Nole 
10: Limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 11: Positive linearity error is defined as the deviation of the analog value, expressed 
in LSBs, from the straight line that passes through positive full scale and 
zero. For negative linearity efror the straight line passes through negative full scale and zero. (See Figures 
Ib and Ie). 


Note 
12: The ADC1242's 
self-calibration 
technique 
ensures linearity, full scale, and offset errors as specified, but noise inherent in the self-calibration 
process will 


result in a repeatability 
uncertainty 
of ± 0.20 LSB. 


Note 
13: If TA changes then an Auto-Zero 
or Auto·Gal cycle will have to be re-started, 
see the typical performance 
characteristic 
curves. 


Note 
14: After an Auto-Zero 
or Auto-Gal cycle at the specified 
power supply extremes. 


Note 15: If the clock is asynchronous 
to the falling edge of W1t an uncertainty of one clock period will exist in the interval of tA, therefore making the minimum tA = 
6 clock periods and the maximum tA = 7 clock periods. If the falling edge of the clock is synchronous 
to the rising edge of WR then tA will be exactly 6.5 clock 
periods. 


Nole 
16: The CA[ 
line must be high before any other conversion 
is started. 


Note 
17: The specifications 
for these parameters 
are valid after an Auto-Gal cycle has been completed."- 


Note 18: A military RETS electrical test specification 
is available upon request. At time of printing, the ADC1241CMJ/883 
RETS specification 
complies fully with the 
boldface 
limits in this column. 
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FIGURE 
2. TRI·STATE 
Test Circuits and Waveforms 
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1.0 Pin Descriptions 
DVcc (28), 
The digital and analog positive power supply 
AVec (4) 
pins. The digital and analog power supply 
voltage range of the ADC1242 is +4.5V to 
+5.5V. To g'uaranteeaccuracy, it is required 
that the AVec anq DVcc be connected to- 
gether to the same power supply with sepa- 
rate bypass filters (10!£F tantalum in parallel 
with a 0.1 !£Fceramic) at each Vcc pin. 
V- (5) 
The analog negative supply voltage pin. V- 
has a range of -4.5V to -5.5V and needs a 
bypass filter of 10 !£Ftantalum in parallel with 
a 0.1 !£F ceramic. 
DGND (14), 
The digital and analog ground pins. AGND 


AGND (3) 
and DGND must be connected together ex- 
ternally to guarantee accuracy. 
VREF(2) 
The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVec or DVCC by more than 
50 mV or go below 3.5 VDC. 


VIN (1) 
The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed VCCby more than 50 mV or go below 
V- 
by more than 50 mY. 


'CS (10) 
The Chip Select control input. This input is 
active low and enables the WR and RD func- 
tions. 
m; (11) 
The Read control input. With both 'CS and RD 
low the TRI-STATE output buffers are en- 
abled and the INT output is reset high. 
WFl (7) 
The Write control input. The converison is 
started on the rising edge of the WFl pulse 
when 'CS is low. 


ClK (8) 
The ex1ernal clock input pin. The clock fre- 
quency range is 500 kHz to 4 MHz. 
CAr: (9) 
The 
Auto-Calibration control 
input. When 
CAr: is low the ADC1242 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in RAM. These values are used to cor- 
rect the errors during a normal cycle of AID 
conversion. 
A'l (6) 
The Auto-Zero control input. With the AZ pin 
held low during a conversion, the ADC1242 
goes into an auto-zero cycle before the actu- 
al AID conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (te) is in- 
creased by 26 clock periods when Auto-Zero 
is used. 
EOC (12) 
The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 


TfiIT (13) 
The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the 
result or starting a conversion or calibration 
cycle will reset this output high. 


DBO-DB12 
(15-27) 
The TRI-STATE output pins. The output is in 
two's complement format with DB12 the sign 
bit, DB11 the MSB and DBOthe lSB. 


2.0 Functional Description 
The ADC1242 is a 12-bit plus sign AID converter with the 
capability of doing Auto-Zero or Auto-Cal routines to mini- 
mize zero, full-scale and linearity errors. It is a successive- 
approximation AID converter consisting of a DAC, compar- 
ator and a successive-approximation register (SAR). Auto- 
Zero is an internal calibration sequence that corrects for the 
AID's zero error caused by the comparator's offset voltage. 
Auto-Cal is a calibration cycle that not only corrects zero 
error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC1242 without the need of trimming during its fab- 
rication. An Auto-Cal cycle can restore the accuracy of the 
ADC1242 at any time, which ensures its long term stability. 


2.1 DIGITAL INTERFACE 
On power up, a calibration sequence should be initiated by 
pulsing CAr: low with 'CS, RD, and WR high. To acknowl- 
edge the CA[ signal, EOC goes low after the falling edge of 
CAr:, and remains low during the calibration cycle of 1396 
clock periods. During the calibration sequence, first the 
comparator's 
offset 
is determined, then the capacitive 


DAC's mismatch error is found. Correction factors for these 
errors are then stored in internal RAM. 
A conversion is initiated by taking 'CS and WR low. The A'2. 
(Auto Zero) signal line should be tied high or low during the 
conversion process. If AZ is Iowan auto zero cycle, which 
takes approximately 26 clock periods, occurs before the ac- 
tual conversion is started. The auto zero cycle determines 
the correction factors for the comparator's offset voltage. If 
AZ is high, the auto zero cycle is skipped. Nex1the analog 
input is sampled for 7 clock periods, and held in the capaci- 
tive DAC's ladder structure. The EOC then goes low, signal- 
ing that the analog input is no longer being sampled and 
that the AID 
successive approximation conversion has 


started. 
During a conversion, the sampled input voltage is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Nex1the MSB of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MS8 is left 
high; otherwise it is set low. The nex1bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result is then 
stored in the output latch of the ADC1242. Nex1EOC goes 
high, and iN'i' goes low to signal the end of the conversion. 
The result can now be read by taking 'CS and AD low to 
enable the 080-0812 
output buffers. 


DIgital Control Inputs 
AID Function 
~ 
WJi 
1m 
~ 
A% 


LJ 
LJ 
1 
1 
1 
Start Conversion without Auto-Zero 
LJ 
1 
LJ 
1 
1 
Read Conversion Result without Auto-Zero 


LJ 
LJ 
1 
1 
0 
Start Conversion with Auto-Zero 


LJ 
1 
LJ 
1 
0 
Read Conversion Result with Auto-Zero 


1 
X 
X 
LJ 
X 
Start Calibration Cycle 
0 
X 
1 
0 
X 
Test Mode (DB2, DB3, DB5 and DB6 become active) 


The table in Figure 
3 summarizes the effect of the digital 


control inputs on the function of the ADC1242. The Test 
Mode, where RD is high and CS and"CA[ are low, is used by 
the factory to thoroughly check out the operation of the 
ADC1242. Care should be taken not to inadvertently be in 
this mode, since DB2, DB3, DB5, and DB6 become active 
outputs, which may cause data bus contention. 


2.2 RESETTING THE AID 
All internal logic can be reset, which will abort any conver- 
sion in process. The AID is reset whenever a new conver- 
sion is started by taking CS and WR low. If this is done when 
the analog input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore 
making it necessary to do an Auto-Cal cycle before the next 
conversion. This is true with or without Auto-Zero. The Cali- 
bration Cycle cannot be reset once started. On power-up 
the ADC1242 automatically goes through a Calibration Cy- 
cle that takes typically 1396 clock cycles. 


3.0 Analog Considerations 


3.1 REFERENCEVOLTAGE 


The voltage applied to the reference input of the converter 
defines the voltage span of the analog input (the difference 
between VIN and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving VREF must have a 
very low output impedance and very low noise. The circuit in 
Figure 
4 is an example of a very stable reference that is 


appropriate for use with the ADC1242. 


In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the AID reference. When this 
voltage is the system power supply, the VREFpin can be 
tied to Vee. This technique relaxes the stability requirement 
of the system reference as the analog input and AID refer- 
ence move together maintaining the same output code for 
given input condition. 


-Tantalum 
FIGURE 4. Low Drift Extremely Stable Reference CIrcuit 


fJI 


CrXTI 


For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 


3.2 INPUT CURRENT 


A charging current will flow into or out of (depending on the 
input voltage polarity) of the analog input pin (VIN) on the 
start of the analog input salJ1plingperiod (tA)' Th'epeak val- 
ue of this current will depend, on the actual input voltage 
applied. ' 
., 


3.3 INPUT 
BYPASS 
CAPACITORS 
An external capacitor can be used to filter out any noise due 
to inductive pickup by a long input lead and will not degrade 
the accuracy of the conversion result. 
., 


3.4 INPUT SOURCE 
RESISTANCj: 
The analog input can be modeled as shown in Figure 5. 
External RSEwill lengthen the time period necessary for the 
voltage on CREFto settle to within % LSB of the analog 
input voltage. With fCLK = 2 MHz tA = 7 clock periods = 
3.5 "'S, RSE :5: 1 kO will allow a 5V analog input voltage to 
settle properly. 


3.5 NOISE 


The leads to the analog input pin should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to this input can cause er- 
rors. Input filtering can be used to reduce the effects of 
these noise sources. 


3.6 POWER 
SUPPLIES 


Noise spikes on the VCC and V- 
supply lines can cause 
conversion errors as the comparator will respond to this 
noise. The AID is especially sensitive during the auto-zero 
or auto-cal procedures to any power supply spikes. Low in 


ductance tantalum capacitors of 10 ",F or greater paralleled 
with 0.1 ",F ceramic capacitors are recommended for supply 
bypassing. Separate bypass capacitors whould be placed 
close to the DVcc, AVcc and V- 
pins. If an unregulated 
voltage source is available in the system, a separate 
LM340LAZ-5.0 voltage regulator for the A-to-D's Vcc (and 
other analog circuitry) will greatly reduce digital noise on the 
supply line. 


3.7 THE CALIBRATION 
CYCLE 


On power up the ADC1242 goes through an Auto-Cal cycle 
which cannot be interrupted. Since the power supply, refer- 
ence, and clock will not be stable at power up, this first 
calibralion cycle will not result in an accurate calibration of 
the AID. A new calibration cycle needs to be started after 
the power supplies, reference, and clock have been given 
enough time to stabilize. During the calibration cycle, cor- 
rection values are determined for the offset voltage Of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall gain, offset, 
and linearity errors down to the specified limits. It should be 
necessary to go through the calibration cycle only once af- 
ter power up. 


3.8 THE AUTO-ZERO 
CYCLE 


To correct for any change in the zero (offset) error of the 
A/D, the auto-zero cycle can be used. It may be necessary 
to do an auto-zero cycle whenever the ambient temperature 
changes significantly. (See the curved titled "Zero Error 
Change vs Ambient Temperature" in the Typical Perform- 
ance Characteristics.) A change in the ambient temperature 
'fIiJl cause the Vas of the sampled data comparator to 
change, which may cause the zero error of the AID to be 
greater than the amount specified. An auto-zero cycle will 
maintain the zero error to the amount specified or less. 


4.0 Dynamic Performance 
Many applications require the AID converter to digitize ac 
signals, but the standard dc integral and differential nonlin- 
earity specifications will not accurately predict the AID con- 
verter's performance with ac input signals. The important 
specifications for ac applications reflect the converter's abil- 
ity to digitize ac signals without significant spectral errors 
and without adding noise to the digitized signal. Dynamic 
characteristics 
such 
as 
signal-to-noise+distortion 
ratio 
(51 (N+ Dj), effective bits, full power bandwidth, aperture 
time and aperture jitter are quantitative measures of the 
AID converter's capability. 


An AID converter's ac performance can be measured using 
Fast Fourier Transform (FFT) methods. A sinusoidal wave- 
form is applied to the AID converter's input, and the trans- 
form is then performed on the digitized waveform. 5/(N+ 
D) 
is calculated from the resulting FFT data, and a spectral plot 
may also be obtained. Typical values for 5/(N + D) are 
shown in the table of Electrical Characteristics, and spectral 
plots are included in the typical performance curves. 
The AID converter's noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the 51(N+ D) versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the 51(N+ D) drops 3 dB). 


Two samplelhold specifications, aperture time and aperture 
jitter, are included in the Dynamic Characteristics table 
since the ADC1242 has the ability to track and hold the 
analog input voltage. Aperture time is the delay for the AID 
to respond to the hold command. In the case of the 
ADC1242, the hold command is internally generated. When 
the Auto-Zero function is not being used, the hold command 
occurs at the end of the acquisition window, or seven clock 
periods after the rising edge of the WR. The delay between 
the internally generated hold command and the time that 
the ADC1242 aetlJally holds the input signal is the aperture 
time. For the ADC1242, this time is typically 100 ns. Aper- 
ture jitter is the change in the aperture time from sample to 
sample. Aperture jitter is useful in determining the maximum 
slew rate of the input signal for a given accuracy. For exam- 
ple, an ADC1242 with 100 ps of aperture jitter operating with 
a 5V reference can have an effective gain variation of about 
1 L5B with an input signal whose slew rate is 12 VI!,-s. 


ADC 12441 Dynamically-Tested 
Self-Calibrating 
12-Bit 
Plus Sign AID Converter with Sample-and-Hold 


General Description 


The ADC12441 
is a CMOS 
12-bit 
plus sign successive 
ap- 


proximation 
analog-to-digital 
converter 
whose 
dynamic 


specifications 
(SIN, THD, 
etc.) are tested 
and guaranteed. 
On request, 
the ADC12441 
goes 
through 
a self-calibration 


cycle 
that 
adjusts 
positive 
linearity 
and full-scale 
errors 
to 


less 
than 
± Yo 
LSB 
each 
and 
zero 
error 
to 
less 
than 


± 1 LSB. The ADC12441 
also has the ability to go through 


an Auto-Zero 
cycle that corrects 
the zero error during every 


conversion. 


The analog 
input to the ADC12441 
is tracked 
and held by 


the internal 
circuitry, 
and therefore 
does 
not require 
an ex- 


ternal 
sample-and-hold. 
A 
unipolar 
analog 
input 
voltage 


range (OV to + 5V) or a bipolar 
range (- 
5V to + 5V) can be 


accommodated 
with 
± 5V supplies. 


The 13-bit word on the outputs 
of the ADC12441 
gives a 2's 


complement 
representation 
of negative 
numbers. 
The digi- 
tal inputs 
and 
outputs 
are compatible 
with 
TIL 
or CMOS 


logic levels. 


Features 


• 
Self-calibration 
provides 
excellent 
temperature 
stability 


• 
Internal 
sample-and-hold 


• 
Bipolar 
input range 
with single + 5V reference 


Applications 


• 
Digital 
signal 
processing 


• 
Telecommunications 


• 
Audio 
• 
High resolution 
process 
control 


• 
Instrumentation 


Key Specifications 


• 
Resolution 


• 
Conversion 
Time 


• 
Bipolar 
Signal/Noise 


• 
Total 
Harmonic 
Distortion 


• 
Aperture 
Time 


• 
Aperture 
Jitter 


• 
Zero 
Error 
• 
Positive 
Full Scale 
Error 


• 
Power 
Consumption 
@ 
± 5V 


• 
Sampling 
rate 


12 bits plus sign 


13.8 /Ls (max) 


76.5 dB (min) 
-75 dB (max) 
100 ns 
100 PSrms 


±1 
LSB (max) 


±1 
LSB (max) 


70 mW (max) 


55 kHz (max) 
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Top View 


Order 
Number 
ADC12441CMJ, 
ADC12441CMJ/883 


or ADC12441CIJ 
See NS Package 
Number 
J28A 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Temperature 
Range 
TMIN :s;TA :s;TMAX 


please 
contact 
the 
National 
semiconductor 
Sales 
ADC12441CIJ 
-40'C:s; 
TA :s; +85°C 


Office/Distributors 
for 
availability 
and 
specifications. 
ADC12441CMJ, 


Supply Voltage 
(Vec = DVcc = AVec) 
6.5V 
ADC12441 
CMJ/883 
-55°C:s; 
TA:S; + 125°C 


Negative 
Supply Voltage 
(V-) 
-6.5V 
DVcc 
and AVcc 
Voltage 


Voltage 
at Logic Control 
Inputs 
-0.3Vto 
(Vcc+0.3V) 
(Notes 
6 & 7) 
4.5Vto 
5.5V 


Voltage 
at Analog 
Inputs 
Negative 
Supply Voltage 
(V-) 
-4.5V 
to -5.5V 


(VIN and VREF) 
(V- 
-0.3V) 
to (Vec+0.3V) 
Reference 
Voltage 


AVec-DVec 
(Note 7) 
0.3V 
(VREF. Notes 6 & 7) 
3.5V to AVec 
+ 50 mV 


Input Current 
at Any Pin (Note 3) 
±5mA 


Package 
Input Current 
(Note 3) 
±20mA 


Power Dissipation 
at 25°C (Note 4) 
875mW 


Storage 
Temperature 
Range 
- 65°C to + 150'C 


ESD Susceptability 
(Note 5) 
2000V 


Soldering 
Information 


J Package 
(10 sec.) 
300°C 


t 


Converter 
Electrical Characteristics 


The following 
specifications 
apply for Vcc = DVcc 
= AVcc 
= 
+5.0V, 
V- 
= 
-5.0V, 
VREF = 
+5.0V, 
Analog 
Input Source 
Impedance 
= 600n, 
and fCLK = 2.0 MHz unless 
otherwise 
specified.'Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; 
all other 
limits TA = TJ = 25°C. (Notes 
6,7 
and 8) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


., 
(Note9) 
(Note 
10) 
(Umlt) 


STATIC 
CHARACTERISTICS 
~ 


Positive 
Integral 
Linearity 
Error 
" 
, 


After Auto-Cal 
(Notes 
11 & 12) 
±% 
LSB 


Negative 
Integral 
Linearity 
Error 
After Auto-Cal 
(Notes 
11 & 12) 
±3/4 
LSB 


Positive 
or Negative 
Differential 
Linearity 
After Auto-Cal 
(Notes 
11 & 12) 
12 
Bits 


Zero Error 
After Auto-Zero 
or Auto-Cal 
±1 
LSB(max) 
(Notes 
12 & 13) 


Positive 
Full-Scale 
Error 
After Auto-Cal 
(Note 12) 
±% 
±1 
LSB (max) 


Negative 
Full-Scale 
Error 
After Auto-Cal 
(Note 12) 
±1/ 
±2 
LSB(max) 


VIN 
Analog 
Input Voltage 
y- - 0.05 
V(min) 


Yee 
+ 0.05 
V(max) 


Power Supply 
Zero Error (Note 14) AVec = DVec = 5V ±5%, 
±'Is 
LSB 


Sensitivity 


Full-Scale 
Error 
VREF = 4.75V, V- 
= -5V 
±5% 
±'Is 


,. 


LSB 


Linearity 
Error 
- 
±'Is 
u· 
LSB 


CREF 
VREF Input Capacitance 
(Note 18) 
. 
80 
pF 
,- 


CIN 
Analog 
Input Capacitance 
, 
. 
65 
pF 


DYNAMIC 
CHARACTERISTICS 
, 


Bipolar 
Effective 
Bits 
fiN = 1 kHz. VIN = ±4.85V 
12.6 
Bits 


(Note 
17) 


fiN = 20 kHz, VIN = ±4.85V 
12.6 
12.4 
Bits (min) 


Unipolar 
Effective 
Bits 
fiN = 1 kHz, VIN = 4.85 Vp_p 
11.8 
Bits 
(Note 17) 


fiN = 20 kHz, VIN = 4.85 Vp_p 
11.8 
11.6 
Bits (min) 


SIN 
Bipolar 
Signal-to-Noise 
Ratio 
fiN = 1 kHz, VIN = ±4.85V 
78 
dB 


(Note 
17) 


fiN = 10 kHz, VIN = ±4.85V 
78 
dB 


fiN = 20 kHz, VIN = ±4.85V 
78 
76.5 
dB (min) 


SIN 
Unipolar 
Signal-to-Noise 
Ratio 
fiN = 1 kHz, VIN = 4.85 Vp-p 
73 
dB 


(Note 
17) 
fiN = 10 kHz, VIN = 4.85 Vp_p 
73 
dB 


fiN = 20 kHz, VIN = 4.85 Vp-p 
73 
71.5 
dB (min) 


• 


Converter 
Electrical Characteristics 


The following 
specifications 
apply for Vcc = DVCC = AVcc 
= 
+5.0V, 
V- 
= 
-5.0V, 
VREF = 
+5.0V, 
Analog 
Input Source 
Impedance 
= 6000, 
and fCLK = 2.0 MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; 


all other 
limits TA = TJ = 25'C. 
(Notes 
6, 7 and 8) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 
(Note 
9) 
(Notes 
10, 19) 
(Limit) 


DYNAMIC 
CHARACTERISTICS 
(Continued) 


THD 
Bipolar Total Harmonic 
Distortion 
fiN = 1 kHz, VIN = 
± 4.85V 
-82 
dB 


(Note 17) 
fiN = 19.688 kHz, VIN = 
± 4.85V 
-80 
-75 
dB (max) 


THD 
Unipolar 
Total Harmonic 
Distortion 
fiN = 1 kHz. VIN = 4.85 Vp_p 
-82 
dB 


(Note 17) 
fiN = 19.688 kHz. VIN = 4.85 Vp.p 
-80 
-75 
dB (max) 


Bipolar 
Peak Harmonic 
or 
fiN = 1 kHz, VIN = ±4.85V 
-88 
dB 
Spurious 
Noise (Note 17) 
fiN = 10kHz, 
VIN = 
± 4.85V 
-84 
dB 
- 


fiN = 20 kHz, VIN = 
±4.85V 
-80 
J 
dB 


Unipolar 
Peak Harmonic 
or 
fiN = 1 kHz, VIN = 4.85 Vp_p 
-90 
dB 


Spurious 
Noise (Note 17) 
fiN = 10 kHz, VIN = 4.85 Vp.p 
-86 
dB 


w 
fiN = 20 kHz, VIN = 4.85 Vp.p 
-82 
r 
dB 


Bipolar Two Tone Intermodulation 
VIN = 
±4.85V, 
flN1 = 19.375 kHz, 
-78 
-74 
dB (max) 
~ 
Distortion 
(Note 17) 
flN2 = 20.625 
kHz 


Unipolar 
Two Tone Intermodulation 
-"' . 
VIN = 4.85 Vp_p,flN1 = 19.375 kHz, 
Distortion 
(Note 17) 
flN2 = 20.625 
kHz 
-78 
-73 
dB (max) 


- 3 dB Bipolar 
Full Power Bandwidth 
VIN = 
± 4.85V (Note 17) 
25 
20 
kHz (Min) 


-3 
dB Unipolar 
Full Power Bandwidth 
VIN = 4.85 Vp_p (Note 17) 
30 
20 
kHz (Min) 


Aperture 
Time 
100 
ns 


Aperture 
Jitter 
. 
100 
PSrms 


Digital and DC Electrical Characteristics 
The following 
specifications 
apply for DVcc 
= AVcc 
= 
+5.0V, 
V- 
= 
-5.0V, 
VREF = 
+5.0V, 
and fCLK = 2.0 MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25'C. 
(Notes 
6 and 7) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
9) 
(Notes 
10, 19) 
(Limits) 


VIN(1) 
logical 
"1" 
Input Voltage 
for 
Vcc = 5.25V 
2.0 
V (min) 
All Inputs except 
ClK 
IN 


VIN(O) 
logical 
"0" 
Input Voltage 
for 
Vcc = 4.75V 
0.8 
V (max) 
All Inputs except 
ClK 
IN 


IIN(1) 
logical" 
1" Input Current 
VIN = 5V 
- 
- 
0.005 
1 
/LA (max) 


IIN(O) 
logical 
"0" 
Input Current 
VIN = OV 
- 
-0.005 
'"> ....:·1> 
/LA (max) 


VT+ 
ClK 
IN Positive-Going 


. 


Threshold 
Voltage 
2.8 
2.7 
V (min) 


VT- 
ClK 
IN Negative-Going 


..'. 


2.1 
2.3 
V (max) 
Threshold 
Voltage 
I 
I 


VH 
ClK 
IN Hysteresis 
0.7 
0.4 
V (min) 
. 
[VT+ 
(min) - 
VT- 
(max)] 


VOUT(1) 
logical 
"1" 
Output Voltage 
Vcc = 4.75V: 


lOUT = -360/LA 
2.4 
V (min) 


lOUT = -10/LA 
4.5 
V (min) 


VOUT(O) 
logical 
"0" 
Output Voltage 
Vcc = 4.75V,IOUT 
= 1.6 mA 
0.4 
V (max) 


Digital and DC Electrical Characteristics 
The following specifications apply for DVcc = AVcc = 
+ S.OV,V- 
= -S.OV, VREF = 
+ S.OV,and fClK = 2.0 MHz unless 
otherwise specified. Boldface limits apply for TA = TJ = l'MIN to TMAX;all other limits TA = TJ = 2S·C. 
(Notes 6 and 7) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 
(Note 9) 
(Notes 10, 19). 
(Limits) 


lOUT 
TRI-STATE«>Output Leakage 
VOUT= OV 
-0.01 
-3 
p.A(max) 
Current 
VOUT= SV 
0.01 
3 
p.A(max) 


ISOURCE 
Output Source Current 
VOUT= OV 
-20 
-6.0 
mA(min) 


ISINK 
Output Sink Current 
VOUT= SV 
20 
8.0 
mA(min) 


Dicc 
DVCCSupply Current 
fClK = 2 MHz,CS = "1" 
1 
2 
mA(max) 


AICC 
AVCCSupply Current 
fClK = 2 MHz,CS = "1" 
2.8 
6 
mA(max) 


I- 
V- Supply Current 
fClK = 2 MHz,CS = "1" 
2.8 
6 
mA(max) 


AC Electrical Characteristics 
The following specifications apply for DVcc = AVcc = 
+S.OV, V- 
= 
-S.OV, t, = tf = 20 ns unless otherwise specified. 


Boldface limits apply for TA = TJ = TMINto TMAX;all other limits TA = TJ = 2S·C. (Notes 6 and 7) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 
(Note 9) 
(Notes 10, 19) 
(Limits) 


fClK 
Clock Frequency 
O.S 
MHz (min) 


". - ~ 
'" 
4.0 
- 
2.0 
MHz (max) 


Clock Duty Cycle 
• :on,' 
SO 
% 
40 
% (min) 


( 
60 
% (max) 


Ie 
Conversion Time 
'". 
27(1/fClK) 
27(1/fCLK) 
+ 300 
na 
(max) 


fClK= 2.0 MHz 
13.S 
p's 


tA 
Acquisition Time 
RSOURCE= SOO 
7(1/fClK) 
7(1/fcLK) 
+ 300 
na 
(max) 


(Note 1S) 
fClK = 2.0 MHz 
3.S 
, 
p.s 


tz 
Auto Zero Time 
26(1/fClK) 
26(1/fCLK) 
(max) 


fClK = 2.0 MHz 
13 
p.s 


tCAl 
Calibration Time 
1396(1/fClK) 
.. 
max 


fClK = 2.0 MHz 
698 
706 
p.s(max) 


tW(CAl)l 
Calibration PulseWidth 
(Note 16) 
60 
200 
ns(min) 


tW(WRll 
Minimum WR PulseWidth 
60 
200 
ns(min) 


tACC 
Maximum Access Time 
Cl = 100pF 
(Delay from Falling Edge of 
SO 
8S 
ns(max) 


RD to Output Data Valid) 


loH,t1H 
TRI-STATE Control 
Rl = 1 kO, 


(Delay from Rising Edge of 
Cl = 100pF 
30 
90 
ns(max) 


RD to Hi-Z State) 


tpD(lNT) 
Maximum Delay from Falling Edge of 
100 
175 
ns(max) 
RD or WR to Reset of INT 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated 
under the listed test 
conditions. 
. 


Note 2: All voltages 
are measured with respect to AGND and DGNO, unless otherwise 
specified. 


Note 3: When the input voltage 
(VIN) at any pin exceeds the power supply rails (VIN < V- 
or VIN > (AVec or DVCC), the current at that pin should be limited to 


5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously 
exceed the power 
supply vonagas. 


AC Electrical Characteristics 
(Continued) 


Not. 
4: The power dissipation 
of this device under normal operation 
should never exceed 
169 mW (Quiescent 
Power Dissipation + TIL 
Loads on the digital 
outputs). Caution should be taken not to exceed absolute maximum power rating when the device is operating in a severe fautt condition 
(ex. when any inputs or 
outputs 
exceed 
the power supply). The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is dietsted 
by TJmax (maximum 
junction 
temperature), 
6JA (package 
junction 
to ambient 
thermal 
resistance), 
and TA (ambient 
temperature). 
The maximum 
allowable 
power 
dissipation 
at any temperature 
is Pomax = (TJmax - 
TAl/8JA 
or the number 
given in the Absolute 
Maximum 
Ratings, 
whichever 
is lower. For this device, 
TJmax = 12S·C. and the typical 
thermal 
resistance 
(6JAl of the AOC12441 with CMJ and CIJ suffixes when board mounted is 4T'C/W. 


Not. 
5: Human body model. 100 pF discharged 
through a 1.5 kn resistor. 


Note 6: Two on-ehip diodes are tied to the analog input as shown below. Errors in the AID conversion 
can occur if these diodes are forward biased more than 
50 mY. 


y- 
TUH/11017-3 


This means that ~ AVrx 
and DVrx 
are minimum (4.75 Vocl and V- 
is maximum (-4.75 
Vocl. 
full-scale 
must be ,; 4.8 Voc. 


Not. 
7: A diode exists between AVrx 
and DVrx 
as shown below. 


I 
I 


AV"":II: 
TOINTERNAL 
I 
CIRCUITRY 
I 
I 
DV""28 
I 
~:rr:.,NAL 
I 
I 
TUH/l1017-4 


To guarantee 
accuracy. 
it is required that the AVrx 
and DVrx 
be connected 
together to a power supply with separate bypass fillers at each Vrx 
pin. 


Note 8: Accuracy 
is guaranteed 
at feLK = 
2.0 MHz. At higher and lower clock frequencies 
accuracy 
may degrade. 
See curves in the Typical 
Performance 
Characteristics 
section. 


Not. 
9: Typicals are at TJ = 25"C and represent 
most likely parametric 
norm. 


Not. 
10: Limits are guaranteed 
10 National's 
AOQL (Average Outgoing Quality Level). 


Note 11: Positive linearity error is defined as the d~ation 
of the analog value, expressed i~ LSBs, from the straight line that passes through positive full scale and 
zero. For negative linearity error the straight line passes through negative full scale and zero. (See Figures 
lb and Ie.) 
I 


Note 12: The ADC12441's 
self-calibration 
technique ensures linearity, full scale. and offset errors 8S specified. but noise inherent in the self-calibration 
process will 
resull in a repeatability 
uncertainty 
of ±0.20 
LSB. 


Not. 
13: If TA changes then an Auto-Zero 
or Auto-Cal cycle will have to be r•••started (see the Typical Performance 
Characteristic 
curves). 


Not. 
14: After an Auto-Zero 
or Auto-Cal cycle at the specified 
power supply extremes. 


Nota 
15: If the clock is asynchronous 
to the falling edge of WR" an uncertainty 
of one clock period will exist in the interval of tA. therefore 
making the minimum 
tA ~ 6 clock periods and the maximum fA = 7 clock periods. If the falling edge of the clock is synchronous 
to the rising edge of WR" then tA will be exactly 6.5 clock 
periods. 


Note 11: The CAr line must be high before a conversion 
is started. 


Note 17: The specifications 
for these parameters 
are valid after an Auto-Gal cycle has been completed. 


Note 18: The ADC12441 
reference 
ladder is composed 
solely of capacitors. 


Nota 
19: A Military RETS Electrical Test Specification 
is available on request. At time of printing the AOC12441CMJ/863 
RETS complies fully with the boldfa"" 
limits in this column. 
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1.0 Pin Descriptions 


DVcc (28), 
AVec (4) 


DGND (14), 
AGND (3) 


The digital and analog positive power supply 
pins. The digital and analog power supply 
voltage range of the ADC12441 is +4.5V to 
+5.5V. To guarantee accuracy, it is required 
that the AVec and DVec be connected to- 
gether to the same power supply with sepa- 
rate bypass filters (10 p.Ftantalum in parallel 
with a 0.1 p.F ceramic) at each Vcc pin. 
The analog negative supply voltage pin. V- 
has a range of -4.5V to -5.5V and needs a 
bypass filter of 10 p.Ftantalum in parallel with 
a 0.1 p.F ceramic. 


The digital and analog ground pins. AGND 
and DGND must be connected together ex- 
ternally to guarantee accuracy. 
The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVec or DVcc by more than 
50 mV or go below 3.5 VDC. 
The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed VCCby more than 50 mV or go below 
V- 
by more than 50 mY. 


The Chip Select control input. This input is 
active low and enables the ~ 
and Rl) func- 


tions. 
The Aead control input. With both "C"Sand AD 
low the TAl-STATE output buffers are en- 
abled and the mT output is reset high. 
The Write control input. The converison is 
started on the rising edge of the ~ 
pulse 
when"C"Sis low. 


The external clock input pin. The clock fre- 
quency range is 500 kHz to 4 MHz. 
The 
Auto-Calibration control 
input. When 
~ 
is low the ADC12441 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in AAM. These values are used to cor- 
rect the errors during a normal cycle of AID 
conversion. 
The Auto-Zero control input. With the A.'l. pin 
held low during a conversion, the ADC12441 
goes into an auto-zero cycle before the actu- 
al AID 
conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (Ie) is in- 
creased by 26 clock periods when Auto-Zero 
is used. 


The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 


The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Aeading the 
result or starting a conversion or calibration 
cycle will reset this output high. 


D60-D612 
(15-27) 
The TAl-STATE output pins. The output is in 
two's complement format with D612 the sign 
bit, D611 the MS6 and D60 the LS6. 


2.0 Functional Description 
The ADC12441 is a 12-bit plus sign AID converter with the 
capability of doing Auto-Zero or Auto-Cal routines to mini- 
mize zero, full-scale and linearity errors. It is a successive- 
approximation AID converter consisting of a DAC, compar- 
ator and a successive-approximation register (SAR). Auto- 
Zero is an internal calibration sequence that corrects for the 
AID's zero error caused by the comparator's offset voltage. 
Auto-Cal is a calibra1ion cycle ihat not only corrects zero 
error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC12441 without the need of trimming during its 
fabrication. An Auto-Cal cycle can restore the accuracy of 
the ADC12441 at any time, which ensures its long term sta- 
bility. 


2.1 DIGITAL 
INTERFACE 
On power up, a calibration sequence sI"Iouldbe initiated by 
pulsing GAL low with CS, RD, and WR high. To acknowl- 
edge the GAL signal, EOC goes low after the falling edge of 
GAL, and remains low during the calibration cycle of 1396 
clock periods. During the calibration sequence, first the 
comparator's 
offset 
is determined, then the capacitive 


DAC's mismatch error is found. Correction factors for these 
errors are then stored in internal RAM. 
A conversion is initiated by taking CS and WR low. The AZ 
(Auto Zero) signal line should be tied high or low during the 
conversion process. If A.'l. is Iowan auto zero cycle, which 
takes approximately 26 clock periods, occurs before the ac- 
tual conversion is started. The auto zero cycle determines 
the correction factors for the comparator's offset voltage. If 
AZ is high, the auto zero cycle is skipped. Next the analog 
input is sampled for 7 clock periods, and held in the capaci- 
tive DAC's ladder structure. The EOC then goes low, signal- 
ing that the analog input is no longer being sampled and 
that the AID 
successive approximation conversion has 


started. 


During a conversion, the sampled input voltage is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Next the MS6 of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MS6 is left 
high; otherwise it is set low. The next bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result is then 
stored in the output latch of the ADC12441. Next EOC goes 
high, and INT goes low to signal the end of the conversion. 
The result can now be read by taking CS and RD low to 
enable the D60-D612 
output buffers. 


• 


.•.. 
~~ 
2.0 Functional Description 
(Continued) 
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DIgital Control Inputs 
AID Function 
CS 
WR 
AD 
CAL 
AZ 
L.J 
L.J 
1 
1 
1 
Start Conversion without Auto-Zero 
L.J 
1 
L.J 
1 
1 
Read Conversion Result without Auto-Zero 
L.J 
L.J 
1 
1 
0 
Start Conversion with Auto-Zero 
L.J 
1 
L.J 
1 
0 
Read Conversion Result with Auto-Zero 
1 
X 
X 
L.J 
X 
Start Calibration Cycle 
0 
X 
1 
0 
X 
Test Mode (D82, D83, D85 and D86 become active) 


FIGURE 1. Function of the AID Control Inputs 


The table in Figure 
1 summarizes the effect of the digital 


control inputs on the function of the ADC12441. The Test 
Mode, where AD is high and CS and Ci'iL are low, is used 
during manufacture to thoroughly check out the operation of 
the ADC12441. Care should be taken not to inadvertently 
be in this mode, since D82, D83, D85, and D86 become 
active outputs, which may cause data bus contention. 


2.2 RESETTING THE AID 
All internal logic can be reset, which will abort any conver- 
sion in process. The AID is reset whenever a new conver- 
sion is started by taking CS and WR low. If this is done when 
the analog input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore re- 
quiring an Auto-Cal cycle before the next conversion. This is 
true with or without Auto-Zero. The Calibration Cycle cannot 
be reset once started. On power-up the ADC12441 auto- 
matically goes through a Calibration Cycle that takes typi- 
cally 1396 clock cycles. For reasons that will be discussed 
in Section 3.7, a new calibration cycle needs to be started 
after the completion of the automatic one. 


3.0 Analog Considerations 


3.1 REFERENCEVOLTAGE 
The voltage applied to the reference input of the converter 
defines the voltage span of the analog input (the difference 
between VIN and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving VREF must have a 
very low output impedance and very low noise. The circuit in 
Figure 
2a is an example of a very stable reference that is 


appropriate for use with the ADC12441. The simple refer- 
ence circuit of Figure 2b may be used when the application 
does not require low full scale errors. 
In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the AID reference. When this 
voltage is the system power supply, the VREF pin can be 
tied to Vcc. This technique relaxes the stability requirement 
of the system reference as the analog input and AID refer- 
ence move together maintaining the same output code for 
given input condition. 


-Tantalum 


··Ceramic 


FIGURE 2a. Low DrIft Extremely Stable Reference Circuit 
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Zero 
Linearity 


TLIH/11017-20 


FIGURE 2b. Simple Reference Circuit 


For absolute 
accuracy, 
where 
the 
analog 
input 
varies 
be- 
tween 
very specific 
voltage 
limits. the reference 
pin can be 
biased 
with a time and temperature 
stable 
voltage 
source. 


In general, 
the 
magnitude 
of the 
reference 
voltage 
will re- 
quire an initial adjustment 
to null out full-scale 
errors. 


3.2 INPUT CURRENT 


Because 
the input network 
of the ADC12441 
is made up of 
a switch 
and a network 
of capacitors, 
a charging 
current 
will 
flow into or out of (depending 
on the input voltage 
polarity) 
of the analog 
input pin (VIN) on the start of the analog 
input 


sampling 
period 
(tA)' The peak value 
of this current 
will de- 
pend on the actual 
input voltage 
applied. 


3.3 NOISE 


The leads to the analog 
input pin should 
be kept as short as 


possible 
to minimize 
input 
noise 
coupling. 
Both 
noise 
and 


undesired 
digital 
clock 
coupling 
to this input can cause 
er- 


rors. 
Input 
filtering 
can 
tie 
used 
to 
reduce 
the 
effects 
of 


these 
noise 
sources. 


3.4 INPUT 
BYPASS 
CAPACITORS 


An external 
capacitor 
can be used to filter out any noise due 


to inductive 
pickup 
by a long input lead and will not degrade 


the accuracy 
of the conversion 
result. 


3.5 INPUT SOURCE 
RESISTANCE 


The 
analog 
input 
can 
be modeled 
as shown 
in Figure 
3. 


External 
Rs will lengthen 
the time period 
necessary 
for the 


voltage 
on CREF to settle 
to within y. LSB of the 
analog 


input voltage. 
With fCLK = 2 MHz tA = 7 clock 
periods = 
3.5 pos, Rs 
,;; 1 kD. will allow 
a 5V analog 
input voltage 
to 


settle 
properly. 


3.6 POWER 
SUPPLIES 


Noise 
spikes 
on the 
VCC and V- 
supply 
lines 
can 
cause 


conversion 
errors 
as the 
comparator 
will 
respond 
to this 


noise. 
The AID 
is especially 
sensitive 
during 
the auto-zero 


or auto-cal 
procedures 
to any power 
supply 
spikes. 
Low in 


ductance 
tantalum 
capacitors 
of 10 poFor greater 
paralleled 


with 0.1 poFceramic 
capacitors 
are recommended 
for supply 


bypassing. 
Separate 
bypass 
capacitors 
whould 
be placed 
close 
to the 
DVcc. 
AVcc 
and V- 
pins. 
If an unregulated 
voltage 
source 
is 
available 
in 
the 
system, 
a 
separate 


LM340LAZ-5.0 
voltage 
regulator 
for the A-to-D's 
Vcc 
(and 
other analog circuitry) 
will greatly 
reduce 
digital noise on the 


supply 
line. 


3.7 THE CALIBRATION 
CYCLE 


On power 
up the ADC12441 
goes through 
an Auto-Cal 
cy- 
cle which 
cannot 
be interrupted. 
Since 
the 
power 
supply, 


reference, 
and clock will not be stable 
at power up, this first 
calibration 
cycle will not result 
in an accurate 
calibration 
of 
the AID. 
A new calibration 
cycle 
needs 
to be started 
after 
the power 
supplies, 
reference, 
and clock 
have 
been 
given 
enough 
time 
to stabilize. 
During 
the calibration 
cycle, 
cor- 
rection 
values 
are determined 
for the offset 
voltage 
of the 
sampled 
data comparator 
and any linearity 
and gain errors. 


These values are stored 
in internal 
RAM and used during an 
analog-to-digital 
conversion 
to bring 
the 
overall 
full 
scale, 


offset,. and linearity 
errors 
down 
to the specified 
limits. 
Full 
scale 
error 
typically 
changes 
± 0.1 
LSB over 
temperature 
and linearity 
error changes 
even less; therefore 
it should 
be 
necessary 
to go through 
the calibration 
cycle 
only once 
af- 
ter power 
up, if auto-zero 
is used to correct 
the zero error 


change. 


3.8 THE AUTO-ZERO 
CYCLE 


To correct 
for any change 
in the zero 
(offset) 
error 
of the 
AID, 
the auto-zero 
cycle can be used. It may be necessary 


to do an auto-zero 
cycle whenever 
the ambient 
temperature 
changes 
significantly. 
(See 
the 
curved 
titled 
"Zero 
Error 
Change 
vs Ambient 
Temperature" 
in the Typical 
Perform- 


ance Characteristics.) 
A change 
in the ambient 
temperature 
will 
cause 
the 
Vas 
of 
the 
sampled 
data 
comparator 
to 


change, 
which 
may cause 
the zero error 
of the AID 
to be 


greater 
than 
± 1 LSB. An auto-zero 
cycle 
will maintain 
the 


zero error to ± 1 LSB or less. 


4.0 Dynamic Performance 


Many 
applications 
require 
the AID converter 
to digitize 
ac 
signals, 
but the standard 
dc integral 
and differential 
nonlin- 
earity specifications 
will not accurately 
predict 
the AID 
con- 


verter's 
performance 
with 
ac input 
signals. 
The 
important 
specifications 
for ac applications 
reflect 
the converter's 
abil- 


ity to digitize 
ac signals 
without 
significant 
spectral 
errors 


and without 
adding 
noise 
to the 
digitized 
signal. 
Dynamic 


characteristics 
such as signal-to-noise 
ratio (SIN), 
signal-to- 
noise + distortion 
ratio (S/(N+D», 
effective 
bits, full power 


bandwidth, 
aperture 
time and aperture 
jitter are quantitative 


measures 
of the AID 
converter's 
capability. 


An AID converter's 
ac performance 
can be measured 
using 


Fast Fourier 
Transform 
(FFT) methods. 
A sinusoidal 
wave- 
form 
is applied 
to the AID 
converter's 
input, and the trans- 


form is then performed 
on the digitized 
waveform. 
SI (N + D) 


and SIN are calculated 
from 
the resulting 
FFT data, and a 
spectral 
plot may also be obtained. 
Typical 
values 
for SIN 


are 
shown 
in the 
table 
of 
Electrical 
Characteristics, 
and 
spectral 
plots 
of S/(N+D) 
are included 
in the typical 
per- 


formance 
curves. 


The AID 
converter's 
noise and distortion 
levels 
will change 
with the frequency 
of the input signal, 
with 
more 
distortion 
and 
noise 
occurring 
at higher 
signal 
frequencies. 
This can 


be seen 
in the S/(N+D) 
versus 
frequency 
curves. 
These 


curves 
will also 
give 
an indication 
of the full power 
band- 
width 
(the frequency 
at which 
the 
S/(N + D) or SIN 
drops 


3 dB). 


Effective 
number 
of bits can also be useful in describing 
the 


AID's 
noise performance. 
An ideal AID 
converter 
will have 


some amount 
of quantization 
noise, determined 
by its reso- 


lution, 
which 
will yield 
an optimum 
SIN ratio given 
by the 
following 
equation: 


where 
n is the AID's 
resolution 
in bits. 


The effective 
bits of a real AID 
converter, 
therefore, 
can be 


found 
by: 


SIN (dB) -1.8 
n(effective) 
= --6-.0-2-- 


As an example, 
an ADC12441 
with 
a 
±5V, 
10 kHz sine 


wave input signal will typically 
have a SIN of 78 dB, which is 


equivalent 
to 12.6 effective 
bits. 


Two samplelhold 
specifications, 
aperture 
time and aperture 


jitter, 
are 
included 
in the 
Dynamic 
Characteristics 
table 


since 
the ADC12441 
has the ability 
to track 
and 
hold the 


analog 
input voltage. 
Aperture 
time is the delay for the AID 


to 
respond 
to 
the 
hold 
command. 
In 
the 
case 
of 
the 
ADC12441, 
the 
hold 
command 
is 
internally 
generated. 


When 
the 
Auto-Zero 
function 
is not 
being 
used, 
the 
hold 
command 
occurs 
at the end of the acquisition 
window, 
or 


seven 
clock 
periods 
after 
the 
rising 
edge 
of the WR. The 
delay 
between 
the internally 
generated 
hold command 
and 
the time that the ADC12441 
actually 
holds the input signal is 
the aperture 
time. 
For the ADC12441, 
this time 
is typically 


100 ns. Aperture 
jitter 
is the 
change 
in the 
aperture 
time 
from sample 
to sample. 
Aperture 
jitter is useful 
in determin- 


ing the 
maximum 
slew rate of the 
input 
signal 
for a given 
accuracy. 
For example, 
an ADC12441 
with 100 ps of aper- 
ture jitter operating 
with a 5V reference 
can have an effec- 


tive gain variation 
of about 
1 LSB with an input signal whose 
slew rate is 12 VI".S. 


Power Supply 
Bypassing 


~.1 
~F~10~F~ 


Tl/H/ll017-22 


TUH/ll017-23 


Note: External protection diodes should be able to withstand the op amp 
current 
limit. 


f}1National 
Semiconductor 


ADC1251 Self-Calibrating 
12-Bit Plus Sign 


AID Converter with Sample-and-Hold 


General Description 
The ADC1251 is a CMOS 12-bit plus sign successive ap- 
proximation analog-to-digital converter. On request, the 
ADC1251 goes through a self-calibration cycle that adjusts 
for any zero, full scale, or linearity errors. The ADC1251 also 
has the ability to go through an Auto-Zero cycle that cor- 
rects the zero error during every conversion. 
The analog input to the ADC1251 is tracked and held by the 
internal circuitry, so an external sample-and-hold is not re- 
quired. The ADC1251 has an S/H control input which direct- 
ly controls the track-and-hold state of the AID. A unipolar 
analog input voltage range (0 to + 5V) or a bipolar range 
(- 5V to + 5V) can be accommodated with ± 5V supplies. 
The 13-bit data result is available on the eight outputs of the 
ADC1251 in two bytes, high-byte first and sign extended. 
The digital inputs and outputs are compatible with ITL or 
CMOS logic levels. 


Features 
• 
Self-calibration provides excellent temperature stability 


• 
Internal sample-and-hold 


• 
8-bit JLP/DSPinterlace 
• 
Bipolar input range with a single + 5V reference 
• 
No missing codes over temperature 
• 
ITL/MOS 
input/output compatible 


Key Specifications 
• 
Resolution 
• 
Conversion Time 
• 
Sampling Rate 
• 
Linearity Error 
• 
Zero Error 
• 
Full Scale Error 
• 
Power Consumption @ ± 5V 


12 bits plus sign 


8 JLs (max) 


83 kHz (max) 


±0.6 LSB (±0.0146%) 
(max) 


±1 LSB (max) 


± 1.5 LSB (max) 


113 mW (max) 


Applications 
• 
Digital signal processing 
• 
High resolution process control 
• 
Instrumentation 
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Top View 


Ordering Information 


Industrial 
Package 
(-40"C 
,;; TA ,;; +85°C) 


ADC1251BIJ, 
J24A 
ADC1251CIJ 


Military 
Package 
(-55°C';; 
TA';; 
+125°C) 


ADC1251CMJ. 
J24A 


ADC1251CMJ/883 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Temperature 
Range 
TMIN S; TA S; TMAX 


please 
contact 
the 
National 
Semiconductor 
Sales 
ADC1251 BIJ, ADC1251CIJ 
-40°C 
s; TA s; + 65°C 


Office/Distributors 
for 
availability 
and 
specifications. 
ADC1251CMJ 
-55°C 
s; TA S; + 125°C 


Supply Voltage 
(Vee = DVee = AVec! 
6.5V 
ADC1251CMJ/663 
- 55°C s; TA S; + 125°C 


Negative 
Supply Voltage 
(V-) 
-6.5V 
DVee 
and AVec 
Voltage 


Voltage 
at Logic Control 
Inputs 
-0.3V 
to (Vcc+0.3V) 
(Notes6& 
7) 
4.5Vt05.5V 


Voltage 
at Analog 
Inputs 
Negative 
Supply Voltage 
(V-) 
-4.5Vto 
-5.5V 


(VREF, VIN) 
(V- 
-0.3V) 
to (Vee+0.3V) 
Reference 
Voltage 


AVee-DVee 
(Note 7) 
0.3V 
(VREF, Notes 6 & 7) 
3.5V to AVec + 50 mV 


Input Current 
at Any Pin (Note 3) 
±5mA 


Package 
Input Current 
(Note 3) 
±20 
mA 


Power Dissipation 
at 25°C (Note 4) 
875mW 


Storage 
Temperature 
Range 
-65°C 
to + 150°C 


ESD Susceptability 
(Note 5) 
2000V 


Soldering 
Information 


J Package 
(10 sec.) 
300°C 


Converter 
Electrical Characteristics 


The following 
specifications 
apply 
for Vee = DVee = AVec 
= 
+5.0V, 
V- 
= 
-5.0V, 
VREF = 
+5.0V, 
A'l = "1", 
feLK = 


3.5 MHz and tested 
using WR control 
unless otherwise 
specified. 
Boldface 
limits 
apply 
for TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25°C. (Notes 
6, 7 and 8) 


. 


Typical 
Limit 
Units 
Symbol 
Parameter 
Conditions 
(Note 
9) 
(Notes 
10, 19) 
(Limit) 


STATIC 
CHARACTERISTICS 


Positive 
Integral 
ADC1251BIJ 
After Auto-Cal 
±0.6 
LSB(max) 


Linearity 
Error 
ADC1251CIJ 
(Notes 
11 & 12) 
±1 
LSB(max) 


ADC1251CMJ 
r 
±1 
LSB(max) 


Negative 
Integral 
ADC1251BIJ 
After Auto-Cal 
±0.6 
LSB(max) 


Linearity 
Error 
ADC1251CIJ 
(Notes 
11 and 12) 
±1 
LSB(max) 


ADC1251CMJ 
±1 
LSB(max) 


Missing 
Codes 
After Auto-Cal 
(Notes 
11 and 12) 
0 


Zero Error (Notes 
12 and 13) 
AZ = "0" 
and feLK = 1.75 MHz 
±2 
LSB(max) 


After Auto-Cal 
Only 
±2.0/±3.0 
LSB(max) 


Positive 
Full-Scale 
Error (Note 12) 
AZ = "0" 
and feLK = 1.75 MHz 
± 1.5 
LSB(max) 


After Auto-Cal 
Only 
± 1.5/±2.0 
LSB(max) 


Negative 
Full-Scale 
Error (Note 12) 
A'l = "0" 
and feLK = 1.75 MHz 
± 1.5 
LSB(max) 
. ~ 
After Auto-Cal 
Only 
± 1.5/±2.0 
LSB(max) 


CREF 
VREF Input Capacitance 
(Note 18) 
80 
pF 


CIN 
Analog 
Input Capacitance 
'." ~ 
65 
pF 


VIN 
Analog 
Input Voltage 
y- - 0.05 
V(min) 


Ycc + 0.05 
V(max) 


Power Supply Sensitivity 
Zero Error (Note 14) 
AVec = DVee = 5V ±5%, 
±Ys 
LSB 


Full-Scale 
Error 
VREF = 4.75V, V- 
= -5V 
±5% 
±Ys 
LSB 


,- 
Linearity 
Error 
. . 
±Ys 
LSB 


, 


Converter Electrical Characteristics 
(Continued) 
- 
The following 
specifications 
apply 
for Vee = DVee = AVec 
= 
+5.0V, 
V- 
= 
-5.0V, 
VREF = 
+5.0V, 
AZ = "1" 
and feLK 
= 3.5 MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25'C. 
(Notes 
6, 7 and 8) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
9) 
(Notes 
10, 19) 
(Limit) 


DYNAMIC 
CHARACTERISTICS 


S/(N+D) 
Unipolar 
Signal-to-Noise+ 
Distortion 
fiN = 1 kHz, VIN = 4.85 Vp_p 
72 
dB 
Ratio (Note 17) 
fiN = 20 kHz, VIN = 4.85 Vp_p 
72 
\ 
dB 


S/(N+D) 
Bipolar Signal·to-Noise 
+ Distortion 
fiN = 1 kHz, VIN = ±4.85V 
76 
dB 
Ratio (Note 17) 
fiN = 20 kHz, VIN = ±4.85V 
76 
dB 
,., 


- 3 dB Unipolar 
Full Power Bandwidth 
VIN = 4.85V, (Note 17) 
32 
, ,:. 
kHz 


- 3 dB Bipolar 
Full Power Bandwidth 
VIN = ±4.85V, 
(Note 17) 
25 
kHz 


tAp 
Aperture 
Time 
100 
.~- 
ns 


Aperture 
Jitter 
- 
100 
. s 
PSrms 
." 


L 


Digital and DC Electrical Characteristics 
The following 
specifications 
apply for DVee = AVec 
= 
+5.0V, 
V- 
= 
-5.0V, 
VREF = 
+5.0V, 
and feLK = 3.5 MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25'C. 
(Notes 
6 and 7) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
9) 
(Notes 
10, 19) 
(Limit) 


VIN(1) 
logical 
"1" 
Input Voltage 
for 
Vee = 5.25V 
2.0 
V(min) 
All Inputs except 
ClK 
IN 


VIN(O) 
Logical 
"0" 
Input Voltage 
for 
Vee = 4.75V 
0.8 
V(max) 
All Inputs except 
ClK 
IN 


IIN(l) 
logical 
"1" 
Input Current 
VIN = 5V 
0.005 
.:t .. 
1 
JLA(max) 


IIN(O) 
logical 
"0" 
Input Current 
VIN = OV 
-0.005 
-1 
JLA(max) 


VT+ 
ClK 
IN Positive-Going 
2.8 
2.7 
V(min) 
Threshold 
Voltage 


VT- 
ClK 
IN Negative-Going 
2.1 
2.3 
V(max) 
Threshold 
Voltage 


VH 
ClK 
IN Hysteresis 
0.7 
0.4 
V(min) 
[VT+(min) 
- 
VT-(max)] 


VOUT(l) 
logical 
"1" 
Output Voltage 
Vee = 4.75V: 


lOUT = -360 
JLA 
2.4 
V(min) 


lOUT = 
-10!LA 
4.5 
V(min) 


VOUT(O) 
logical 
"0" 
Output Voltage 
Vec = 4.75V, 
0.4 
V(max) 


lOUT = 1.6 mA 


lOUT 
TRI-STATE@ 
Output 
leakage 
VOUT = OV 
-0.01 
-3 
!LA(max) 


Current 
VOUT = 5V 
0.01 
3 
!LA(max) 


ISOURCE 
Output 
Source 
Current 
VOUT = OV 
-20 
-6.0 
mA(min) 


ISINK 
Output 
Sink Current 
VOUT = 5V 
20 
8.0 
(TlA(min) 


Dice 
DVec Supply Current 
CS = "1" 
1 
2.5 
mA(max) 


Alec 
AVec 
Supply Current 
CS = "1" 
4 
10 
mA(max) 


I- 
V- 
Supply Current 
CS = "1" 
2.8 
10 
mA(max) 
~ 


• 


AC Electrical Characteristics 
The following 
specifications 
apply 
for DVcc 
= AVcc 
= 
+5.0V, 
V- 
= 
-5.0V, 
tr = tf = 20 ns unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25'C. 
(Notes 
6 and 7) 


Conditions 
Typical 
Limit 
Units 


Symbol 
Parameter 
(Note 
9) 
(Notes 
10, 19) 
(Limit) 


fClK 
Clock Frequency 
MHz 


0.5 
MHz(min) 


6.0 
3.5 
MHz(max) 


Clock Duty Cycle 
50 
% 


40 
%(min) 


80 
% (max) 


te 
Conversion 
Time Using WR 
27(1/fClK) 
27(1/fcLK) 
+ 250 
ns 
(max) 


to Start a Conversion 
fClK = 3.5 MHz, AZ = "1" 
7.7 
7.95 
JLs(max) 


fClK = 1.75 MHz, AZ = "0" 
15.4 
15.85 
JLs(max) 


te 
Conversion 
Time Using S/H 
AZ = "1" 
34(1/fClK) 
34(1/fcLK) 
+ 
250 
na 
(max) 


to Start a Conversion 
fClK = 3.5 MHz, AZ = "1" 
9.7 
9.95 
JLs(max) 


tA 
Acquisition 
Time (Note 15) 
RSOURCE = 500 
3.5 
3.5 
JLs(min) 


tlA 
Internal 
Acquisition 
Time 
7(1/fClK) 
7(1/fcLK) 
(max) 
(When 
Using WR Control 
Only) 


tZA 
Auto Zero Time 
+ Acquisition 
Time 
33(1/fClK) 
33(1/fcLK) 
+ 250 
na 
(max) 


fClK = 1.75 MHz 
18.8 
19.05 
JLs(max) 


to(EOC)l 
Delay from Hold Command 
Using WR Control 
200 
350 
ns(max) 


to Falling Edge of EOC 
Using S/H 
Control 
100 
150 
ns(max) 


teAL 
Calibration 
Time 
1399(1/fClK) 
1399 
(1/fCLK) 
(max) 


fClK = 3.5 MHz 
399 
400 
JLs(max) 


tW(~ll 
Calibration 
Pulse Width 
(Note 16) 
60 
200 
ns(min) 


tWcWr!ll 
Minimum 
WR Pulse Width 
60 
200 
ns(min) 


tACC 
Maximum 
Access 
Time 
Cl = 100pF 


(Delay from Falling Edge of 
50 
95 
ns(max) 


im to Output 
Data Valid) 


IoH. t1H 
TRI-STATE 
Control 
Rl = 1 kO, Cl = 100 pF 


(Delay from Rising Edge of 
30 
70 
ns(max) 


AD to Hi-Z State) 


tpO(iiiiT) 
Maximum 
Delay from Falling Edge 


100 
175 
ns(max) 
of im or WR to Reset of INT 


tRR 
Delay between 
Successive 
RD Pulses 
30 
80 
ns(min) 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated 
under the listed test 
conditions. 


Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise 
specified. 


Note 3: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN < V- 
or VIN > (AVec or DVed, 
the current at that pin should be limited to 
5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously 
exceed the power 
supply voltages. 


Note of: The power dissipation 
of this device under normal operation 
should never exceed 191 mW (Quiescent 
Power Dissipation + 1 TIL 
Load on each digital 
output). Caution should be taken not to exceed absolute 
maximum power rating when the device is operating 
in severe fault condition 
(ex. when any inputs or 
outputs 
exceed 
the power supply). The maxjmum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is dictated 
by TJmax (maximum 
junction 
temperature), 
9JA (package junction to ambient thermal resistance), and TA (ambient temperature). 
The maximum allowable power dissipation 
at any temperature 
is Pomax = (TJmax - 
TIJ19JA or the number given in the Absolute Maximum Ratings, whichever is lower. For this device. TJrnax = 15O-C, and the typical thermal 
resistance 
(8JAl of the ADC1251 with CMJ, BIJ, and CIJ suffixes when board mounted is 51·C/W. 


Note 5: Human body model, 100 pF discharged 
through a 1.5 kn resistor. 


Note 6: Two on-chip diodes are tied to the analog input as shown below. Errors in the AID conversion 
can occur rt these diodes are forward biased more than 


50 mY. This means that if AVec and DVec are minimum (4.75 Vocl 
and V- 
is maximum (-4.75 
VocJ, the analog input full-scale voltage 
must be " 
±4.8 Voc· 


OVee 


I 
I 


AVec:II 
~?R~~~::AL 


DVec 24: 
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CIRCUITRY 
I 
I 
I 
TL/H/11024-5 


To guarantee 
accuracy, 
it is required that the AVec and DVec be connected 
together to a power suppty with separate 
bypass filters at each Vec pin. 


Note 
8: Accuracy 
is guaranteed 
at felK 
= 3.5 MHz. At higher or lower clock frequencies 
accuracy may degrade. See the Typtcal Performance 
Characteristics 
curves. 


Note 
9: Typicals are at TJ = 25°C and represent 
most likely parametric 
norm. 


Note 
10: Umils are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 11: Positive linearity error is defined as the deviation of the analog value, expressed 
in LSBs, from the straight line that passes through positive full scale and 
zero. For negative linearity error the straight line passes through negative full scale and zero. (See Figures lb and fe). 


Note 12: The ADC1251's 
self-calibration 
technique ensures linearity, full scale, and offset errors as specified, but noise inherent in the self-calibration 
process will 
result in a repeatability 
uncertainty 
of ± 0.20 LSB. 


Note 13: If TA changes then an Auto-Zero 
or Auto·Cal cycle will have to be re-started. See the typical performance 
characteristic 
curves. 


Note 
1.: After an Auto-Zero 
or Auto-Gal cycle at the specified 
power supply extremes. 


Note 15: When using the WR control to start a conversion 
if the clock is asynchronous 
to the rising edge of WF1 an uncertainty 
of one clock period will exist in the 


end of the interval tA, therefore 
making tA end a minimum 6 clock periods or a maximum 7 clock periods after the rising edge of WR. If the falling edge of the clock 


is synchronous 
to the rising edge of WR then tA will end exactly 6.5 clock periods after the rising edge of WR. This does not occur when S/H 
control is used. 


Note 16: The CA[ 
line must be high before a conversion 
is started. 


Note 17: The specifications 
for these parameters 
are valid after an Auto-Cal cycle has been completed. 


Note 
18: The ADC1251 
reference 
ladder is composed 
solely of capacitors. 


Note 19: A Military RETS Electrical Test Specification 
is available on requesl. At time of printing the ADC1251CMJ/883 
RETS specification 
complies fully with the 


boktface 
limits in this column. 
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1.0 Pin Descriptions 


DVcc (24), 
The digital and analog positive power supply 
AVec (4) 
pins. The digital and analog power supply 
voltage range of the ADC1251 is +4.5V to 
+ 5.5V. To guarantee accuracy, it is required 
that the AVec and DVcc be connected to- 
gether to the same power supply with sepa- 
rate bypass capacitors (10 JLF tantalum in 
parallel with a 0.1 JLF ceramic) at each Vcc 
pin. 


V- (5) 
The analog negative supply voltage pin. V- 
has a range of -4.5V 
to -5.5V 
and needs 
bypass capacitors of 10 JLF tantalum in paral- 
lel with a 0.1 JLF ceramic. 
DGND (12), 
The digital and analog ground pins. AGND 
AGND (3) 
and DGND must be connected together ex- 
ternally to guarantee accuracy. 


VREF(2) 
The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVec or DVCC by more than 
50 mV or go below +3.5 Voc. 
VIN(1) 
The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed Vcc by more than 50 mV or go below 
V- 
by more than 50 mY. 
cg (10) 
The Chip Select control input. This input is 
active low and enables the WR, Rl5 and 8/H 
functions. 
AD (23) 
The Read control input. With both cg and Rl5 
low the TRI-STATE output buffers are en- 
abled and the INT output is reset high. 
WR (7) 
The Write control input. The conversion is 
started on the rising edge of the ~ 
pulse 
when cg is low. When this control line is 
used the end of the analog input voltage ac- 
quisition window is internally controlled by the 
ADC1251. 


8/H (11) 
The sample and hold control input. This con- 
trol input can also be used to start a conver- 
sion. With CS low the falling edge of 8/H 
starts the analog input acquisition window. 
The rising edge of 8/H ends the acquisition 
window and starts a conversion. 


CLKIN (8) 
The external clock input pin. The typical clock 
frequency range is 500 kHz to 6.0 MHz. 


~ 
(9) 
The 
Auto-Calibration control 
input. When 
~ 
is low the ADC1251 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in RAM. These values are used to cor- 
rect the errors during a normal cycle of AID 
conversion. 
AZ (6) 
The Auto-Zero control input. With the 7i.'1. pin 
held low during a conversion, the ADC1251 
goes into an auto-zero cycle before the actu- 
al AID conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (te) is in- 


II 
creased by 26 clock periods when Auto-Zero 
is used. 


The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 
The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the 
result or starting a conversion or calibration 
cycle will reset this output high. 


The TRI-STATE output pins. Twelve bit plus 
sign output data access is accomplished us- 
ing two successive RDs of one byte each, 
high byte first (DB8-DB12). The data format 
used is two's complement sign bit extended 
with DB12 the sign bit, DB11 the MSB and 
DBOthe LSB. 


• 


DBO/DB8- 
DB7/DB12 
(13-20) 


2.0 Functional Description 
The ADC1251 is a 12-bit plus sign AID converter with the 
capability of doing Auto-Zero or Auto-Cal routines to mini- 
mize zero, full-scale and linearity errors. It is a successive- 
approximation AID converter consisting of a DAC, compar- 
ator and a successive-approximation register (SAR). Auto- 
Zero is an internal calibration sequence that corrects for the 
AID's zero error caused by the comparator's offset voltage. 
Auto-Cal is a calibration cycle that not only corrects zero 
error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC1251 without the need for trimming during its 
fabrication. An Auto-Cal cycle can restore the accuracy of 
the ADC1251 at any time, which ensures accuracy over 
temperature and time. 


2.1 DIGITAL 
INTERFACE 
On power up, a calibration sequence should be initiated by 
pulsing ~ 
low with CS and 8/H 
high. To acknowledge the 


~ 
signal, EOC goes low after the falling edge of~, 
and 
remains low during the calibration cycle of 1399 clock peri- 
ods. During the calibration sequence, first the comparator's 
offset is determined, then the capacitive DAC's mismatch 
errors are found. Correction factors for these errors are then 
stored in internal RAM. 
A conversion can be initiated by taking CS and WR low. If 
AZ is Iowan Auto-Zero cycle, which takes approximately 26 
clock periods, is inserted before the analog input is sampled 
and the actual conversion is started. AZ must remain low 
during the complete conversion sequence. After Auto-Zero 
the acquisition opens and the analog input is sampled for 
approximately 7 clock periods. If AZ is high, the Auto-Zero 
cycle is not inserted after the rising edge of WR. In this case 
the acquisition window opens when the ADC1251 com- 
pletes a conversion, signaled by the rising edge of EOC. At 
the end of the acquisition window EOC goes low, signaling 
that the analog input is no longer being sampled and that 
the AID successive approximation conversion has started. 


2.0 Functional Description 
(Continued) 


A conversion sequence can also be controlled by the 5tH 
and CS inputs. Taking CS and 5tH low starts the acquisition 
window for the analog input voltage. The rising edge of 5tH 
immediately puts the AID in the hold mode and starts the 
conversion. Using 5tH will simplify synchronizing the end of 
the acquisition window to other signals, which may be nec- 
essary in a DSP environment. 


During a conversion, the sampled input voltage is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Next the MSB of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MSB is left 
high; otherwise it is set low. The next bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result is then 
stored in the output latch of the ADC1251. Next INT goes 
low and EOC goes high to signal the end of the conversion. 
The result can now be read by taking CS and RD low to 
enable the DBOtDB8-DB7tDB12 
output buffers. The high 


byte of data is relayed first on the data bus outputs as 
shown below: 


The table in Figure 
3 summarizes the effect of the digital 


control inputs on the function of the ADC1251. The Test 


Mode, where RD and 5tH are high and CS and CAL are 
low, is used during manufacture to thoroughly check out the 
operation of the ADC1251. Care should be taken not to in- 
advertently be in this mode, since DB2, DB3, DB5, and DB6 
become active outputs, which may cause data bus conten- 
tion. 


2.2 RESETTING THE AID 


The ADC1251 is reset whenever a new conversion is start- 
ed by taking CS and WR or 5tH low. If this is done when the 
analog input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore re- 
quiring an Auto-Cal cycle before the next conversion. When 
using WR or 5tH 
without Auto-Zero (AZ = 1) to start a 
conversion, a new conversion can be restarted only after 
EOC has gone high, signaling the end of the current conver- 
sion. When using WR with Auto-Zero (AZ = 0) a new con- 
version can be restarted during the first 26 clock periods 
after the rising edge of WR (tz) or after EOC has returned 
high without corrupting the Auto-Cal correction factors. 
The Calibration Cycle cannot be reset once started. On 
power-up the ADC1251 automatically goes through a Cali- 
bration Cycle that takes typically 1399 clock cycles. For rea- 
sons that will be discussed in Section 3.8, a new calibration 
cycle needs to be started after the completion of the auto- 
matic one. 


3.0 Analog Considerations 


3.1 REFERENCEVOLTAGE 
The voltage applied to the reference input of the converter 
defines the voltage span of the analog input (the difference 
between VIN and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving VREF must have a 
very low output impedance and very low noise. The circuit in 
Figure 
4 is an example of a very stable reference that is 
appropriate for use with the ADC1251. 


Digital Control Inputs 
AID Function 
CS WR 5tH 
RD CAL AZ 
; 
, 


LS LS 
1 
1 
1 
1 
Start Conversion without Auto-Zero 
LS 
1 
LS 
1 
1 
1 
Start Conversion synchronous with rising edge of 5tH without Auto-Zero 
LS 
1 
1 
LS 
1 
1 
Read Conversion Result without Auto-Zero 
LS LS 
1 
1 
1 
0 
Start Conversion with Auto-Zero 
LS 
1 
1 
LS 
1 
0 
Read Conversion Result with Auto-Zero 
1 
X 
1 
X 
LS 
X 
Start Calibration Cycle 
0 
X 
X 
1 
0 
X 
Test Mode (DB2, DB3, DB5, and DB6 become active) 


In a ratio metric 
system, 
the analog 
input voltage 
is propor· 


tional 
to the voltage 
used for the AID 
reference. 
When 
this 


voltage 
is the 
system 
power 
supply, 
the VREF pin can 
be 


tied to Vcc. 
This technique 
relaxes 
the stability 
requirement 


of the system 
reference 
as the analog 
input and AID 
refer- 


ence move together 
maintaining 
the same output code for a 


given 
input condition. 


For absolute 
accuracy, 
where 
the 
analog 
input 
varies 
be· 
tween 
very specific 
voltage 
limits, the reference 
pin can be 


biased 
with a time and temperature 
stable 
voltage 
source. 
In general, 
the 
magnitude 
of the reference 
voltage 
will re- 


quire an initial adjustment 
to null out full-scale 
errors. 


3.2 ACQUISITION 
WINDOW 


As shown 
in the timing 
diagrams 
there 
are three 
different 


methods 
of starting 
a conversion, 
each of which 
affects 
the 


acquisition 
window 
and timing. 


With 
Auto·Zero 
high a conversion 
can be started 
with the 


WA or "S/H controls. 
In either 
method 
of starting 
a conver· 
sion the rising edge of EOC signals 
the actual 
beginning 
of 


the acquisition 
window. 
At this time a voltage 
spike may be 


noticed 
on the analog 
input 
of the ADC1251 
whose 
ampli- 


tude 
is dependent 
on the input voltage 
and the source 
re- 


sistance. 
The 
timing 
diagrams 
for 
these 
two 
methods 
of 


starting 
a conversion 
do not show 
the acquisition 
window 


starting 
at this time 
because 
the acquisition 
time (tA> must 


start 
after 
the 
conversion 
result 
high and 
low 
bytes 
have 


been read. This is necessary 
since activating 
and deactivat- 


ing the digital 
outputs 
(DBO/DB7-DB8/DB12) 
causes 
cur- 


rent fluctuations 
in the ADC1251's 
internal 
DVcc 
lines. This 


generates 
digital 
noise 
which 
couples 
into 
the 
capacitive 


ladder 
that 
stores 
the analog 
input voltage. 
Therefore, 
the 


time interval 
between 
the rising edge 
of EOC and the sec- 
ond 
read 
is inappropriate 
for analog 
input voltage 
acquisi- 


tion. 


When \VA is used 
to start 
a conversion 
with AZ low the 


Auto-Zero 
cycle is inserted 
before the acquisition 
window. 
In 


+12V 10 +15V 


"'~ 


this 
method 
the acquisition 
window 
is internally 
controlled 


by the ADC1251 
and lasts 
for approximately 
7 clock 
peri- 


ods. 
Since 
the 
acquisition 
window 
neecls 
to 
be 
at 
Iea8t 


3.5 "'S at all times, 
when 
using 
Auto-Zero 
the 
maximum 


clock 
frequency 
is limited 
to 2 MHz. The zero error with the 


Auto-Zero 
cycle is production 
tested 
at a clock 
frequency 
of 


1.75 
MHz. This accommodates 
easy 
switching 
be~ 
a 


conversion 
with the Auto-Zero 
cycle (fClK = 1.75 MHz) and 


without 
(fClK = 3.5 MHz) as shown 
in F;gu,. 5. 
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FIGURE 
5. Switching 
betwMn 
• Converalon with 
and 


without 
Auto-Zero 
wilen u.lng ViR COntrol 


3.3 INPUT CURRENT 


Because 
the input network 
of the ADC1251 
is made up of a 


switch 
and a network 
of capacitors 
a charging 
CUIT8llt will 


flow into or out of (depending 
on the input voltage 
polarity) 


the analog 
Input pin (V,N) on the start 
of the analog 
input 


sampling 
period. 
The peak value 
of this current 
will depend 


on the actual 
input 
voltage 
applied 
and the 
source 
resist· 


ance. 


3.4 NOISE 


The leads to the analog 
Input pin should 
be kept as short as 


possible 
to minimize 
Input noise 
coupling. 
Both 
noise 
and 


undesired 
digital 
clock 
coupling 
to this input can cause 
er· 


rors. 
Input 
filtering 
can 
be used 
to 
reduce 
the 
effects 
of 


these 
noise sources. 


• 


the accuracy of the conversion result. 


3.6 INPUT SOURCE 
RESISTANCE 


The analog input can be modeled as shown in Figure 6. 
External Rs will lengthen the time period necessary for the 
voltage on CREFto settle to within 'I. lSB of the analog 
input voltage. With tA = 3.5 /'os,Rs ,;; 1 kfi will allow a 5Y 
analog input voltage to settle properly. 


3.7 POWER 
SUPPLIES 


Noise spikes on the Ycc and Y- 
supply lines can cause 


conversion errors as the comparator will respond to this 
noise. The AID is especially sensitive during the Auto-Zero 
or -Cal procedures to any power supply spikes. low induc- 
tance tantalum capacitors of 10 /'oFor greater paralleled 
with 0.1 /'oFceramic capacitors are recommended for supply 
bypassing. Separate bypass capacitors should be placed 
close to the DYcc, AYcc and Y- 
pins. If an unregulated 


voltage source is available in the system, a separate 
lM340LAZ-5.0 voltage regulator for the A-to-D's Ycc (and 
other analog circuitry) will greatly reduce digital noise on the 
supply line. 


3.8 THE CALIBRATION 
CYCLE 


On power up the ADC1251 goes through an Auto-Cal cycle 
which cannot be interrupted. Since the power supply, refer- 
ence, and clock will not be stable at power up, this first 
calibration cycle will not result in an accurate calibration of 
the AID. A new calibration cycle needs to be started after 
the power supplies, reference, and clock have been given 
enough time to stabilize. During the calibration CYCle,cor- 
rection values are determined for the offset voltage of the 
sampled data comparator and any linearity and gain errors. 
These values are stored in internal RAM and used during an 
analog-to-digital conversion to bring the overall full scale, 
offset, and linearity errors down to the specified limits. Full 
scale error typically changes ± 0.2 lSB over temperature 
and linearity error changes even less; therefore it should be 
necessary to go through the calibration cycle only once af- 
ter power up if Auto-Zero is used to correct the zero error 


3.9 THE AUTO·ZERO 
CYCLE 
To correct for any change in the zero (offset) error of the 
AID, the Auto-Zero cycle can be used. It may be necessary 
to do an Auto-Zero cycle whenever the ambient tempera- 
ture changes significantly. (See the ClIlVetitled "Zero Error 
Change vs Ambient Temperature" in the Typical Perform- 
ance Characteristics.) A change in the ambient temperature 
will cause the Yas of the sampled data comparator to 
change, which may cause the zero error of the AID 
to be 
greater than ± 1 lSB. An Auto-Zero cycle will maintain the 
zero error to ± 1 lSB or less. 


4.0 Dynamic Performance 
Many applications require the AID converter to digitize AC 
signals, but the standard DC integral and differential nonlin- 
earity specifications will not accurately predict the AID con- 
verter's performance with AC input signals. The important 
specifications for AC applications reflect the converter's 
ability to digitize AC signals without significant spectral er- 
rors and without adding noise to the digitized signal. Dynam- 
ic characteristics such as signal-to-noise+ distortion ratio 
(S/(N+D)), 
effective bits, full power bandwidth, aperture 
time and aperture jitter are quantitative measures of the 
AID converter's capability. 
An AID 
converter's AC performance can be measured us- 
ing Fast Fourier Transform (FFT) methods. A sinusoidal 
waveform is applied to the AID 
converter's input, and the 
transform is then performed on the digitized waveform. SI 
(N+ D) is calculated from the resulting FFT data, and a 
spectral plot may also be obtained. Typical values for SI 
(N+ D) are shown in the table of Electrical Characteristics, 
and spectral plots are included in the typical performance 
curves. 
The AID converter's noise and distortion levels will change 
with the frequency of the input signal, with more distortion 
and noise occurring at higher signal frequencies. This can 
be seen in the S/(N+D) 
versus frequency curves. These 
curves will also give an indication of the full power band- 
width (the frequency at which the S/(N + D) drops 3 dB). 


4.0 Dynamic Performance 
(Continued) 


Two sample/hold specifications, aperture time and aperture 
jitter. are included in the Dynamic Characteristics table 
since the ADC1251 has the ability to track and hold the 
analog input voltage. Aperture time is the delay for the AID 
to respond to the hold command. In the case of the 
ADC1251 when using the S/H control to start a conversion, 
the hold command is generated by the rising edge of SIH. 
The delay between the rising edge of S/H and the time that 


the ADC1251 actually holds the input signal is the aperture 
time. For the ADC1251, this time is typically 100 ns. Aper- 
ture jitter is the change in the aperture time from sample to 
sample. Aperture jitter is useful in determining the maximum 
slew rate of the input signal for a given accuracy. For exam- 
ple, an ADC1251 with 100 ps of aperture jitter operating with 
a 5V reference can have an effective gain variation of about 
1 LSB with an input signal whose slew rate is 12 V/ ,..S. 
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TL/H/11024-24 


Note: 
External 
protection 
diodes should be able to withstand 
the op amp current limit. 


f}1National 
Semiconductor 


ADC 12451 Dynamically-Tested 
Self-Calibrating 


12-81t Plus Sign AID Converter with Sample-and-Hold 


General Description 


The ADC12451 
is a CMOS 
12-bit plus sign successive 
ap- 


proximation 
analog-ta-digital 
converter 
whose 
dynamic 


specifications 
(SIN, 
THO, etc.) are tested 
and guaranteed. 
On request, 
the ADC12451 
goes through 
a self-calibration 


cycle 
that 
adjusts 
linearity, 
zero 
and full-scale 
errors. 
The 


ADC12451 
also 
has the ability 
to go through 
an Auta-Zero 


cyc\e that corrects 
the zero error during every conversion. 


The analog 
input to the ADC12451 
is tracked 
and held by 
the internal 
circuitry, 
so an external 
sample-and-hold 
is not 


required. 
The ADC12451 
has a S/H 
control 
input which 
di- 


rectly controls 
the track-and·hold 
state of the A/D. 
A unipo- 


lar analog 
input 
voltage 
range 
(OV to + 5V) 
or a bipolar 


range ( - 5V to + 5V) can be accommodated 
with 
± 5V sup- 
plies. 


The 13·bit data result is available 
on the eight outputs 
of the 


ADC12451 
in two bytes, 
high-byte 
first and sign extended. 
The digital 
inputs 
and outputs 
are compatible 
with 
TIL 
or 


CMOS 
logic levels. 


Applications 
• 
Digital 
Signal 
Processing 


• 
Audio 


• 
Telecommunications 


• 
High Resolution 
Process 
Control 


• 
Instrumentation 


Features 


• 
Self-calibration 
provides 
excellent 
temperature 
stability 


• 
Internal 
sample-and·hold 


• 
8-bit ,..P/DSP 
interface 


• 
Bipolar 
input range 
with a single + 5V reference 


Key Specifications 


• 
Resolution 
• 
Conversion 
Time 


• 
Sampling 
Rate 
• 
Bipolar 
Signal/Noise 


• 
Total 
Harmonic 
Distortion 


• 
Aperture 
Time 


• 
Aperture 
Jitter 


• 
Zero 
Error 
• 
Positive 
Full-Scale 
Error 


• 
Power 
Consumption 
@ ± 5V 


12 bits plus sign 


7.7,..s 
(max) 


83 kHz (max) 


73.5 dB (min) 


- 78.0 dB (max) 


100 ns 


100 PSrms 
±2 
LSB (max) 


± 1.5 LSB (max) 


113 mW (max) 
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!Nee 
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DH/ll812 


1l85/ll812 


1l8A/ll812 


1l83/ll811 


1lB2/ll81D 


1lB1/ll89 


1l8D/ll8B 


Industria' 
Package 
( - 40'C 
s: TA s: 85"C) 


ADC12451CIJ 
J24A 


Military 
Package 
(-55"C 
s: TA s: 125"C) 


ADC12451CMJ, 
J24A 
ADC12451CMJ/883 


Absolute Maximum Ratings 
(Notes 
1 & 2) 
Operating 
Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Temperature 
Range 
TMIN s: TA s: TMAX 


please 
contact 
the 
National 
Semiconductor 
Sales 
ADC12451CIJ 
-40·C 
s: TA s: +85·C 


Office/Distributors 
for 
availability 
and 
specifications. 
ADC12451CMJ, 


Supply Voltage 
(VCC = DVee = AVecl 
6.5V 
ADC12451CMJ/883 
-55·C 
s: TA s: + 125·C 


Negative 
Supply Voltage 
(V-) 
-6.5V 
DVee and AVec 
Voltage 


Voltage 
at Logic Control 
Inputs 
-0.3V 
to (Vee 
+ 0.3V) 
(Notes 6 & 7) 
4.5Vt05.5V 


Voltage 
at Analog 
Inputs 
Negative 
Supply Voltage 
(V-) 
-4.5Vto 
-5.5V 


(VIN, VREF) 
(V- 
-0.3V) 
to (Vee 
+ 0.3V) 
Reference 
Voltage 


AVec-DVee 
(Note 7) 
0.3V 
(VREF, Notes 6 & 7) 
3.5VtoAVee 
+ 50mV 


Input Current 
at any Pin (Note 3) 
±5mA 


Package 
Input Current 
(Note 3) 
±20mA 


Power Dissipation 
at 25·C (Note 4) 
875mW 


Storage 
Temperature 
Range 
-65·C 
to + 150·C 


ESD Susceptability 
(Note 5) 
2000V 


Soldering 
Information 


J Package 
(10 Seconds) 
300·C 


Converter 
Electrical Characteristics 
The following 
specifications 
apply for Vee = DVee = AVec 
= 
+ 5.0V, V- 
= 
-5.0V, 
VREF = 
+ 5.0V, using g/H 
input for 
conversion 
control, 
and feLK = 3.5 MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for TA = TJ = T MIN to T MAX; all 


other 
limits TA = TJ = 25·C. (Notes 
6, 7 and 8) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


" 
(Note 
9) 
(Note 
10, 19) 
(Limit) 


STATIC 
CHARACTERISTICS 


Positive 
Integral 
Linearity 
Error 
After Auto-Cal, 
(Notes 
11 & 12) 
±% 
LSB 


Negative 
Integral 
Linearity 
Error 
After Auto-Cal, 
(Notes 
11 & 12) 
±% 
LSB 


Positive 
or Negative 
Differential 
Linearity 
After Auto-Cal 
(Notes 
11 & 12) 
12 
Bits 


Zero Error (Notes 
12 & 13) 
AZ = "0", 
feLK = 1.75 MHz 
±1 
LSB 


After Auto-Cal 
Only 
±2/±3.0 
LSB(max) 


Positive 
Full-Scale 
Error (Note 12) 
AZ = "0", 
feLK = 1.75 MHz 
±1 
LSB 


Auto-Cal 
Only 
±1.5/±2.5 
LSB(max) 


Negative 
Full-Scale 
Error (Note 12) 
A'l. = "0", 
feLK = 1.75 MHz 
±1 
LSB 


Auto-Cal 
Only 
±1.5/±3.0 
LSB(max) 


VIN 
Analog 
Input Voltage 
y- - 0.05 
V(min) 


Ycc 
+ 0.05 
V(max) 


Power Supply Sensitivity 
Zero Error (Note 14) 
AVec = DVee = 5V ±5%, 
±'/s 
LSB 


Full-Scale 
Error 
VREF = 4.75V, V- 
= -5V 
±5% 
±'/s 
LSB 


Linearity 
Error 
±'/s 
LSB 


CREF 
VREF Input Capacitance 
80 
pF 


CIN 
Analog 
Input Capacitance 
65 
pF 


DYNAMIC 
CHARACTERISTICS 


Bipolar 
Effective 
Bits (Note 17) 
fiN = 1 kHz, VIN = ±4.85V 
12.6 
Bits 


fiN = 20.67 kHz, VIN = 
±4.85V 
12.6 
11.9 
Bits(min) 


Unipolar 
Effective 
Bits (Note 17) 
fiN = 1 kHz, VIN = 4.85 Vp•p 
11.8 
Bits 


fiN = 20.67 kHz, VIN = 4.85 Vp_p 
11.8 
11.1 
Bits(min) 


SIN 
Bipolar Signal to Noise Ratio (Note 17) 
fiN = 1 kHz, VIN = ±4.85V 
78 
dB 


fiN = 10 kHz, VIN = 
±4.85V 
78 
dB 


fiN = 20.67 kHz, VIN = 
±4.85V 
78 
73.5 
dB(min) 


Converter 
Electrical Characteristics 
(Continued) 
The following 
specifications 
apply for Vee = DVee = AVec = + 5.0V, V- 
= 
-5.0V, 
VREF = + 5.0V, using g/H 
input for 
conversion 
control, 
and felK = 3.5 MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for TA = TJ = TMIN to TMAX; all 
other 
limits TA = TJ = 25'C. 
(Notes 
6, 7 and 8) 


I 
Typical 
Limit 
Units 
Symbol 
Parameter 
Conditions 
(Note 
9) 
(Note 
10, 19) 
(Limit) 


DYNAMIC 
CHARACTERISTICS 
(Continued) 


SIN 
Unipolar 
Signal to Noise Ratio (Note 17) 
fiN = 1 kHz, VIN = 4.85 Vp_p 
73 
dB 


fiN = 10 kHz, VIN = 4.85 Vp_p 
73 
dB 


fiN = 20.67 kHz, VIN = 4.85 Vp_p 
73 
88.7 
dB(min) 


THO 
Bipolar Total Harmonic 
Distortion 
(Note 17) 
fiN = 1 kHz, VIN = ±4.85V 
-82 
dB 


fiN = 20.67 kHz, VIN = ± 4.85V 
-80 
-78.0 
dB(max) 


THO 
Unipolar 
Total Harmonic 
Distortion 
(Note 17) 
fiN = 1 kHz, VIN = 4.85 Vp_p 
-82 
dB 


fiN = 20.67 kHz, VIN = 4.85 Vp_p 
-80 
-73.1 
dB(max) 


Bipolar 
Peak Harmonic 
or Spurious 
Noise 
fiN = 1 kHz, VIN = ±4.85V 
-88 
dB 
(Note 17) 
fiN = 10 kHz, VIN = ±4.85V 
-84 
~ 
dB 


fiN = 20 kHz, VIN = ±4.85V 
-80 
dB 


Unipolar 
Peak Harmonic 
or Spurious 
Noise 
fiN = 1 kHz, VIN = 4.85 Vp_p 
-90 
dB 
(Note 17) 
fiN = 10kHz, 
VIN = 4.85 Vp_p 
-86 
dB 


fiN = 20 kHz, VIN = 4.85 Vp_p 
-82 
dB 


Bipolar Two Tone Intermodulation 
Distortion 
VIN = ±4.85V, 
flN1 = 19.375 kHz, 
-78 
dB(max) 
(Note 17) 
flN2 = 20 kHz 


Unipolar 
Two Tone Intermodulation 
Distortion 
VIN = 4.85 Vp_p, flN1 = 19.375 kHz, 
-78 
dB(max) 
(Note 17) 
flN2 = 20 kHz 


- 3 dB Bipolar 
Full Power Bandwidth 
VIN = ±4.85V, 
(Note 17) 
25 
20.87 
kHz(min) 


- 3 dB Unipolar 
Full Power Bandwidth 
VIN = 4.85 Vp_p, (Note 17) 
32 
20.87 
kHz(min) 


Aperture 
Time 
, 
100 
ns 


Aperture 
Jitter 
100 
PSrms 


Digital and DC Electrical Characteristics 
The following 
specifications 
apply 
for DVcc 
= AVcc 
= + 5.0V, V- 
= 
-5.0V, 
VREF = 
+ 5.0V, and fClK = 3.5 MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25"C. (Notes 
6 and 7) 


Symbol 
Parameter 
Condition 
Typical 
Limit 
Units 


(Note 
9) 
(Note 
10, 19) 
(Limit) 


VIN(1) 
Logical 
"1" 
Input Voltage 
for 
Vcc = 5.25V 
2.0 
V(min) 
All Inputs except 
CLK IN 


VIN(O) 
Logical 
"0" 
Input Voltage 
for 
Vcc = 4.75V 
0.8 
V(max) 
All Inputs except 
CLK IN 


I'N(1) 
Logical 
"1" 
Input Current 
VIN = 5V 
0.005 
1 
fLA(max) 


'IN(O) 
Logical 
"0" 
Input Current 
VIN = OV 
-0.005 
-1 
fLA(max) 


VT+ 
CLK IN Positive-Going 
2.8 
2.7 
V(min) 
Threshold 
Voltage 


VT- 
CLK IN Negative-Going 
2.1 
2.3 
V(max) 
Threshold 
Voltage 


VH 
CLK IN Hysteresis 
0.7 
0.4 
V(min) 
[VT+(min) 
- 
VT-(max)] 


VOUT(1) 
Logical 
"1 " Output Voltage 
Vcc = 4.75V: 


'OUT = -360 
fLA 
2.4 
V(min) 


'OUT = -10 
fLA 
4.5 
V(min) 


VOUT(O) 
Logical 
"0" 
Output Voltage 
Vcc = 4.75V, 
0.4 
V(max) 


'OUT = 1\6 mA 


'OUT 
TRI-STATE@ 
Output 
Leakage 
VOUT = OV 
-0.01 
-3 
fLA(max) 


Current 
Vour 
= 5V 
0.01 
3 
fLA(max) 


ISOURCE 
Output 
Source Current 
VOUT = OV 
-20 
-6.0 
mA(min) 


ISINK 
Output 
Sink Current 
VOUT = 5V 
20 
8.0 
mA(min) 


Dlcc 
DVcc 
Supply Current 
CS= 
"1" 
1 
2.5 
mA(max) 


AlcC 
AV CC Supply Current 
, 
CS= 
"1" 
2.8 
10 
mA(max) 


I- 
V- 
Supply Current 
CS= 
"1" 
2.8 
10 
mA(max) 


AC Electrical Characteristics 
The following 
specifications 
apply 
for DVcc 
= AVCC = 
+5.0V, 
V- 
= 
-5.0V, 
t, = tf = 20 ns unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ = T MIN to T MAX; all other 
limits TA = TJ = 25"C. (Notes 
6 and 7) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 
, 
(Note 
9) 
(Note 
10, 19) 
(Umlt) 


fClK 
Clock Frequency 
MHz 


0.5 
MHz(min) 


6.0 
3.5 
MHz(max) 


Clock Duty Cycle 
50 
% 


40 
%(min) 


60 
% (max) 


Ie 
Conversion 
Time using ~ 
27(1/fclK) 
27(1/fcLK) + 250 ns 
(max) 
to start a Conversion 
fClK = 3.5 MHz, AZ = "1" 
7.7 
7.95 
fLs(max) 


fClK = 1.75 MHz, AZ = "0" 
15.4 
15.65 
fLs(max) 


Ie 
Conversion 
Time using g/H 
AZ = "1" 
34(1/fclK> 
34( 1/fCLK)+ 250 ns 
(max) 
to start a Conversion 
fClK = 3.5 MHz, A'2.= "1" 
9.7 
9.95 
fLs(max) 


AC Electrical Characteristics 
(Continued) 
The following 
specifications 
apply 
for DVcc 
= AVcc 
= 
+5.0V. 
V- 
= 
-5.0V. 
tr = tf = 20 ns unless 
otherwise 
specified. 


Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX: all other 
limits TA = TJ = 25'C. 
(Notes 
6 and 7) 


Typical 
Limit 
Units 
Symbol 
Parameter 
Conditions 
(Note 9) 
(Note 
10, 19) 
(Limit) 


tA 
Acquisition 
Time 
RSOURCE = 500 
3.5 
3.5 
,,"s(min) 
(Note 15) 


tlA 
Internal 
Acquisition 
Time 
7(1/fCUG 
7(1/fcLK) 
(max) 
(when using WR Control 
Only) 


tZA 
Auto Zero Time 
+ 
33(1/fClK) 
33(1/fCLK) + 250 ns 
(max) 


Acquisition 
Time 
fClK = 1.75 MHz 
18.8 
19.05 
,,"s(max) 


tD(EOC)l 
Delay from Hold Command 
Using WR Control 
200 
350 
ns(max) 


to Falling Edge of EOC 
Using S/H 
Control 
100 
150 
ns(max) 


teo;[ 
Calibration 
Time 
1399 (1/fclK> 
1399 (1/fCLK) 
(max) 


fClK = 3.5 MHz 
399 
400 
,,"s(max) 


tW(~)l 
Calibration 
Pulse Width 


I 
(Note 16) 
60 
200 
ns(min) 


tW(WR")l 
minimum WR Pulse Width 
60 
200 
ns(min) 


tACC 
maximum 
Access 
Time 
Cl = 100pF 


(Delay from Falling 
Edge of 
50 
95 
ns(max) 


RD to Output 
Data Valid) 


IoH. t1H 
TRI-STATE 
Control 
(Delay 
Rl = 1 kO. 


from Rising Edge of RD 
Cl = 100pF 
30 
70 
ns(max) 


to Hi-Z State) 


tpD(iNT) 
maximum 
Delay from Falling Edge 
100 
175 
ns(max) 
of RD or WR to Reset of INT 


tRR 
Delay between 
Successive 
RD Pulses 
30 
80 
ns(min) 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for whtch the device is 


functional, 
but do not guarantee specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 


specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the dev;es is not operated 
under the listed test 


conditions. 


Note 2: All voltages are measured with respect to AGND and DGND, unless otherwise 
specified. 


Note 3: Whenthe inputvoltage(V,N)at anypin exceedsthe powersupplyrails(V,N< v- 
or V,N> (AVec or DVccl, the currentat that pin shouldbe limitedto 


5 mA. The 20 mA maximum package input current rating allows the voltage at any four pins, with an input current limit of 5 mA, to simultaneously 
exceed the power 


supplyvoltages. 


Note 4: The power dissipation 
of this device under normal operation 
should never exceed 
191 mW (Quiescent 
Power Dissipation + 1 TIL 
Load on each digital 


output). Caution should be taken not to exceed absolute 
maximum power rating when the device is operating 
in a severe fault condition 
(ex. when any inputs or 


outputs 
exceed 
the power supply). The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is dictated 
by TJMax (maximum 
junction 


temperature), 
(JJA(package junction to ambient thermal resistance), 
and TA (ambient temperature). 
The maximum allowable power dissipation 
at any temperature 


is POMax = (TJMax - TAli (JJA or the number given in the Absolute Maximum Ratings, whichever 
is lower. For this device, TJMax = 150"C, and the typical thermal 


resistance(8JAl of the ADC12451with CMJ,and CIJsuffixeswhenboardmountedis 51·C/W. 


Note 5: Human body model, 100 pF discharged 
through a 1.5 k!1 resistor. 


Note 6: Two on-chip diodes are tied to the analog input as shown below. Errors in the AID conversion 
can occur if these diodes are forward biased more than 


50 mV. This means that if AVec and DVec are minimum (4.75 Vod 
and V- 
is maximum (-4.75 
Vocl, 
the analog input full~scale voltage must be 
:s;: ±4.8 Voc. 


aVec 


24 


r -- 
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- 
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Electrical Characteristics 
(Continued) 


Note 7: A diode exists between AVec and DVec as shown below. 


I 
I 
I 


Avcc:II: 
TO INTERNAL 
I 
CIRCUITRY 


DVcc 
24: 
TO INTERNAL 
CIRCUITRY 
I 
I 
I 
TLIH/11025-5 


To guarantee 
accuracy, 
~ is required that the AVec and DVec be connected 
together to a power supply with separate bypass finers at aach Vec pin. 


Note 8: Accuracy is guaranteed 
at IClK - 
3.5 MHz. At higher or lower clock frequencies 
accuracy may degrade, see the typical performance 
characteristic 
curves. 


_ 
I: Typical8 are at TJ - 
2S'C and represent 
most likely parametric 
norm. 


Note 
10: Um~ 
are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Not. 
11: POIlilIYe linearity error i8 defined as the deviation of the analog value, expressed in LSBs, Irom the straight line that passes through positive lull scaJe and 
zero. For negative linearity error the straight line passes through negative lull scale and zero. (See FigufBS tb and toj. 


Note 12: The AOC124S1's oeIf-calibration 
technique ensures linearity, full scale, end offset errors as specified, but noise inherent in the oeIf-calibretion 
process will 


reoun in a _tabil~ 
uncertainly 
01 ±0.20 LSB. 


_ 
130 If TA changes then an Auto-Zero 
or Auto-Cal cycle will have to be r8-8tarted, see the typical parformance 
characteri8tic 
curve8. 


Note 
14: After an Auto-Zero 
or Auto-Cal cycle at the specified 
power supply extremes. 


Not. 
15: When using the WFl control to start a conversion 
if the clock is asynchronous 
to the rising edge 01WFl en uncertainty 
of one clock period wille.ist 
in the 
end 01 lhe interval of lA, therefore 
making tA end a minimum 6 clock periods or a maximum 7 clock periods after the rising edge 01WFl. If the lalling edge 01 the 
clock is synchronous 
to the rising edge 01WFl then tA will end execlly 6.S clock periods after the rislng edge 01WFl. This doe8 not occur when S/H control Is used. 


Note 
18: The CAE line must be high before a conversion 
is started. 


Note 
17: The speciIIcatlons 
lor these parameters 
are valid after an Auto-Cal cycle has been completed. 


_ 
11: The ADC124S1 reference 
1_ 
is composed 
solely 01 capa~ors. 


Note 11: A milttary RETS electrical test speciIIcation 
is available on request. At time 01 printing, the ADCI24S1CMJ/883 
RETS speciIIcation 
complies fully with the 
__ 
Ii~ 
in this column. 
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1.0 Pin Descriptions 


DVcc (24), 
AVec (4) 


DGND (12), 
AGND (3) 


The digital and analog positive power supply 
pins. The digital and analog power supply 
voltage range of the ADC12451 is +4.5V to 
+5.5V. To guarantee accuracy, it is required 
that the AVec and DVcc be connected to- 
gether to the same power supply with sepa- 
rate bypass capacitors (10 JJ.Ftantalum in 
parallel with a 0.1 JJ.Fceramic) at each Vcc 
pin. 
The analog negative supply voltage pin. V- 
has a range of -4.5V 
to -5.5V 
and needs 
bypass capacitors of 10 JJ.Ftantalum in paral- 
lel with a 0.1 JJ.Fceramic. 
The digital and analog ground pins. AGND 
and DGND must be connected together ex- 
ternally to guarantee accuracy. 
The reference input voltage pin. To maintain 
accuracy the voltage at this pin should not 
exceed the AVec or DVcc by more than 
50 mV or go below + 3.5 Voc. 
The analog input voltage pin. To guarantee 
accuracy the voltage at this pin should not 
exceed Vec by more than 50 mV or go below 
V- 
by more than 50 mY. 


The Chip Select control input. This input is 
active low and enables the WR, RD and S/H 
functions. 
The Read control input. With both CS and RD 
low the TRI-STATE output buffers are en- 
abled and the iNf output is reset high. 
The Write control input. The conversion is 
started on the rising edge of the WR pulse 
when CS is low. When this control line is 
used the end of the analog input voltage ac- 
quisition window is internally controlled by the 
ADC12451. 


The sample and hold control input. This con- 
trol input can also be used to start a conver- 
sion. With CS low the falling edge of S/H 
starts the analog input acquisition window. 
The rising edge of S/H ends the acquisition 
window and starts a conversion. 
The ex1ernalclock input pin. The typical clock 
frequency range is 500 kHz to 6.0 MHz. 
The 
Auto-Calibration control 
input. When 
GAL is low the ADC12451 is reset and a cali- 
bration cycle is initiated. During the calibra- 
tion cycle the values of the comparator offset 
voltage and the mismatch errors in the ca- 
pacitor reference ladder are determined and 
stored in RAM. These values are used to cor- 
rect the errors during a normal cycle of AID 
conversion. 
The Auto-Zero control input. With the AZ pin 
held low during a conversion, the ADC12451 
goes into an auto-zero cycle before the actu- 
al AID conversion is started. This Auto-Zero 
cycle corrects for the comparator offset volt- 
age. The total conversion time (te) is in- 
creased by 26 clock periods when Auto-Zero 
II used. 


The End-of-Conversion control output. This 
output is low during a conversion or a calibra- 
tion cycle. 
The Interrupt control output. This output goes 
low when a conversion has been completed 
and indicates that the conversion result is 
available in the output latches. Reading the re- 
sult Qr starting a conversion or calibration cy· 
cle will reset this output high. 
The TRI-STATE output pins TwelvE' bit plUE 
sign output data access is accomplished using 
two successive RDs of one byte each. high 
byte first (DB8-DB12). The data format used 
is two's complement sign bit extended with 
DB12 the sign bit, DB11 the MSB '1ndDBOthe 
LSB. 


fI 


D80/D88- 
DB7/DB12 
(13-20) 


2.0 Functional Description 
The ADC12451 is a 12-bit plus sign AID converter with the 
capability of doing Auto-Zero or Auto-Calibration routineEto 
minimize zero, full-scale and linearity errors It is a SUCC'3S- 
sive-approximation AID 
converter consisting of a DAC 


comparator and a successive-approximation register (SAR) 
Auto-Zero is an internal calibration sequence that correctE 
for the AID's zero error caused by the comparator's offset 
voltage. Auto-Cal is a calibration cycle that not only corrects 
zero error but also corrects for full-scale and linearity errors 
caused by DAC inaccuracies. Auto-Cal minimizes the errors 
of the ADC12451 without the need of trimming during its 
fabrication. An Auto-Cal cycle can restore the accuracy Of 
the ADC12451 at any time, which ensures accuracy over 
temperature and time. 


2.1 DIGITAL 
INTERFACE 


On power up, a calibration sequence should be initiated by 
pulsing GAL low with CS and S/H high. To acknowledge the 
GAL signal, EOC goes low after the falling edge of CAL, and 
remains low during the calibration cycle of 1399 clock peri- 
ods. During the calibration sequence, first the comparator's 
offset is determined, then the capacitive DAC's mismatch 
error is found. Correction fGlctorsfor these errors are then 
stored in internal RAM. 
A conversion is initiated by taking CS and WR low. If AZ is 
Iowan Auto-Zero cycle, which takes approximately 26 clock 
periods, is inserted before the analog input is sampled and 
the actual conversion is started. AZ must remain low during 
the complete conversion sequence. After Auto-Zero the ac- 
quisition opens and the analog input is sampled for appprox- 
imately 7 clock periods. If AZ is high, the Auto-Zero cycle is 
not inserted after the rising edge 0' WR in thi!- case the 
acquisition window opens when the ADG12451 completes a 
conversion, signaled by the rising edge of EOC. At the end 
of the acquisition window EOC goes low signaling tlla' tile 
analog input is no longer being samolE'rlGlne'th"t tile AJC 
successive approximation cnnversion h,,~ ~tartPC 


.••II ••..•V .•.• 'VI 
'In;;' QIIQIV~ 
III"'UI. 
VVII.Cl~~. 
lllt:= 
11~IIIY 
t'uyt:! 
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immediately puts the AID in the hold mode and starts the 
conversion. Using S/H will simplify synchronizing the end of 
the acquisition window to other signals, which may be nec- 
essary in a DSP environment. 


During a conversion, the sampled input voltage is succes- 
sively compared to the output of the DAC. First, the ac- 
quired input voltage is compared to analog ground to deter- 
mine its polarity. The sign bit is set low for positive input 
voltages and high for negative. Next the MSB of the DAC is 
set high with the rest of the bits low. If the input voltage is 
greater than the output of the DAC, then the MSB is left 
high; otherwise it is set low. The next bit is set high, making 
the output of the DAC three quarters or one quarter of full 
scale. A comparison is done and if the input is greater than 
the new DAC value this bit remains high; if the input is less 
than the new DAC value the bit is set low. This process 
continues until each bit has been tested. The result is then 
stored in the output latch of the ADC12451. Next INT goes 
low, and EOC goes high to signal the end of the conversion. 


The result can now be read by taking CS and RD low to 
enable the DBO/DB8-DB7/DB12 
output buffers. The high 


byte of data is relayed first on the data bus outputs as 
shown below: 


The table in Figure 
3 summarizes the effect of the digital 


control inputs on the function of the ADC12451. The Test 
Mode, where RD and S/H are high and CS and CA[ are 
low, is used during manufacture to thoroughly check out 


Utltl oecome active outputs, which may cause data bus 
contention. 


2.2 RESETTING 
THE AID 
The ADC12451 is reset whenever a new conversion is start- 
ed by taking CS and WR or S/H low. If this is done when the 
analog input is being sampled or when EOC is low, the 
Auto-Cal correction factors may be corrupted, therefore re- 
quiring an Auto-Cal cycle before the next conversion. When 
using WR or S/H without Auto-Zero (AZ = 1) to start a 
conversion, a new conversion can be restarted only after 
EOC has gone high signaling the end of the current conver- 
sion. When using WR with Auto-Zero (AZ = 0) a new con- 
version can be restarted during the first 26 clock periods 
after the rising edge of WR (tz) or after EOC has returned 
high without corrupting the Auto-Cal correction factors. 


The Calibration Cycle cannot be reset once started. On 
power-up the ADC12451 automatically goes through a Cali- 
bration Cycle that takes typically 1399 clock cycles. For rea- 
sons that will be discussed in Section 3.8, a new calibration 
cycle needs to be started after the completion of the auto- 
matic one. 


3.0 Analog Considerations 


3.1 REFERENCE 
VOLTAGE 
The voltage applied to the reference input of the converter 
defines the voltage span of the analog input (the difference 
between VIN and AGND), over which 4095 positive output 
codes and 4096 negative output codes exist. The A-to-D 
can be used in either ratiometric or absolute reference ap- 
plications. The voltage source driving VREF must have a 
very low output impedance and very low noise. The circuit in 
Figure 
48 is an example of a very stable reference that is 


appropriate for use with the ADC12451. The simple refer- 
ence circuit of Figure 
4b may be used when the application 


does not require a low full-scale error. 


Digital Control Inputs 
~ 


CS 
WR 
AID Function 
5/H 
RD 
CAL 
AZ 
I 


"'l..J 
"'l..J 
1 
1 
1 
1 
Start Conversion without Auto-Zero 


"'l..J 
1 
"'l..J 
1 
1 
1 
Start Conversion synchronous with rising edge of S/H without Auto-Zero 


"'l..J 
1 
1 
"'l..J 
1 
1 
Read Conversion Result without Auto-Zero 


"'l..J 
"'l..J 
1 
1 
1 
0 
Start Conversion with Auto-Zero 


"'l..J 
1 
1 
"'l..J 
1 
0 
Read Conversion Result with Auto-Zero 


1 
X 
1 
X 
"'l..J 
X 
Start Calibration Cycle 


0 
X 
X 
1 
0 
X 
Test Mode (DB2, DB3, DB5, and DB6 become active) 


+12.V to +tSV-}~ 
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FIGURE 48. Low Drift Extremely Stable Reference Circuit 


In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the AID reference. When this 
voltage is the system power supply, the VREFpin can be 
tied to Vce. This technique relaxes the stability requirement 
of the system reference as the analog input and AID refer- 
ence move together maintaining the same output code for a 
given input condition. 
For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will reo 
quire an initial adjustment to null out full-scale errors. 


3.2 ACQUISITION WINDOW 
As shown in the timing diagrams there are three different 
methods of starting a conversion, each of which affects the 
acquisition window and timing. 


With Auto-Zero high a conversion can be started with the 
WR or 'S/H controls. In either method of starting a conver- 
sion the rising edge of EOC signals the actual beginning of 
the acquisition window. At this time a voltage spike may be 
noticed on the analog input of the ADC12451 whose ampli- 
tude is dependent on the input voltage and the source reo 
sistance. The timing diagrams for these two methods of 
starting a conversion do not show the acquisition window 
starting at this time becausa the acquisition time (tAl must 
start after the conversion result high and low bytes have 
been read. This is necessary since activating and deactivat- 
ing the digital outputs (DBO/DB7-DB8/DB12) 
causes cur- 
rent fluctuations in the ADC12451's internal DVce lines. 
This generates digital noise which couples into the capaci- 
tive ladder that stores the analog input voltage. Therefore, 
the time interval between the rising edge of EOC and the 
second read is inappropriate for analog input voltage acqui- 
sition. 
When wn Is used to start a conversion with AZ low the 
Auto-Zero cycle is inserted before the acquisition window. In 
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Errors without any trims: 


25'C 
-40'Cto 
+85'C 


Full Scale 
±O.075% 
±O.2% 


Zero 
±O.024% 
±O.024% 


Linearity 
± % LSB 
± % LSB 
FIGURE 4b. Simple Reference Circuit 


this method the acquisition window is internally controlled 
by the ADC12451 and lasts for approximately 7 clock peri- 
ods. Since the acquisition window needs to be at least 
3.5 I'-s at all times, when using Auto-Zero the maximum 
clock frequency is limited to.2 MHz. The zero error with the 
Auto-Zero cycle is production tested at a clock frequency of 
1.75 MHz. This accommodates easy switching between a 
conversion with the Auto-Zero cycle (fCLK= 1.75 MHz) and 
without (fCLK= 3.5 MHz) as shown in Figure 
5. 


TUH/l1025-22 


FIGURE 5. Switching between a Conversion with and 


without Au~o·Zero whe':! Using WR Control 


3.3 INPUT CURRENT 
Because the input network of the ADC12451 is made up of 
a switch and a network of capacitors a charging current will 
flow into or out of (depending on the input voltage polarity) 
of the analog input pin (VIN)on the start of the analog input 
sampling period. The peak value of this current will depend 
on the actual input voltage applied and the source resist- 
ance. 


3.4 NOISE 
The leads to the analog input pin should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to this input can cause er- 
rors. Input filtering can be used to reduce the effects of 
these noise sources. 


3.0 Analog Considerations 
(Continued) 


3.5 INPUT 
BYPASS 
CAPACITORS 


An external 
capacitor 
can be used to filter out any noise due 


to inductive 
pickup 
by a long input lead and will not degrade 


the accuracy 
of the conversion 
result. 


3.6 INPUT 
SOURCE 
RESISTANCE 


The 
analog 
input 
can 
be modeled 
as shown 
in Figure 
6. 
External 
Rs will lengthen 
the time period 
necessary 
for the 


voltage 
on CREF to settle 
to within 
'12 LSB of the analog 


input voltage. 
With tA = 3.5 p.s, Rs ,;;: 1 kO will allow 
a 5V 


analog 
input voltage 
to settle 
properly. 


3.7 POWER 
SUPPLIES 


Noise 
spikes 
on the Vcc 
and V- 
supply 
lines 
can 
cause 


conversion 
errors 
as the 
comparator 
will 
respond 
to this 


noise. 
The AID 
is especially 
sensitive 
during 
the Auto-Zero 
or -Cal procedures 
to any power 
supply 
spikes. 
Low induc- 


tance 
tantalum 
capacitors 
of 
10 p.F or greater 
paralleled 


with 0.1 p.F ceramic 
capacitors 
are recommended 
for supply 


bypassing. 
Separate 
bypass 
capacitors 
should 
be placed 


close 
to the 
DVcc, 
AVec 
and V- 
pins. 
If an unregulated 


voltage 
source 
is 
available 
in 
the 
system, 
a 
separate 
LM340LAZ-5.0 
voltage 
regUlator 
for the A-to-D's 
Vcc 
(and 


other 
analog circuitry) 
will greatly 
reduce 
digital noise on the 


supply 
line. 


3.8 THE CALIBRATION 
CYCLE 


On power 
up the ADC12451 
goes through 
an Auto-Cal 
cy- 


cle which 
cannot 
be interrupted. 
Since 
the 
power 
supply, 


reference, 
and clock 
will not be stable 
at power up, this first 


calibration 
cycle 
will not result 
in an accurate 
calibration 
of 


the AID. 
A new calibration 
cycle 
needs 
to be started 
after 


the power 
supplies, 
reference, 
and clock 
have been 
given 


enough 
time 
to stabilize. 
During 
the calibration 
cycle, 
cor- 


rection 
values 
are determined 
for the offset 
voltage 
of the 


sampled 
data comparator 
and any linearity 
and gain errors. 
These values 
are stored 
in internal 
RAM and used during an 


analog-to-digital 
conversion 
to 
bring 
the 
overall 
full-scale, 


offset, 
and linearity 
errors 
down to the specified 
limits. 
Full- 


scale 
error 
typically 
changes 
± 0.2 LSB over 
temperature 


and linearity 
error changes 
even less; therefore 
it should 
be 


necessary 
to go through 
the calibration 
cycle 
only once 
af- 


ter power 
up if Auto-Zero 
is used to correct 
the zero error 


change. 
Since Auto-Zero 
cannot 
be activated 
with S/H 
con- 


version 
method 
it may be necessary 
to do a calibration 
cy- 


cle more than once. 


3.9 THE AUTO·ZERO 
CYCLE 


To correct 
for any change 
in the zero 
(offset) 
error 
of the 


AID, 
the auto-zero 
cycle can be used. It may be necessary 


to do an auto-zero 
cycle whenever 
the ambient 
temperature 


changes 
significantly. 
(See 
the 
curve 
titled 
"Zero 
Error 


Change 
vs Ambient 
Temperature" 
in the Typical 
Perform- 


ance Characteristics.) 
A change 
in the ambient 
temperature 


will 
cause 
the 
Vas 
of 
the 
sampled 
data 
comparator 
to 


change, 
which 
may cause 
the zero error 
of the AID 
to be 


greater 
than ± 1 LSB. An auto-zero 
cycle will typically 
main- 


tain the zero error to ± 1 LSB or less. 


4.0 Dynamic Performance 


Many 
applications 
require 
the AID 
converter 
to digitize 
ac 
signals, 
but the standard 
dc integral 
and differential 
nonlin- 


earity specifications 
will not accurately 
predict 
the AID 
con- 


verter's 
performance 
with 
ac 
input 
signals. 
The 
important 
specifications 
for ac applications 
reflect 
the converter's 
abil- 


ity to digitize 
ac signals 
without 
significant 
spectral 
errors 
and 
without 
adding 
noise 
to the 
digitized 
signal. 
Dynamic 


characteristics 
such 
as 
signal-to-noise 
(SIN), 
signal-to- 


noise + distortion 
ratio 
(S/(N + DJ), effective 
bits, full power 
bandwidth, 
aperture 
time and aperture 
jitter are quantitative 


measures 
of the AID 
converter's 
capability. 


An AID 
converter's 
ac performance 
can be measured 
using 
Fast Fourier 
Transform 
(FFT) methods. 
A sinusoidal 
wave- 


form 
is applied 
to the AID 
converter's 
input, and the trans- 


form is then performed 
on the digitized 
waveform. 
SI (N + D) 


and SIN 
are calculated 
from the resulting 
FFT data, and a 
spectral 
plot may also be obtained. 
Typical 
values 
for SIN 
are 
shown 
in the 
table 
of 
Electrical 
Characteristics, 
and 
spectral 
plots 
of S/(N+D) 
are included 
in the typical 
per- 
formance 
curves. 


The AID 
converter's 
noise and distortion 
levels will change 


with the frequency 
of the input signal, 
with 
more 
distortion 
and noise 
occurring 
at higher 
signal 
frequencies. 
This can 
be seen 
in the SI (N + D) versus 
frequency 
curves. 
These 


curves 
will also 
give an indication 
of the full 
power 
band- 


width 
(the frequency 
at which 
the S/(N+O) 
or SIN 
drops 


3 dB). 


4.0 Dynamic Performance 
(Continued) 


Effective 
number 
of bits can also be useful 
in describing 
the 


AID's 
noise performance. 
An ideal AID 
converter 
will have 


some amount 
of quantization 
noise, determined 
by its reso- 
lution, 
which 
will yield 
an optimum 
SIN 
ratio 
given 
by the 


following 
equation: 


SIN 
= (6.02 x n + 1.8) dB 


where 
n is the AID's 
resolution 
in bits. 


The effective 
bits of a real AID 
converter, 
therefore, 
can be 


found 
by: 


S/N(dB) 
-1.8 


n(effective) 
= ----- 
6.02 


As an example, 
an ADC12451 
with 
a 
±5V, 
10 kHz sine 


wave input signal will typically 
have a SIN of 78 dB, which 
is 


equivalent 
to 12.6 effective 
bits. 


Two samplelhold 
specifications, 
aperture 
time and aperture 
jitter, 
are 
included 
in 
the 
Dynamic 
Characteristics 
table 
since 
the ADC12451 
has the 
ability 
to track 
and 
hold 
the 


analog 
input voltage. 
Aperture 
time is the delay for the AID 
to 
respond 
to 
the 
hold 
command. 
In 
the 
case 
of 
the 
ADC12451, 
the 
hold 
command 
is 
internally 
generated. 


When 
the 
Auto-Zero 
function 
is not 
being 
used, 
the 
hold 


command 
occurs 
at the end of the acquisition 
window, 
or 
seven 
clock 
periods 
after 
the rising 
edge 
of the 
WR. The 


delay 
between 
the internally 
generated 
hold command 
and 


the time that the ADC12451 
actually 
holds the input signal is 
the aperture 
time. 
For the ADC12451, 
this time 
is typically 


100 
ns. Aperture 
jitter 
is the 
change 
in the 
aperture 
time 


from sample 
to sample. 
Aperture 
jitter is useful 
in determin- 


ing the 
maximum 
slew 
rate of the 
input 
signal 
for a given 
accuracy. 
For example, 
an ADC12451 
with 
100 ps of aper- 


ture jitter operating 
with a 5V reference 
can have an effec- 


tive gain variation 
of about 
1 LSB with an input signal whose 


slew rate is 12 VI!'-S. 


ADC12451 


AGNO 


~.1 
J'F~10J'Fl 


• Tantalum 
•• Ceramic 


TLIH/11025-25 


Note: 
External 
protection 
diodes should be able to withstand 
the op amp current limit. 
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.•.. 
~~ t!JNational 
Semiconductor 


c( 
.•.•. 
.•..i ADC16071/ADC16471 
g 
16-Bit Delta-Sigma 192 ks/s Analog-to-Digital 
Converters 
c( 
General Description 
The ADCl6071/ADCl6471 
are 16-bit delta-sigma analog- 


to-digital 
converters 
using 
64 
x 
oversampling 
at 


12.288 MHz. A 5th-order comb filter and a 246 tap FIR deci- 
mation filter are used to achieve an output data rate of up to 
192 kHz. The combination of oversampling and internal digi- 
tal filtering greatly reduces the external anti-alias filter re- 
quirements to a simple RC low pass filter. The FIR filters 
offer linear phase response, 0.005 dB passband ripple, and 
~90 dB stopband rejection. The ADC16071/ADCl6471's 
analog fourth-order 
modulator uses switched capacitor 


technology. A built-in fully-differential bandgap voltage ref- 
erence is also included in the ADCl6471. The ADC16071 
has no internal reference and requires externally applied 
reference voltages. 
The ADCl6071/ADCl6471 
use an advanced BiCMOS pro- 


cess for a low power consumption of 500 mW (max) while 
operating from a single 5V supply. A power-down mode re- 
duces the power supply current from 100 mA (max) in the 
active mode to 1.3 mA (max). 
The ADC16071/ ADC16471 are ideal analog-to-digital front 
ends for signal processing applications. They provide a 
complete high resolution signal acquisition system that re- 
quires a minimal external anti-aliasing filter, reference, or 
interlace logic. 
The ADC16071/ADCl6471's 
serial interlace is compatible 


with the DSP56001, TMS320, and ADSP2100 digital signal 
processors. 


Connection 
Diagram 


VREr• 
1· 
24 
V1N• 


VREr- 
23 
V1N_ 


V~ID 
22 
PO 


AGNO 
4 
21 
V·A 


~GNO 
20 
V·~ 


OGNO 
ADCll1071 
19 
V·0 


OGNO 
ADClll471 
18 
V·0 


snIT 
17 
TSI 


TIlO 
9 
16 
ODE 


Till 
10 
1S 
rso 


rSI 
11 
14 
S00 


ClK 
SCO 


Key Specifications 


• 
Resolution 
• 
Total harmonic distortion 
48 kHz output data rate 
192 kHz output data rate 
• 
Maximum output data rate 
• 
Power dissipation 
-Active 
192 kHz output data rate 
48 kHz output data rate 
- 
Power-down 


-94 
dB (typ) 


-80 
dB (typ) 
192 kHz (min) 


500 mW (max) 
275 mW (max) 
6.5 mW (max) 


Key Features 
• 
Voltage reference (ADC16471 only) 


• 
Fourth-order modulator 


• 
64 x oversampling with a 12.288 MHz sample rate 


• 
Adjustable output data rate from 7 kHz to 192 kHz 


• 
Linear-phase digital anti-aliasing filter: 
- 
0.005 dB passband ripple 
- 
90 dB stopband rejection 
• 
Single +5V supply 
• 
Power-down mode 
• 
Serial data interlace compatible with popular 
DSP devices 


Applications 
• 
Medical instrumentation 
• 
Process control systems 
• 
Test equipment 


• 
High sample-rate audio 
• 
Digital Signal Processing (DSP) analog front-end 


• 
Vibration and noise analysis 


Part No. 
Package 
NSPackage 
No. 


ADCl6471CIN 
24-Pin Molded DIP 
N24C 


ADC16471CIWM 
24-PinSOIC 
M24B 
ADC16071CIN 
24-Pin Molded DIP 
N24C 


ADCl6071CIWM 
24-PinSOIC 
M24B 


ADC16471 


VA+ 
v: 
VO+ 
VO+ 
AGND 
MGND 
DGND. 
DGND 
DDDDDDDD 


DIFFERENTIAL 
BANDGAP 
VOLTAGE 
REFERENCE 


ADC16071 


v: 
v~+ 
vo+ 
vo+ 
AGND 
MGND 
DGND 
DGND 
DDDDDDDD 
• 


Absolute Maximum Ratings 
(Notes 
1 and 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
ESD Susceptibility 
(Note 5) 


please 
contact 
the 
National 
semiconductor 
Sales 
Human 
Body Model 
4000V 
Office/Distributors 
for 
availability 
and 
specifications. 
Machine 
Model 
250V 


Supply Voltage 
(VA +, Vo+, 
and VM+) 
+6.5V 
See AN-450 
"Surface 
Mounting 
Methods 
and Their 
Effect 


Logic Control 
Inputs 
-0.3V 
to Vo+ 
+ 0.3V 
on Product 
Reliability" 
for other 
methods 
of soldering 
sur- 


Voltage 
at Other 
face mount 
devices. 


Inputs and Outputs 
-0.3VtoVA+ 
= VM+ 
+ 0.3V 
Operating Ratings 
(Notes 
1 and 2) 
Input Current 
at Any Pin (Note 3) 
±25 
mA 


Package 
Input Current 
(Note 3) 
±100mA 
Temperature 
Range 
(Tmin ,;; TA ,;; Tmaxl 


Maximum 
Junction 
Temperature 
(Note 4) 
150·C 
ADCl6471 
CIN, ADC16071 
CIN, 
-40·C 
,;; TA ,;; +85·C 


Storage 
Temperature 
- 65·C to + 150·C 
ADC16471CIWM, 
ADC16071CIWM 


Lead Temperature 
Supply 
Voltage 
N Package 
(Soldering, 
10 sec.) 
300·C 
VA+, 
Vo+, 
VM+ 
4.75V to 5.25V 


WM Package 
(Infrared, 
15 sec.) 
220·C 
WM Package 
(Vapor Phase, 60 sec.) 
215·C 


Converter Electrical Characteristics 
The following 
specifications 
apply for VM + = VA + = Vo + = 5.0Voc, 
VMIO = VA + /2 = 2.50V, 
VREF + = VMIO + 
1.25V, 
VREF- 
= VMIO - 
1.25V, fCLK = 24.576 
MHz, and dynamic 
tests 
are performed 
with an input signal magnitude 
set at -6 
dB 


with respect 
to a full-scale 
input unless otherwise 
specified. 
Boldface 
limits 
apply 
for 
T A = T J = T mln to T mall; all other 
limits TA = TJ = 25·C. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
6) 
(Note 
7) 
(Limit) 


Resolution 
18 
Bits 


fClK 
= 24.576 
MHz (f. = 192 kHz) 


S/(N+D) 
Signal-to-Noise 
+ 
Distortion 
Ratio 
Measurement 
bandwidth 
= 0.45f. 
76 
72 
dB (min) 


fiN = 19 kHz 


THO 
Total Harmonic 
Distortion 
fiN = 19 kHz 
0.010 
0.022 
% (max) 


IMD 
Intermodulation 
Distortion 
f1 = 18.5 kHz, f2 = 19.5 kHz 
0.010 
0.017 
% (max) 


Converter 
Noise Floor (Note 8) 
Measurement 
Bandwidth 
= 0.45f. 
-88 
-77 
dBFS (min) 


fClK 
= 6.144 MHz (f. = 48 kHz) 


S/(N+D) 
Signal-to-Noise 
+ 
Distortion 
Ratio 
Measurement 
bandwidth 
= 0.45f. 
85 
80 
dB (min) 


fiN = 5 kHz 
73 
dB (min) 


THO 
Total Harmonic 
Distortion 
fiN = 5kHz 
0.002 
0.0055 
% (max) 


0.008 
% (max) 


IMD 
Intermodulation 
Distortion 
f1 = 4 kHz. f2 = 5.5 kHz 
0.003 
0.009 
% (max) 


0.01 
% (max) 


Converter 
Noise Floor (Note 8) 
Measurement 
Bandwidth 
= 0.45f. 
-99 
-92 
dBFS (min) 


-88 
dBFS(min) 


OTHER 
CONVERTER 
CHARACTERISTICS 
. 


ZIN 
Input Impedance 
(Note 9) 
.. 
" 
34 
kO 


!J.Av 
Gain Error 
±0.2 
± 1.0 
%FS(max) 


Vas 
Input Offset Voltage 
15 
mV 


IA 
Analog 
Power Supply Current 
23 
31 
mA(max) 


1M 
Modulator 
Power Supply Current 
fCLK = 24.576 
MHz 
1.6 
2.4 
mA(max) 


fCLK = 6.144 MHz 
0.4 
0.8 


10 
Digital Power Supply Current 
fCLK = 24.576 
MHz 
50 
85 
mA(max) 
fCLK = 6.144 MHz 
13 
23 


ISPO 
Power-Down 
Supply Current 
IA + 10 + 
1M 
~ 
0.25 
1.3 
mA 


Po 
Power Dissipation 


C 
\. 
0.375 
0.5 
W 


VMIO 
VA+/2 
V 
: 


Digital Filter Characteristics 
The following 
specifications 
apply for VA + = Vo + = VM + = SV unless 
otherwise 
specified. 
Boldfece 
11mb 
epply 
for 
TA = TJ = Tmln to Tm •• ; all other 
limits TA = TJ = 2S·C. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 
(Note 6) 
(Note 
7) 
(Limit) 


Stopband 
Rejection 
-90.0 
dB 


Passband 
Ripple 
±O.OOS 
dB 


3 dB Cutoff 
Frequency 
0.4S 
fs 


Data Latency 
3,968 
Clock Cycles 


Reference 
Characteristics 
(ADC16471 
Only) 


The following 
specifications 
apply for VA + = Vo + = VM + = SV, unless otherwise 
specified. 
Boldfece 
limIts 
epply 
for TA 


= TJ = Tmln to Tm •• ; all other 
limits TA = TJ = 2S·C. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
6) 
(Note 7) 
(Limit) 


VREF+ 
Positive 
Internal 
Reference 


VMIO + 1.2S 
VMID + 1.175 
V (min) 


Output Voltage 
VMID + 1.325 
V (max) 


VREF- 
Negative 
Internal 
Reference 
VMIO - 
1.25 
VMID - 
1.325 
V (min) 


Output 
Voltage 
VMID - 
1.175 
V (max) 


.<l.(VREF+- 
Internal 
Reference 
30 
ppml"C 
VREF-)/.<l.T 
Temperature 
Coefficient 


.<l.VREF+/.<l.1 
Positive 
Internal 
Reference 
Sourcing 
(0 mA :s; I :s; + 10 mAl 
3.4 
0.0 
Load Regulation 
Sinking 
(-1 
mA :s; I :s;0 mAl 
mV(max) 


.<l.VREF-/.<l.1 
Negative 
Internal 
Reference 
Sinking 
(-1 
mA :s; I :s;0 mAl 
3.2 
0.0 
Load RegUlation 
Sourcing 
(0 mA :s; I :s; 10 mAl 


Input Reference 
Characteristics 
(ADC16071 
Only) 


The following 
specifications 
apply for VA + = Vo + = VM + = 5V. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 
(Note 
6) 
(Note 
7) 


VREF+ 
Positive 
Reference 
Voltage 
1 
V 


VA+ 
V 


VREF- 
Negative 
Reference 
Voltage 
0 
V 


VA+ 
- 
1 
V 


VREF+ -VREF- 
Total Reference 
Voltage 
1 
V 


VA+ 
V • 


DC Electrical Characteristics 
The following 
specifications 
apply for VA + = Vo + = VM + = 5V unless otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA 


= T•• = TIlIN to TIIAX; 
all other 
limits TA = TJ = 25·C. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
6) 
(Note 
7) 
(Limit) 


VIH 
logic 
High Input Voltage 
Vo+ 
= 5.25V 
VD+ 
V (max) 


2.3 
V (min) 


VIL 
logic 
low 
Input Voltage 
Vo+ 
= 4.75V 
0.8 
V (max) 
-0.3 
V (min) 


VOH 
logic 
High Output Voltage 
logic 
High Output Current = - 400 ",A, 
2.4 
V (min) 


Vo+ 
= 4.75V 


VOL 
logic 
low 
Output Voltage 
logic 
low 
Output Current = 2 mA. 
0.5 
V (max) 


Vo+ 
= 5.25V 


IINel) 
logical 
"1" 
Input Current 
1.0 
5.0 
",A (max) 


IINfO) 
logical 
"0" 
Input Current 
-1.0 
-5.0 
",A (max) 


ITSI 
SDO TRI-STATE~ 
leakage 
Current 
VIN = 0.4V to 2.4V 
1.0 
5.0 
",A (max) 


CIN 
logic 
Input Capacitance 
VIN = OtoVo+ 
5 
pF 


AC Electrical Characteristics 
for Clock In (CLK), Serial Clock Out (SCO), and 


Frame Sync In (FSI) 
The following 
specifications 
apply for VA + = Vo + = VM + = 5V unless otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA 


= T•• = TIlIN to TIIAX; 
all other 
limits TA = TJ = 25·C. 


Symbol 
Parameter 
Conditions 
Typical 
limits 
Units 


(Note 
6) 
(Note 
7) 
(Limit) 


fCLK 
ClK 
Frequency 
Range 
25 
MHz (max) 


(fCLK = l/teud 
1 
MHz (min) 


teLK 
ClK 
Period 
1000 
ns(max) 


(teLK = l/fCLK) 
40 
ns(min) 


tCLKL 
ClK 
low 
Pulse Width 
18 
ns(min) 


teLKH 
ClK 
High Pulse Width 
14 
ns(min) 


tR 
ClK 
Rise Time 
10 
ns(max) 


3 
ns(min) 


tF 
ClK 
Fall Time 
10 
ns(max) 


3 
ns(min) 


tFSILOW 
Minimum 
Frame Sync Input 


low 
Time before 
Frame Sync 
2 
teLK (min) 


Input Asserted 
High 


tFSISU 
Frame Sync Input Setup Time 
10 
ns(min) 


tFSIH 
Frame Sync Input Hold Time 
10 
ns(min) 


tscoo 
Serial Clock Output 
Delay 
20 
ns (max) 
Time from Rising Edge 
12 
ofClK 
5 
ns(min) 


tsco 
Serial Clock Output 
Period 
4 
tCLK 


AC Electrical Characteristics 
for Frame Sync Out (FSO), Serial Clock Out 
(SCO), and Serial Data Out (SDO) 


The 
following 
specifications 
apply 
for 
VA + = Vo + = VM + = 5V 
unless 
otherwise 
specified. 
Boldt.c. 
limits 
.pply 
for 
TA 


= T" = TMIN to 
TMAX: all 
other 
limits 
TA = TJ = 
25'C. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
6) 
(Note 
7) 
(Limit) 


tSCOFSOH 
Delay 
from 
Serial 
Clock 
Out 
to 
2 
5 
ns(max) 
Frame 
Sync 
Output 
High 


tSCOFSOL 
Delay 
from 
Serial 
Clock 
Out 
to 
2 
5 
ns(max) 
Frame 
Sync 
Output 
low 


tsoov 
Delay 
from 
Serial 
Clock 
Out 
to 
3 
8 
ns(max) 
Serial 
Data 
Output 
Valid 


tFSIFSOL 
Delay 
from 
Frame 
Sync 
Input 
to 
8 
!eLK 
(max) 
Frame 
Sync 
Output 
low 


AC Electrical Characteristics 
for Data Output Enable (DOE) 


The 
following 
specifications 
apply 
for 
VA + = Vo + = VM + = 5V 
unless 
otherwise 
specified. 
Boldf.c.llmlts 
.pply 
for 
TA 


= T" = TMIN to 
TMAX; all 
other 
limits 
TA = TJ = 
25'C. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
6) 
(Note 
7) 
(Limit) 


tOOEE 
Data 
Output 
Enable 
Delay 
Time 
20 
25 
ns(max) 


tOOEO 
Data 
Output 
Disable 
Delay 
Time 
16 
20 
ns(max) 


Not. 
1: Absolute 
Maximum Ratings indicate Iim~s beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional, 
but do not guarantee specific performance 
lim~. 
For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply for the test conditions 
listed. Some performance 
cheracteristics 
may degrede when the device is not operated 
under the listed test conditions. 


Note 2: All voltages 
are measured with respect to GNO, unless otherwise 
specified. 


Not. 
3: When the input voltage (V,r<>at any pin exceeds the power supply rails (V,N < GND or V,N > (VA +, VM+, orVo+)), 
the current at thet J"n should be lim~ed 


to 25 mA. The 100 mA maximum package input current rating allows the voltage at any four pins, with an input current of 25 mA each, to simultaneously 
exceed the 
power supply voltages. 


Not. 
4: The maximum power dissipation is a function of the maximum junction temperature 
(TJ(MAX)' total thermal resistance (9JAl, and ambient temperature 
(TAl. 
The maximum 
allowable 
power dissipation 
at any ambient temperature 
is PO(m•• ) ~ 
(TJ(m8ll) - 
TAl/9JA. 
When board mounted, 
the AOC'6071/AOC16471's 
typical thermal resistance 
is: 


Ord.r 
Number 
9JA 


AOC16D71CIN, AOC16471CIN 
4rC/W 


AOC16D71CIWM, AOC16471 CIWM 
72"C/W 


Note 5: Human body model, 100 pF discharge 
through a 1.5 kO resistor. The machine model is a 200 pF capac~or discharged 
direetly into each pin. 


Note .: Typicals are at TA = 25'C and represent 
most likely parametric 
norm. 


Note 7: U~ 
are guaranteed 
to National's 
AOOL (Average Output Quality Level). 


Note': 
The V,N+ 
pin is shorted to the V,N- 
pin. 


Note t: The input impedance 
between V,N+ and V,N- 
due to the effective 
resistance 
of the s~ch 
capa~or 
input varies as follows: 


Z,N = 


10'2 


235' 
(fClK) 
. 
2 
• 


S/(N + D) vs VIN Amplitude 
Data Rate (fs) 
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FIGURE 1.Timing Diagrams for Clock Input (CLK), 
Frame Sync Input (FSI), and serial Clock Output (SCO) 
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FIGURE 5. Timing Diagrams for Data Output Enable (DOE) and Serial Data Out (Soo) 


Pin Description 


VREF+, VREF- These are the ADC16471's internal differ- 
ential reference's bypass pins. Their nomi- 
nal output voltage is 
± 1.25V centered 
around the voltage at the VMIDpin, typically 
VA+/2. 
VREF+, VMID,and VREF- should 
be bypassed with a parallel combination of 
10 ,..F and 0.1 ,..F capacitors. For the 
AOCl6071, these are the reference voltage 
inputs. VREF+ and VMID should be by- 
passed with a parallel combination of 10 ,..F 
and 0.1 ,..F capacitors. 


VMID 
This pin is the internal differential refer- 
ence's VA+ 12 output pin. VMID should be 
bypassed with a parallel combination of 
10 ,..F and 0.1 ,..F capacitors. 


VIN+, VIN- 
These are the AOC's differential input pins. 
Signals applied to these pins can be single- 
ended or differential with respect to the 
VMIDvoltage. 


m 
This is the input pin used to activate the 
power-down mode. When a logic lOW (0) 
is applied to this pin the supply current 
drops from 100 mA (max) to 1.3 mA (max). 


AGND 
This is the connection to system analog 
ground. Internally, this ground is connected 
to the analog circuitry, including the fourth- 
order modulator. 


DGND 
This is the connection to system digital 
ground. Internally. this ground is connected 
to all digital circuitry except the modulator's 
clock. 
MGND 
This is the ground pin for the modulator's 
clock. It should be connected to analog 
ground through its own connection that is 
separate from that used by AGND. 
VA+ 
This pin is the connection to the system an- 
alog voltage supply. Best performance is 
achieved when this pin is bypassed with a 
parallel combination of 10 ,..F and 0.1 ,..F 
capacitors. 


VM+ 
This is the modulator's supply pin. VM+ should 
be connected to the system analog voltage 
supply with a circuit board trace or connection 
that is separate from that used to supply VA+ . 
Best performance is achieved when this pin is 
bypassed with a parallel combination of 10 ,..F 
and 0.1 ,..F capacitors. 


VD+ 
This pin is the connection to the system digital 
voltage supply. Best performance is achieved 
when this pin is bypassed with a parallel combi- 
nation of 10 ,..F and 0.1 ,..F capacitors. 


SFMT 
This is the Serial Format pin. The logic level 
applied to the SFMT pin determines whether 
conversion data shifted out of the SDO pin is 
valid on the rising or falling edge of SCO. It also 
controls the format of the Frame Sync Out 
(FSO) signal. See the Serial Interface section 
for details. 


TMO,TMl 
Used to enabled test mode during production. 
Connect both pins to DGND. 


FSI 
This is the Frame Sync Input pin. FSI is an 
input used to 
synchronize the 
ADC160711 


ADCl6471's conversions to an external source. 
The state of FSI is sampled on the falling edge 
of CLK. See the Serial Interface 
section for 


details. 


ClK 
This is the clock signal input pin. The signal ap- 
plied to this pin sets the sample rate of the 
ADC16071/ADC16471's 
modulator to fCLK/2. 


The frequency range can be 1 MHz s: fCLK s: 
25 MHz. 


SCO 
This 
is the 
Serial Clock 
Output 
pin. The 


AOC16071/ADCl6471's 
serial data transmis- 


sion is synchronous with the SCO signal. SCO 
has a frequency of fCLK/4. See the Serial In- 
terface section for details. 


SDO 
This 
is 
the 
Serial 
Data 
Output 
pin. 
The 
ADC160711AOCl64 71's 
conversion 
data 
is 


shifted out from this pin synchronous to the 
SCO signal. See the Serial Interface 
section 
for details. 


• 


Pin Description 
(Continued) 


FSO 
This is the Frame Sync Output pin. FSO is used 
to 
synchronize 
an 
external 
device 
to 
the 
ADC16071/ADC16471's 
32 
SCO cycle 
data 
transmission frame. The format of the signal on 
FSO depends on the logic level applied to the 
SFMT pin. See the Serial 
Interface 
section for 
details. 


TSI 
This is the Time Slot Input pin. TSI can be used 
to allow two ADC16071/ADC16471's to share a 
single serial data line. The logic level applied to 
TSI controls the active state of the ADC16071/ 
ADC16471's DOE pin. See the Serial Interface 
and the Two 
Channel 
Multiplexed 
Operation 
sections for details. 


DOE 
This is the Data Output Enable pin. DOE is used 
to control SDO's TRI-STATE output buffer. The 
active state of DOE is controlled by the logic lev- 
el applied to the TSI pin. See the Serial 
Inter- 
face and the Two 
Channel 
Multiplexed 
Opera- 
tion sections for details. 
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TYPICAL 
PERFORMANCE 
RESULTS 


Figure 6 shows a 16k point FFT plot of the baseband output 
spectrum during conversion of a 24 kHz input signal. 


CLOCK 
GENERATION 
The ADC16071/ADC16471 requires a sampling-clock sig- 
nal that is free of ringing (over/undershoot of no more than 
100 mVpop) and has a rise and fall time in the range of 3 ns- 
10 ns. We have tested and recommended crystal clock os- 
cillators 
from 
Ecliptek 
(EC1100 series) 
and 
SaRonix 
(NCH060 and NCH080 series). Both of these families use 
HCMOS logic circuitry for very fast rise and fall times. 


SINAD = 
77.11 
dB 


THD = -97.38 
dB 


VA+=SV 
Vo. = 5V 


VIN = 0.90 
Vrms 
(-5.86 
dBFS) 


fiN = H 
kHz 
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Overshoot and ringing can be reduced by adding a series 
damping resistor between the crystal oscillator's output (pin 
8) and the ADC16071IADC16471 
's ClK (pin 12), as shown 


in Figure 
7. The actual resistor value is dependent on the 


board layout and trace length that connects the oscillator or 
ClK source to the ADC. A typical starting value is 50n with 
a range of 27n to 150n. 


TUHI11454-23 
FIGURE 7. Damping Resistor Reduces 
Clock Signal Overshoot 


SERIAL INTERFACE 
The ADC16071 and the ADC16471 have three serial inter- 
face output pins: Serial Data Output (SDO), Frame Sync 
Output (FSO), and Serial Clock Output (SCO). SCO has a 
frequency of fCLK/4. Each of the ADC16071IADC16471 
's 


16-bit conversions is transmitted within the first half of the 
data transmission 
frame. A data transmission frame is 32 


sea cycles in duration. Two's complement data shifts out 
on the SDO pin beginning with bit 15 (MSB) and ending with 
bit 0 (lSB), taking 16 SCO cycles. SDO then shifts out 
zeroes for the next 16 SCO cycles to maintain compatibility 
with two channel multiplexed operation. 
The serial data that is shifted out of the SDO pin is synchro- 
nous with sea. Depending on the logic level applied to the 
Serial Format pin (SFMT), the data on the SDO pin is valid 
on either the falling or rising edge of SCO. If a logic low is 
applied to SFMT, then the data on SDO is valid on the fail- 
ing edge of SCO. If a logic High is applied to SFMT, then 
the data on SDO is valid on the rising edge of SCO. See 
Figure 2. 
The FSO signal is used to synchronize other devices to the 
ADC16071IADC16471 
's data transmission frame. Depend- 


ing on the logic level applied to SFMT, the signal on FSO is 
either a short pulse (approximately one SCO cycle in dura- 
tion) ending just before the transmission of bit 15 on SDO, 
or a square wave with a period of 32 SCO cycles going low 
just before the transmission of bit 15 and going high just 
after the transmission of bit O. If a logic low is applied to 
SFMT, FSO will be high for approximately one SCO cycle 
and fall low just before the transmission of bit 15 and stay 
low for the remainder of the transmission frame. If a logic 
High is applied to SFMT, FSO will be low during the trans- 
mission of bits 15-0 and high during the next 16 SCO cy- 
cles. See Figure 
3. 
The Frame Sync 
Input (FSI), is used to synchronize the 


ADC16071IADC16471's conversions to an external source. 
The logic state of FSI is captured by the ADC160711 
ADC16471 on the falling edge of CLK. If an FS! low to high 
transition is sensed between adjacent CLK falling edges, 
the ADC16071/ADC16471 
will interrupt its current data 


transmission frame and begin a new one. See Figure 
4. 


Due to the data latency of the ADC16071IADC16471's digi- 
tal filters, the first 31 conversions following a frame sync 
input signal will represent inaccurate data, unless the frame 
syncs are applied at constant 32 sea cycle intervals. If no 
FSI signal is applied (FSI is kept High or Low), the 
ADC16071/ADC16471 will internally create a frame sync 
every 32 SCO cycles. 
The Data Output Enable pin (DOE), is used to enable and 
disable the output of data on SDO. When DOE is deactivat- 
ed, SDO stops driving the serial data line by entering a high 
impedance TRI-STATE. DOE's active state matches the 
logic level applied to the Time Slot Input pin (TSI). If a logic 
Low is applied to TSI, the ADC160711 ADC16471's SDO pin 
will shift out data when DOE is Low, and be in a high imped- 
ance TRI-STATE when DOE is High. If a logic High is ap- 
plied to TSI, SDO will shift out data when DOE is High, and 
be in a high impedance TRI-STATE when DOE is Low. 


TWO CHANNEL MULTIPLEXED OPERATION 
Two ADC16071/ADC16471's can easily be configured to 
share a single serial data line and operate in a "stereo", or 
two channel multiplexed mode. They share the serial data 
bus by alternating transmission of conversion data on their 
respective SDO pins. One of the ADC16071/ADC16471's, 
the Master, shifts its conversion data out of SDO during the 
first 16 SCO cycles of the data transmission frame. The 
other ADC16071/ADC16471, the Slave, shifts its data out 
during the second 16 sea cycles of the data transmission 
frame. 
The Slave is selected by applying a logic High to its TSI pin 
and a logic High to its SFMT pin. The Master is chosen by 
applying a logic Low to its TSI pin and a logic High to its 
SFMT pin. As shown in Figure 8, the Master's FSO is used 
to control the DOE of both the Master and the Slave as well 
as to synchronize the two ADC16071/ADC16471's by driv- 
ing the Slave's Frame Sync Input pin, FSt. As the Master 
finishes transmitting its 16 bits of conversion data, its FSO 
goes High. This triggers the Slave's FSI, causing the Slave 
to begin transmitting its 16 bits of conversion data. 


The Master's DOE is active Low and the Slave's DOE is 
active High. Since the same signal, the Master's FSO, is 
connected to both of the converters' DOE pins, one con- 
verter will shift out data on its SDO pin while the other is in 
TRI-STATE, allowing the two ADC16071/ADC16471's 
to 


share the same serial data transmission line. 


POWER SUPPLY AND GROUNDING 
The ADC16071/ADC16471 has on-chip 50 pF bypass ca- 
pacitors between the supply-pin bonding pads and their cor· 
responding grounds. There are 24 of these capacitors, 6 for 
the analog section and 18 for the digital, resulting in a total 
value of 1200 pF. They help control ringing on the on-chip 
power supply busses, especially in the digital section. Fur· 
ther, they help enhance the baseband noise performance of 
the analog modulator. 
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Best converter performance is achieved when these inter- 
nal bypass capacitors are supplemented with additional ex- 
ternal power-supply decoupling capacitors. This ensures the 
lowest ac-bypass impedance path for the ADC16071/ 
ADC16471's dynamic current requirements. Each of the 
ADC16071/ADC16471's four supply pins should be individ- 
ually bypassed, using a parallel combination of 10 ,...F(tan- 
talum) and 0.1 ,...F(monolithic ceramic), to its corresponding 
ground pin: 


VA+ 
(Pin21) 
-+ AGND (Pin 4) 


VM+ 
(Pin 20) -+ MGND (Pin 5) 


Vo+ 
(Pin 19) -+ DGND (Pin 6) 


Vo+ 
(Pin 18) -+ DGND (Pin 7) 


Short lead lengths are mandatory. Therefore, surface mount 
capacitors are strongly 
recommended. 


POWER 
SUPPLY 
VOLTAGES 
FOR BEST 


PERFORMANCE 
While adequate performance will be achieved by operating 
the ADC16071/ADC16471 with +5V 
connected to VA+, 
VM + 
and Vo +, 
dynamic performance, as measured by 


S/(N + D), can be further enhanced by slightly raising the 
analog supply voltage and lowering the digital supply volt- 
age. 


ANALOG 
INPUT 


The ADC16071 and the ADC16471 generate a two's com- 
plement output determined by the following equation: 


O 
C 
(VIN + 
- 
VIN -) 
(32768) 
utput 
ode = -'--''-'---''"'---'-'---~ 


(VREF+ 
- 
VREF-) 


Round off to the nearest integer value between - 32768 
and 32767. 
The signals applied to VIN+ 
and VIN- 
must be between 


VA+ and analog ground. For accurate conversions, the ab- 
solute difference between VIN+ 
and VIN- 
should be less 
than the difference between VREF+ 
and VREF-. 
Best har- 


monic performance will result when a differential voltage is 
applied to VIN+ and VIN- 
that has a common mode voltage 


at or below VMIO. 
Due to overloading in the ADC16071/ADC16471's b.:l mod- 
ulator, performance degrades considerably as the input am- 
plitude approaches full scale. With an input that peaks-at 
-2 
dB from full scale, S/(N + D) is about 2 dB worse than 


with a -6 
dB input. With a -1 
dB input, S/(N + D) can be 


10 dB worse than with a -6 
dB input. 
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ANALOG 
SIGNAL 
CONDITIONING 


The 
ADC16071/ADC16471's 
digital 
comb 
and 
FIR 
filter 


combine 
to create 
the band-limiting 
anti-aliasing 
filter, 
gen- 
erating 
a steep 
cutoff 
at the 
upper 
range 
of the 
sampled 


baseband. 
Additional 
external 
filtering 
is needed 
to ensure 


that 
the 
best 
conversion 
performance 
is maintained. 
The 


external 
filtering 
uses 
a simple 
R-C lowpass 
filter. 
A sug- 


gested 
circuit is shown in Figure 9. The values of R1' R2' C1, 
C2, and C3 are found 
using the following 
equation: 


1 
fC(-3dB) 
= 61TRC 


where 
R = R1 = R2 and C = C1 = C2 = C3· 


The effects 
of the external 
filter are minimized 
by choosing 


a minimum 
cutoff 
frequency 
equal to fClK/32. 
As an exam- 


ple, for fClK equal to 6.144 MHz, set R1 = R2 = 82.50 
and 


C1 = C2 = Cs = 3300 
pF. This sets the input 
network's 


cutoff 
frequency 
at 194 kHz. For fClK equal to 24.576 
MHz, 
set R1 = R2 = 200 
and C1 = C2 = C3 = 3300 pF. This 


sets the input network's 
cutoff 
frequency 
at 803 kHz. 


RELATION 
BETWEEN 
CAPACITOR 
DIELECTRIC 
AND 


SIGNAL 
DISTORTION 


For 
any 
capacitors 
connected 
to 
the 
ADC160711 
ADC16471's 
analog 
inputs, the dielectric 
plays an important 


role in determining 
the amount 
of distortion 
generated 
in the 


input 
signal. 
The capacitors 
used 
must 
have 
low dielectric 


absorption. 
This requirement 
is fulfilled 
using capacitors 
that 


I 


C1 


VIN+ 


VIN- 
Po 


VA+ 


vt.e+ 


OGNO 
Vo+ 


OGNO 
Vo+ 


srMT 
TSI 


TMO 
DOE 


TMl 
rso 


rSI 
SOD 


JlIUlf 
ClK 
SCO 
I MHz < fCLK < 25 
MHz 
-= 
-= 


have film dielectrics. 
-Of these, 
polypropylene 
and 
pOlysty- 
rene are the best. These 
are followed 
by polycarbonate 
and 


mylar. If ceramic 
capacitors 
are chosen, 
use only capacitors 


with NPO dielectrics. 


INTERNAL 
DIFFERENTIAL 
BANDGAP 
REFERENCE 


A fully differential 
bandgap 
reference 
generates 
local feed- 


back voltages, 
VREF+ 
and VREF-. 
for the analog 
modula- 


tor. The outputs 
of this reference 
are trimmed 
to be equal to 


VMID plus or minus 1.25V. This gives a differential 
reference 
voltage 
of 2.5V which 
results 
in a ± 2.5V 
differential 
input 


range. 
The ADC16071 
does 
not have the internal 
differen- 


tial 
bandgap 
reference, 
allowing 
the 
user 
the 
flexibility 
to 


determine 
the full scale 
range 
by using an external 
voltage 


reference. 


EXTERNAL 
VOLTAGE 
REFERENCE 
FOR THE 
ADC16071 


Figure 
10 shows 
the suggested 
connection 
diagram 
for the 


ADC16071. 
The LM4041-ADJ 
is set to 2.0V and is applied 


to the ADC16071's 
VREF+ 
input. 


The reference 
voltage 
must be free of noise. This is accom- 


plished 
using the same capacitor 
combination 
used with the 


ADC16471's 
reference 
pins with the exception 
of VREF-, 


which 
is connected 
to analog 
ground. 


Figures 
11 and 
12 show the suggested 
circuits 
for ac-cou- 


pled applications. 


Suggested 
values: 


R, = R2 ~ 2On, 5%, metal film 
C, 
- 
C2 = ~ 
= 3300 
pF, 5%, 


polypropylene 


} To host processor 


·Parallel combination of 10 ",F tan~ 
talum and 8 0.1 JLF monolithic ca· 
ramie capacitors. 
FIGURE 
9. Typical 
Connection 
Diagram 
for the ADC16471 
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'Parallel 
combination 
01 10 "F 
tan· 


talum 
and a 0.1 "F 
monolithic 
ce- 


ramic capacitors. 


FIGURE 
10. Typical 
Connection 
Diagram 
for the ADC16071 


Suggested values: 
R, - 
R2 - 
2On, 5%, metal film 


C, 
- 
~ 
= C:! = 3300 
pF, 5%, 


polypropylene 


Suggested values: 
R, - 
R2 = 20n, 5%, metal lilm 


C, 
- 
C2 = C:! - 
3300 
pF, 5%, 
polypropylene 


• Parallel combination of 10 ~F tan- 
talum 
and a 0.1 "F 
monolithic 
ce- 


ramic capacitors. 


FIGURE 
11. Typical 
Connection 
Diagram 
for the ADC16471 
with AC-Coupled 
Inputs 
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Suggested 
values: 


R, 
- 
R2 - 
20n, 5%, metal film 


C, 
= C2 
- 
C:! - 
3300 
pF, 5%, 


polypropylene 


'Parallel 
combination 
of 10 "F 
tan· 
talum 
and a 0.1 "F 
monolithic 
ce- 


ramic capacitors. 


FIGURE 
12. Typical 
Connection 
Diagram 
for the ADC16071 
with AC-Coupled 
Inputs 
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OSPINTERFACES 


The ADC16071/ADC16471 
was designed 
to connect 
to popular 
DSPs without 
intervening 
"glue 
logic". 
Figures 
13, 14, and 
15 
show 
suggested 
connection 
schematics 
for the DSP56001, 
TMS320C3x, 
and the ADSP-2101 
families. 


fII 


TL/H/11454-21 
FIGURE 
15. Interface Connections 
between 
the ADC16071/ADC16471 
and the AnalogOevlces 
AOSP-2101 


LM131A/LM131, 
LM231A/LM231, 
LM331A/LM331 
Precision Voltage-to-Frequency 
Converters 


General Description 
The LM131/LM231 /LM331 family of vOltage-to-frequency 
converters are ideally suited for use in simple low-cost cir- 
cuits for analog-to-digital conversion. precision frequency- 
to-voltage conversion. long-term integration. linear frequen- 
cy modulation or demodulation. and many other fu"nctions. 
The output when used as a voltage"to-frequency converter 
is a pulse train at a frequency precisely proportional to the 
applied input voltage. Thus. it provides all the inherent ad- 
vantages 
of the 
voltage-to-frequency 
conversion tech- 
niques. and is easy to apply in all standard vOltage-to-fre- 
quency 
converter 
applications. 
Further, 
the 
LM131AI 


LM231A1LM331A attains a new high level of accuracy ver- 
sus temperature which could only be attained with expen- 
sive vOltage-to-frequency modules. Additionally the LM131 
is ideally suited for use in digital systems at low power sup- 
ply voltages and can provide low-cost analog-to-digital con- 
version in microprocessor-controlled systems. And. the fre- 
quency from a battery powered voltage-to-frequency con- 
verter can be easily channeled through a simple photoisola- 
tor to provide isolation against high common mode levels. 
The LM131/LM231/LM331 
utilizes a new temperature- 
compensated band-gap reference circuit. to provide excel- 
lent accuracy over the full operating temperature range, at 
power supplies as low as 4.0V. The precision timer circuit 


-Vs 


(OPTIONAL) 


OFFSET AOJUST 


has low bias currents without degrading the quick response 
necessary for 100 kHz voltage-to-frequency conversion. 
And the output is capable of driving 3 TIL loads. or a high 
voltage output up to 40V. yet is short-circuit-proof against 
Vcc· 


Features 
• 
Guaranteed linearity 0.01% max 
• 
Improved performance in existing voltage-to-frequency 
conversion applications 
• 
Split or single supply operation 
• 
Operates on single 5V supply 
• 
Pulse output compatible with all logic forms 


• 
Excellent temperature stability. ±50 ppml"C max 


• 
Low power dissipation. 15 mW typical at 5V 


• 
Wide dynamic range. 100 dB min at 10kHz 
full scale 


frequency 
• 
Wide range of full scale frequency. 1 Hz to 100 kHz 


• 
Low cost 


VlOGIC 


'OUT 
10kHz 
FUll-SCALE 


tOUT 
= ~.~.-.!- 


2.09 v 
RL R,e. 


·Use stable components 
with low temperature 
coefficients. 
See Typical Applications 
section. 


"O.1,.a.F or 1,.a.F.see 
"Principles 
of Operation." 


FIGURE 1. Simple 
Stand-Alone 
Voltage-to-Frequency 
Converter 
with 
±0.03% 
Typical 
Linearity 
(f = 10 Hz to 11 kHz) 


r- 
Absolute Maximum Ratings 
(Note 1) 
i: 
..•. 
Co) 
If MIlitary/Aerospace 
specified 
devices 
are required, 
please contact 
the 
National 
Semiconductor 
Sales Office/ 
..•. 
>- 
Distributors 
for availability 
and specifications. 
..... 


LM131A/LM131 
LM231A1LM231 
LM331A1LM331 
r-i: 
Supply Voltage 
40V 
40V 
40V 
..•. 
Co) 
Output Short Circuit to Ground 
Continuous 
Continuous 
Continuous 
..•. 


Output Short Circuit to VCC 
Continuous 
Continuous 
Continuous 
.... 
r- 
Input Voltage 
-0.2Vto 
+Vs 
-0.2Vto 
+Vs 
-0.2Vto 
+Vs 
i: 


TMIN 
TMAX 
TMIN 
TMAX 
TMIN 
TMAX 
N 
Co) 
Operating Ambient Temperature Range 
- 55·C to + 125·C 
- 25·C to + 85·C 
O·Cto +70·C 
..•. 
>- 


Power Dissipation (Po at 25·C) 
.... 
r- 
and Thermal Resistance (9jAl 
i: 
(H Package) Po 
670mW 
N 
Co) 
9iA 
150·C/W 
..•. 
..... 
(N Package) Po 
1.25W 
1.25W 
r- 
9jA 
100·C/W 
100·C/W 
i: 
Co) 
(M Package)Po 
1.25W 
Co) 


9JA 
85·C/W 
..•. 
>- 
Lead Temperature (Soldering, 10 sec.) 
.... 
r- 
Dual-In-Line Package (Plastic) 
260·C 
260·C 
260"C 
i: 
Metal Can Package (T0-5) 
260·C 
Co) 
Co) 
ESD Susceptibility (Note 4) 
..•. 


Metal Can Package (TO-5) 
2000V 


Other Packages 
500V 
500V 


Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


VFC Non-Linearity (Note 3) 
4.5V ~ Vs ~ 20V 
±0.003 
±0.01 
% Full- 
Scale 


TMIN ~ TA ~ TMAX 
±0.006 
±0.02 
% Full- 
Scale 


VFC Non-Linearity 
Vs = 15V,f = 10 Hzto 11 kHz 
±0.024 
±0.14 
%Full- 
In Circuit of Figure 
1 
Scale 


Conversion Accuracy Scale Factor (Gain) 
VIN = -10V, Rs = 14 kO 
LM131, LM131A, LM231, LM231A 
0.95 
1.00 
1.05 
kHzlV 
LM331, LM331A 
0.90 
1.00 
1.10 
kHzlV 


Temperature Stability of Gain 


•••d·, 
TMIN~ TA ~ TMAX,4.5V ~ Vs ~ 20V 


LM131/LM231/LM331 
±30 
±150 
ppml"C 
LM131A1LM231AlLM331 A 
±20 
±50 
ppml"C 


Change of Gain with Vs 
4.5V~Vs ~ 10V 
0.01 
0.1 
%/V 
10V~Vs~40V 
0.006 
0.06 
%/V 


Rated Full-Scale Frequency 
VIN = -10V 
10.0 
kHz 


Gain Stability vs Time 
TMIN ~ TA ~ TMAX 
±0.02 
% Full- 
(1000 Hrs) 
Scale 


Overrange (Beyond Full-Scale) Frequency 
VIN = -11V 
10 
% • 


Offset Voltage 
±3 
±10 
mV 
LM131/LM231/LM331 
TMIN ~ TA ~ TMAX 
±4 
±14 
mV 
LM131A1LM231A1LM331A 
TMIN ~ TA ~ TMAX 
±3 
±10 
mV 


Bias Current 
-80 
-300 
nA 


Offset Current 
±8 
±100 
nA 


Common-Mode Range 
TMIN~ TA ~ TMAX 
-0.2 
Vcc-2.O 
V 


Parameter 
Condition. 
I 
Mln 
Typ 
I 
Max 
Unit. 


TIMER 


Timer Threshold 
Voltage, 
Pin 5 


L 
0.63 
0.667 
0.70 
x Vs 


Input Bias Current, 
Pin 5 
Vs = 
15V 
All Devices 
OV~VPIN5 
~ 9.9V 
±10 
±100 
nA 
LM131 /LM231 
/LM331 
VPIN5 = 
10V 
200 
1000 
nA 
LM131A1LM231A1LM331A 
VPIN5 = 
10V 
200 
500 
nA 


VSAT PIN 5 (Reset) 
1= 
5mA 
, 
0.22 
0.5 
V 


CURRENT 
SOURCE 
(Pin 1) 


Output 
Current 
Rs= 
14 kO, VPIN 1=0 
LM131, 
LM131A, 
LM231. 
LM231A 
126 
135 
144 
/LA 
LM331 , LM331A 
116 
136 
156 
/LA 


Change 
with Voltage 
OV~VPIN 
1~ 10V 
0.2 
1.0 
/LA 


Current 
Source 
OFF Leakage 
LM131, 
LM131A 
0.01 
1.0 
nA 
LM231 , LM231A, 
LM331 , LM331A 
0.02 
10.0 
nA 
All Devices 
TA=h4AX 
2.0 
50.0 
nA 


Operating 
Range of Current 
(Typical) 
(10 to 500) 
/LA 


REFERENCE 
VOLTAGE 
(Pin 2) 


LM131, 
LM131A, 
LM231. 
LM231A 
- 
1.76 
1.89 
2.02 
Voc 
LM331 , LM331A 
1.70 
1.89 
2.08 
Voc 


Stability 
vs Temperature 
±60 
ppmi"C 


Stability 
vs Time. 1000 Hours 
±0.1 
% 


LOGIC 
OUTPUT 
(Pin 3) 


VSAT 
1=5mA 
0.15 
0.50 
V 
1=3.2 
mA (2 TIL 
Loads). TMIN~TA~TMAX 
0.10 
0.40 
V 
OFF Leakage 
±0.05 
1.0 
/LA 


SUPPLY 
CURRENT 
" 
,. 
. 


LM131, 
LM131A. 
LM231 , 
Vs=5V 
2.0 
3.0 
4.0 
mA 
LM231A 
VS=40V 
2.5 
4.0 
6.0 
mA 
LM331, 
LM331A 
Vs=5V 
1.5 
3.0 
6.0 
mA 
Vs=40V 
2.0 
4.0 
8.0 
mA 


NOI. 
1: Absolute Maximum Ratings indicale limits beyond which damage 10the device may occur. DC and AC electrical specifications 
do nol apply when operating 


Ihe device beyond ils specified operating 
conditions. 


Nol. 
2: All specifications 
apply in the circuit of Figure 3. with 4.0V,;;Vs,;;40V. 
unless otherwise 
noted. 


Not. 
3: Nonlinearity 
is defined as the deviation off OUT from VIN X (10 kHz/-l0 
Vocl when the circuil has been trimmed for zero error al10 
Hz and at 10 kHz. 
over Ihe frequency 
range 1 Hz to 11 kHz. For lhe liming capacilor. 
CT. use NPO ceremic. Teflon •• or polystyrene. 


Not. 
4: Human body model. 100 pF discharged 
Ihrough a 1.5 kG resistor. 
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Typical Performance Characteristics 
(All electrical characteristics apply for the circuit of Figure 3, unless otherwise noted.) 


Nonlinearity Error, LM131 
Family, as Preclalon V-to-F 
Converter (Figure 3) 
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100 kHz Nonlinearity Error, 
LM131 Family (Figure 4) 
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Nonlinearity Error, LM131 
(Figure 1) 
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F-to-V Converter (Figure 6) 
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Typical Applications 
(Continued) 


PRINCIPLES 
OF OPERATION 
OF A SIMPLIFIED 
VOLTAGE-T~FREQUENCYCONVERTER 
The LM131 is a monolithic circuit designed for accuracy and 
versatile operation when applied as a voltage-to-frequency 
(V-to-F) converter or as a frequency-to-voltage (F-to-V) con- 
verter. A simplified block diagram of the LM131 is shown in 
Figure 2 and consists of a switched current source, input 
comparator, and 1-shot timer. 
The operation of these blocks is best understood by going 
through the operating cycle of the basic V-to-F converter, 
Figure 2, which consists of the simplified block diagram of 
the LM131 and the various resistors and capacitors con- 
nected to it. 


The voltage comparator compares a positive input voltage, 
V1, at pin 7 to the voltage, Vx, at pin 6. If V1 is greater, the 
comparator will trigger the 1-shot timer. The output of the 
timer will turn ON both the frequency output transistor and 
the switched current source for a period t = 1.1 RtCt. During 
this period, the current i will flow out of the switched current 
source and provide a fixed amount of charge, a = i X t, into 
the capacitor, CL.This will normally charge Vx up to a higher 
level than V1. At the end of the timing period, the current i 
will turn OFF, and the timer will reset itself. 


Now there is no current flowing from pin 1, and the capaci- 
tor CL will be gradually discharged by RL until Vx falls to the 
level of V1. Then the comparator will trigger the timer and 
start another cycle. 


The current flowing into CL is exactly lAVE= i x (1.1XRtCt) 
x f, and the current flowing out of CL is exactly Vx/RL "" 
VIN/RL. If VIN is doubled, the frequency will double to main- 
tain this balance. Even a simple V-to-F converter can pro- 
vide a frequency precisely proportional to its input voltage 
over a wide range of frequencies. 


TLIH/5680-4 


FIGURE 
2. Simplified 
Block Diagram 
of Stand-Alone 
Voltage-ta-Frequency 
Converter 
Showing 
LM131 and 
External 
Components 


DETAIL 
OF OPERATION, 
FUNCTIONAL 
BLOCK 
DIAGRAM 
(FIGURE 
la) 
The block diagram shows a band gap reference which pro- 
vides a stable 1.9 Voc output. This 1.9 Voc is well regUlated 
over a Vs range of 3.9V to 40V. It also has a flat, low tem- 
perature coefficient, and typically changes less than %% 
over a 10o-C temperature change. 


The current pump circuit forces the voltage at pin 2 to be at 
1.9V, and causes a current i=1.90V/Rs 
to flow. For 


Rs= 14k, i= 135 pA The precision current reflector pro- 
vides a current equal to i to the current switch. The current 
switch switches the current to pin 1 or to ground depending 
on the state of the RS flip-flop. 


The timing function consists of an Rs flip-flop, and a timer 
comparator connected to the external RtCt network. When 
the input comparator detects a voltage at pin 7 higher than 
pin 6, it sets the Rs flip-flop which turns ON the cutrent 
switch and the output driver transistor. When the voltage at 
pin 5 rises to % Vcc, the timer comparator causes the Rs 
flip-flop to reset. The reset transistor is then turned ON and 
the current switch is turned OFF. 


However, if the input comparator still detects pin 7 higher 
than pin 6 when pin 5 crosses % VCC,the flip-flop will not 
be reset, and the current at pin 1 will continue to flow, in its 
attempt to make the voltage at pin 6 higher than pin 7. This 
condition will usually apply under start-up conditions or in 
the case of an overload voltage at signal input. It should be 
noted that during this sort of overload, the output frequency 
will be 0; as soon as the signal is restored to the working 
range, the output frequency will be resumed. 
The output driver transistor acts to saturate pin 3 with an 
ON resistance of about 500. In case of overvoltage, the 
output current is actively limited to less than 50 mA. 
The voltage at pin 2 is regulated at 1.90Voc for all values of 
i between 10 p.A to 500 p.A. It can be used as a voltage 
reference for other components, but care must be taken to 
ensure that current is not taken from it which could reduce 
the accuracy of the converter. 


PRINCIPLES 
OF OPERATION 
OF BASIC VOLTAGE- 
T~FREQUENCY CONVERTER 
(FIGURE 
1) 
The simple stand-alone V-to-F converter shown in Figure 
1 


includes all the basic circuitry of Figure 2 plus a few compo- 
nents for improved performance. 
A resistor, RIN= 100 kO± 10%, has been added in the path 
to pin 7, so that the bias current at pin 7 (-80 
nA typical) 


will cancel the effect of the bias current at pin 6 and help 
provide minimum frequency offset. 


The resistance Rs at pin 2 is made up of a 12 kO fixed 
resistor plus a 5 kO (cermet, preferably) gain adjust rheo- 
stat. The function of this adjustment is to trim out the gain 
tolerance of the LM131, and the tolerance of Rt, RL and Ct. 


- - 
-".- - 
- --. ---_. -- ..----- 


sistors. The capacitor should have low dielectric absorption; 
depending on the temperature characteristics desired. NPO 
ceramic. polystyrene. Teflon or polypropylene are best 
suited. 


A capacitor CIN is added from pin 7 to ground to act as a 
filter for VIN.A value of 0.Q1,...Fto 0.1 ,...Fwill be adequate in 
most cases; however, in cases where better filtering is re- 
quired, a 1 ,...Fcapacitor can be used. When the RC time 
constants are matched at pin 6 and pin 7. a voltage step at 
VIN will cause a step change in fOUT. If CIN is much less 
than CL. a step at VIN may cause fOUTto stop momentarily. 
A 470 resistor, in series with the 1 ,...FCL, is added to give 
hysteresis effect which helps the input comparator provide 
the excellent linearity (0.03% typical). 


DETAIL 
OF OPERATION 
OF PRECISION 
V-To-F 
CONVERTER 
(FIGURE 
3) 
In this circuit, integration is performed by using a conven- 
tional operational amplifier and feedback capacitor, CF. 
When the integrator's output crosses the nominal threshold 
level at pin 6 of the LM131, the timing cycle is initiated. 


VIN 
-10V 
FULL SCALE 


Vs 
-Vs 
OPTIONAL 
OFFSET 
AIIlUST 
lOUD 
1M 


-VIN/RIN. 
In this circuit, the voltage offset of the LM131 
input comparator does not affect the offset or accuracy of 
the V-to-F converter as it does in the stand-alone V-to-F 
converter; nor does the LM131 bias current or offset cur- 
rent. Instead, the offset voltage and offset current of the 
operational amplifier are the only limits on how small the 
signal can be accurately converted. Since op amps with 
voltage offset well below 1 mV and offset currents well be- 
low 2 nA are available at low cost, tflis circuit is recommend- 
ed for best accuracy for small signals. This circuit also re- 
sponds immediately to any change of input signal (which a 
stand-alone circuit does not) so that the output frequency 
will be an accurate representation of VIN, as quickly as 2 
output pulses' spacing can be measured. 
In the precision mode, excellent linearity is obtained be- 
cause the current source (pin 1) is always at ground poten- 
tial and that voltage does not vary with VIN or fOUT.(In the 
stand-alone V-to-F converter, a major cause of non-linearity 
is the output impedance at pin 1 which causes i to change 
as a function of VIN). 
The circuit of Figure 4 operates in the same way as Figure 3, 
but with the necessary changes for high speed operation. 


1_ 
VLOGIC 
:m. 
FULL-SCALE 


CF 
I.DOhF 
MYLAR 


·Use stable components 
with k>w temperature 
coefficients. 
See Typical Applications 
section. 


"This 
resistor can be 5 kn or 10 kn for VS-BV 
to 22V, but must be 10 kn for VS=4.5V 
to BV. 


"'Use 
low offset voltage and low offset current op amps lor A1: recommended 
types LM10B, LM30BA, LF411A 


DETAILS OF OPERATION, FREQUENCY-TO- 
VOLTAGE CONVERTERS (FIGURES 
5 AND 6) 
In these applications, a pulse input at fiN is differentiated by 
a CoR network and the negative-going edge at pin 6 causes 
the input comparator to trigger the timer circuit. Just as with 
a V-to-F converter, the average current flowing out of pin 1 
is IAVERAGE = i x (1.1 RtCt) x f. 
In the simple circuit of FIGURE 
5, this current is filtered in 


the network RL = 100 kfl and 1 !JoF.The ripple will be less 
than 10 mV peak, but the response will be slow, with a 


V,. 
-lav 


FULlICALE 


Va 
-Va 
onlONAL 
OFFSET 
AD.lUrr 
2GUGlIl 


0.1 second time constant, and settling of 0.7 second to 
0.1% accuracy. 
In the precision circuit, an operational amplifier provides a 
buffered output and also acts as a 2-pole filter. The ripple 
will be less than 5 mV peak for all frequencies above 1 kHz, 
and the response time will be much quicker than in Figure 5. 
However, for input frequencies below 200 Hz, this circuit will 
have worse ripple than Figure 5. The engineering of the filter 
time-constants to get adequate response and small enough 
ripple simply requires a study of the compromises to be 
made. Inherently, V-to-F converter response can be fast, 
but F-to-V response can not. 


1_ 
VlOGIC 


fOUT 
II1'HI 
FULLICAU 


• Use stable components 
with low temperature 
coefficients. 


See Typical Applications 
section. 


"This 
resistor can be 5 kO or 10 kO for vS~av to 22V. 


but must be 10 kO for VS~4.5V 
to av. 


"'Use 
low offset voltage and low offset current op amps for A1: 


recommended 
types LF411A or LF356. 


TL/H/5660-6 
FIGURE 4. Precision Voltage-to-Frequency 
Converter, 
100 kHz Full-Scale, ±0.03% Non-Linearity 
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VOUT ~ fiN x 2.09V x £!b x (A,Ct) 
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'Use 
stable 
components 
with low temperature 
coefficients. 


FIGURE 5. Simple Frequency-to-Voltage 
Converter, 
10 kHz Full-Scale, ± 0.06% Non-Linearity 
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• Use stable components 
with low temperature 
coefficients. 


FIGURE 8. Precision Frequency-to-Voltalle 
Converter, 


10 kHz Full-Scale wIth 2-Pole Filter, ±0.01% 
Non-Linearity Maximum 
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TL/H/5680-13 
Remote VOltage-to-Frequency 
Converter with 2-Wlre Transmitter and Receiver 
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Metal Can Package 


VI 


Not.: Metal case is connected 
to pin 4 (GIIID.) 


Order 
Number 
LM131H1883 
or LM131AH/883 
See NS Package 
Number 
HOSC 


TlIH/5680-21 


Order 
Number 
LM231AN, 
LM231N, 
LM331AN, 


or LM331N 
See NS Package 
Number 
NOSE 


Current 
14 
HC 
Output 
Refer.nc. 
2 
13 
HC 
Current 


HC 
3 
12 
HC 
Frequency 
4 
11 
Ys 
Output 


GHD 
5 
10 
Comparator 
Input 


HC 
6 
9 
HC 


R/C 
7 
8 
Threshold 


TL/H/5680-24 


Top View 


Order 
Number 
LM231WM 
See NS Package 
Number 
M14B 


CURflEIIT 
1 
DUTPUT 
RfFELltfllCE 
2 
CURRfllT 
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Definition of Terms 
DIA Converters 


Differential 
Nonlinearity: 
Ideally, any two adjacent digital 


codes correspond to output analog voltages that are exactly 
one LSB apart. Differential non-linearity is a measure of the 
worst case deviation from the ideal 1 LSB step. For exam- 
ple, a DAC with a 1.5 LSB output change for a 1 LSB digital 
code change exhibits % LSB differential non-linearity. Dif- 
ferential non-linearity may be expressed in fractional bits or 
as a percentage of full scale. A differential non-linearity 
greater than 1 LSB will lead to a non-monotonic transfer 
function in a DAC. 


Gain Error 
(Full Scale 
Error): The difference between the 


output voltage (or current) with full scale input code and the 
ideal voltage (or current) that should exist with a full scale 
input code. 


Gain 
Temperature 
Coefficient 
(Full Scale 
Temperature 


Coefficient): 
Change in gain error divided by change in 


temperature. Usually expressed in parts per million per de- 
gree Celsius (ppm/'C). 


Integral 
Nonlinearity 
(Linearity 
Error): Worst case devia- 
tion from the line between the endpoints (zero and full 
scale). Can be expressed as a percentage of full scale or in 
fractions of an LSB. 


LSB (Least-Significant 
Bit): In a binary coded system this 


is the bit that carries the smallest value or weight. Its value 
is the full scale voltage (or current) divided by 2", where n is 
the resolution of the converter. 


Monotonlclty: 
A monotonic function has a slope whose 


sign does not ~hange. A monotonic DAC has an output that 
changes in the same direction (or remains constant) for 
each increase in the input code. The converse is true for 
decreasing codes. 


MSB (Most 
Significant 
Bit): In a binary coded system this 
is the bit that has the largest value or weight. Its value is one 
half of full scale. 


Multiplying 
DAC: In a sense, every DAC is a multiplying 
DAC since the output voltage (or current) is equal to the 
reference voltage times a constant determined by the digital 
input code divided by 2" (n is the number of bits of resolu- 
tion). In a two quadrant multiplying DAC the reference volt- 
age or the digital input code can change the output voltage 
polarity. If both the reference voltage and the digital code 
change the output voltage polarity, four quadrant multiplica- 
tion exists. 


Offset 
Error 
(Zero 
Error): 
The output voltage that exists 


when the input digital code is set to give an ideal output of 
zero volts. All the digital codes in the transfer curve are 
offset by the same value. Offset error is usually expressed 
in LSBs. 


Power 
Supply 
Rejection 
(Power 
Supply 
Sensitivity): 
The 
sensitivity of a converter to changes in the de power supply 
voltages. 


Resolution: 
The smallest analog increment corresponding 


to a 1 LSB converter code change. For converters, resolu- 
tion is normally expressed in bits, where the number of ana- 
log levels is equal to 2". 


Settling 
Time: The time from a change in input code until a 
DAC's output signal remains within ±% LSB (or some other 
specified tolerance) of the final value. 


&I 
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01A Converter Selection Guide 


Part 
Resolution 
Linearity 
Settling 
Supplies 
Temperature 


No. 
(Bits) 


@2SoC 
Time 
(V) 
Range' 
Package 
Comments 


% (Max) 
(+Yz LSB) 
M 
I 
C 


ADC0852 
8 
0.19 
5 
• 
• 
8·Pin DIP 
DAC, Comparator, 


.. 
Serial Input 


ADC0854 
8 
0.19 
5 
• 
• 
14·Pin DIP 
DAC, Comparator, 
Serial Input 


DAC0800 
8 
0.19 
100 ns 
±5to 
±15 
• 
1S·Pin DIP 
High-Speed 


1S·PinS.0. 
Multiplying 


DAC0801 
8 
0.39 
100 ns 
±5to 
±15 
• 
1S·PinDIP 
High·Speed 


1S·PinS.0. 
Multiplying 


DAC0802 
8 
0.10 
100 ns 
±5to 
±15 
• 
1S-Pin DIP 
High-Speed 


1S-Pin S.O. 
Multiplying 


DAC080S 
8 
0.78 
150ns 
±5to 
±15 
• 
1S·Pin DIP 
Multiplying 
1S·Pin S.O. 


DAC0807 
8 
0.39 
150 ns 
±5to 
±15 
• 
1S·Pin DIP 
Multiplying 
16·PinS.0. 
. 


DAC0808 
8 
0.19 
150 ns 
±5to 
±15 
• 
1S·Pin DIP 
Multiplying 
1S-PinS.0. 


20·Pin DIP 
/-,P Compatible 
DAC0830 
8 
0.05 
1/-'s 
5to 
15 
• 
• 
20·PinS.0. 
4·Quadrant 


20·Pin PCC 
Multiplying 


/-,P Compatible 
DAC0831 
8 
0.10 
1/-'s 
5to 
15 
• 
20·Pin DIP 
4-Quadrant 
Multiplying 


20-Pin DIP 
/-,P Compatible 
DAC0832 
8 
0.20 
1 /-'S 
5to 
15 
• 
• 
20·PinS.0. 
4·Quadrant 


20·Pin PCC 
Multiplying 


20·Pin DIP 
Quad Serial 
DAC0854 
8 
0.19 
2.7/-'s 
5 
• 
• 
20·PinS.0. 
DACwith 
Readback 


DAC0890 
8 
0.19 
2.7 /-,S 
5to 
15 
• 
20·Pin DIP 
Dual Voltage 
OutputDAC 


DAC1001 
10 
0.1 
500 ns 
5to 
15 
• 
24·PinDIP 
/-,P Compatible 
Double 
Buffered 


DAC1002 
10 
0.2 
500 ns 
5to 
15 
• 
24·Pin DIP 
/-,P Compatible 
Double 
Buffered 


DAC100S 
10 
0.05 
500 ns 
5to 
15 
• 
20·Pin DIP 
/-,P Compatible 
Double 
Buffered 


DAC1007 
10 
0.1 
500 ns 
5to 
15 
• 
20-Pin DIP 
/-,P Compatible 
Double 
Buffered 


DAC1008 
10 
0.2 
500 ns 
5to 
15 
• 
• 
20-Pin DIP 
/-,P Compatible 
Double 
Buffered 


Part 
Resolution 
Unearlty 
Settling 
Supplies 
Temperature 


No. 
(Bits) 
@25"C 
Time 
(V) 
Range" 
Package 
Comments 
% (Max) 
(+y'LSB) 
M 
I 
C 


DAC1020 
10 
0.05 
500 ns 
5 to 15 
• 
• 
16-PinDIP 
4-Quadrant 
MUltiplying 


DAC1021 
10 
0.1 
500 ns 
5 to 15 
• 
• 
16-Pin DIP 
4-Quadrant 
MUltiplying 


DAC1022 
10 
0.2 
500 ns 
5to 
15 
• 
• 
16-Pin DIP 
4-Quadrant 
Multiplying 


DAC1054 
10 
0.02 
3.7,...s 
5 
• 
• 
24-Pin DIP 
Quad Serial DAC 


24-PinSO 
with Readback 


,...pCompatible 
DAC1206 
12 
0.016 
1 ,...s 
5 to 15 
• 
• 
24-Pin DIP 
4-Quadrant 
Multiplying 


,...PCompatible 
DAC1209 
12 
0.024 
1,...s 
5to 
15 
• 
• 
24-PinDIP 
4-Quadrant 
Multiplying 


,...PCompatible 
DAC1210 
12 
0.05 
1,...s 
5to 
15 
• 
• 
24-Pin DIP 
4-Quadrant 


:( 
Multiplying 
. 
4-Quadrant 
DAC1216 
12 
0.012 
1,...s 
5 to 15 
• 
• 
16-Pin DIP 
Multiplying 
- 


DAC1219 
12 
0.024 
1,...s 
5to 
15 
• 
• 
16-Pin DIP 
4-Quadrant 
Multiplying 


DAC1220 
12 
0.05 
500 ns 
5to 
15 
• 
• 
16-Pin DIP 
4-Quadrant 
MUltiplying 


DAC1222 
12 
0.2 
500 ns 
5 to 15 
• 
• 
16-Pin DIP 
4-Quadrant 
Multiplying 


,...PCompatible 
DAC1230 
12 
0.016 
1 ,...s 
5 to 15 
• 
• 
20-Pin DIP 
4-Quadrant 
Multiplying 


,...PCompatible 
DAC1231 
12 
0.024 
1,...s 
5 to 15 
• 
• 
20-Pin DIP 
4-Quadrant 
Multiplying 


,...p Compatible 
DAC1232 
12 
0.05 
1,...s 
5to 
15 
• 
• 
20-Pin DIP 
4-Quadrant 
Multiplying • 
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DAC0800/DAC080 
1/DAC0802 
8-Bit Digital-to-Analog 
Converters 


General Description 
The DAC0800 series are monolithic 8-bit high-speed cur- 
rent-output digital-to-analog converters (DAC)featuring typi- 
cal settling times of 100 ns. When used as a mUltiplying 
DAC, monotonic performance over a 40 to 1 reference cur- 
rent range is possible. The DAC0800 series also features 
high compliance complementary current outputs to allow 
differential output voltages of 20 Vp-p with simple resistor 
loads as shown in Figure 
1.The reference-to-full-scale cur- 
rent matching of better than ± 1 LSB eliminates the need for 
full-scale trims in most applications while the nonlinearities 
of better than ± 0.1% over temperature minimizes system 
error accumulations. 
The noise immune inputs of the DAC0800 series will accept 
TTL levels with the logic threshold pin, VLC, grounded. 
Changing the VLCpotential will allow direct interface to oth- 
er logic families. The performance and characteristics of the 
device are essentially unchanged over the full ± 4.SV to 
± 18V power supply range; power dissipation is only 33 mW 
with ± SV supplies and is independent of the logic input 
states. 


DIGITAL 
INPUTS 


, MSB 
lS8 
81 82 13 84 85 86 87 81 


The 
DAC0800, DAC0802, DAC0800C, DAC0801C and 
DAC0802C are a direct replacement for the DAC-08, DAC- 
08A, DAC-08C, DAC-08E and DAC-08H, respectively. 


Features 
• 
Fast settling output current 
• 
Full scale error 
• 
Nonlinearity over temperature 
• 
Full scale current drift 
• 
High output compliance 
• 
Complementary current outputs 
• 
Interface directly with TTL, CMOS, PMOS and others 
• 
2 quadrant wide range multiplying capability 
• 
Wide power supply range 
± 4.SV to ± 18V 
• 
Low power consumption 
33 mW at ± SV 


• 
Low cost 


100 ns 
±1 LSB 
±0.1% 


±10 ppm/'C 
-10V 
to + 18V 


}".."..", 


FIGURE 1. ± 20 Vp_p Output Dlgltal-to-Analog 
Converter (Note 4) 


Ordering Information 


Non-linearity 
Tempera.ure 
Order Numbers 
Range 
J Package (J16A)· 
N Package (N16A)· 
SO Package (M16A) 


±0.1% FS 
O·C :s;TA :s;+70·C 
DAC0802LCJ 
DAC-08HQ 
DAC0802LCN 
DAC-08HP 
DAC0802LCM 
±0.19% FS 
-SS·C:s; TA:S; + 12S·C 
DAC0800LJ 
DAC-08Q 
±0.19% FS 
O·C:s;TA:S; +70·C 
DAC0800LCJ 
DAC-08EQ 
DAC0800LCN 
DAC-08EP 
DAC0800LCM 
±0.39% FS 
O·C:s;TA:S; +70·C 
DAC0801LCN 
DAC-08CP 
DAC0801LCM 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 


please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors 
for 
availability 
and 
specifications. 


Supply Voltage 
(V+ 
- 
V-) 
±18Vor 
36V 


Power Dissipation 
(Note 2) 
500 mW 


Reference 
Input Differential 
Voltage 


(V14 to V15) 
Reference 
Input Common-Mode 
Range 


(V14,V15) 
V-toV+ 
Reference 
Input Current 
5 mA 


Logic Inputs 
V- 
to V- 
plus 36V 


Analog 
Current 
Outputs 
(Vs - = -15V) 
4.25 mA 


ESD Susceptibility 
(Note 3) 
TBD V 


Storage 
Temperature 
- 65°C to + 150°C 


Lead Temp. 
(Soldering, 
10 seconds) 
Dual-in-Line 
Package 
(plastic) 
Dual-in-Line 
Package 
(ceramic) 
Surface 
Mount 
Package 
Vapor Phase (60 seconds) 
Infrared 
(15 seconds) 


2600C 
3000C 


215°C 
2200C 


Operating Conditions 
(Note 1) 


Mln 
Max 


Temperature 
(TAl 


DAC0800L 


DAC0800LC 


DAC0801LC 


DAC0802LC 


Electrical Characteristics 
The following 
specifications 
apply for Vs = 
TMAX unless otherwise 
specified. 
Output characteristics 
refer to both lOUT and lOUT. 


-55 
o 
o 
o 


+125 


+70 


+70 


+70 


DAC0802LC 
DAC0800LI 
DAC0801LC 
Symbol 
Parameter 
Conditions 
DAC0800LC 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Resolution 
8 
8 
8 
8 
8 
8 
8 
8 
8 
Bits 
Monotonicity 
8 
8 
8 
8 
8 
8 
8 
8 
8 
Bits 
Nonlinearity 
±0.1 
±0.19 
. 
±0.39 
%FS 


Is 
Settling Time 
To ± % LSB, All Bits Switched 
100 
135 
100 
150 
ns 


"ON" or "OFF", TA= 25°C 
DAC0800L 
100 
135 
ns 


DAC0800LC 
100 
150 
ns 


tPLH, 
Propagation Delay 
TA=25°C 


tPHL 
Each Bit 
35 
60 
35 
60 
35 
60 
ns 
All Bits Switched 
35 
60 
35 
60 
35 
60 
ns 


TCIFS 
Full Scale Tempco 
±10 
±50 
±10 
±50 
±10 
±80 
ppml"C 


Voc 
Output Voltage Compliance 
Full Scale Current Change 
-10 
18 
-10 
18 
-10 
18 
V 
<% LSB, ROUT> 20 Mfi Typ 


IFS4 
Full Scale Current 
VREF= 10.000V, R14=5.000 
kfi 
1.984 
1.992 
2.000 
1.94 
1.99 
2.04 
1.94 
1.99 
2.04 
mA 


R15=5.000 
kfi, TA=25°C 


IFSS 
Full Scale Symmetry 
IFS4-IFS2 
±0.5 
±4.0 
±1 
±8.0 
±2 
±16 
IJ.A 


Izs 
Zero Scale Current 
0.1 
1.0 
0.2 
2.0 
0.2 
4.0 
IJ.A 


IFSR 
Output Current Range 
V-= 
-5V 
0 
2.0 
2.1 
0 
2.0 
2.1 
0 
2.0 
2.1 
mA 


V-= 
-8Vto 
-18V 
0 
2.0 
4.2 
0 
2.0 
4.2 
0 
2.0 
4.2 
mA 


Logic Input Levels 


V'L 
Logic "0" 
VLC=OV 
0.8 
0.8 
0.8 
V 
VIH 
Logic "1" 
2.0 
2.0 
2.0 
V 


Logic Input Current 
VLC=OV 


IlL 
Logic "0" 
-10VS:VINS: 
+0.8V 
-2.0 
-10 
-2.0 
-10 
-2.0 
-10 
/LA 
IIH 
Logic "1" 
2VS:VINS:+18V 
0.002 
10 
0.002 
10 
0.002 
10 
/LA 


VIS 
Logic Input Swing 
V-= 
-15V 
-10 
18 
-10 
18 
-10 
18 
V 


VTHR 
Logic Threshold Range 
Vs=±15V 
-10 
13.5 
-10 
13.5 
-10 
13.5 
V 


115 
Reference Bias Current 
-. 
-1.0 
-3.0 
-1.0 
-3.0 
-1.0 
-3.0 
,.A 


dlldt 
Reference Input Slew Rate 
(Figure 12) 
4.0 
8.0 
4.0 
8.0 
4.0 
8.0 
mAl,.s 


PSSIFS+ 
Power Supply Sensitivity 
4.5VS:V+ 
S:18V 
0.0001 
0.01 
0.0001 
0.01 
0.0001 
0.01 
%/0/0 


PSSIFS- 
-4.5Vs:V-S:18V 
0.0001 
0.01 
0.0001 
0.01 
0.0001 
0.01 
%/% 


IREF=lmA 


Power Supply Current 
Vs= 
±5V, IREF= 1 mA 


1+ 
2.3 
3.8 
2.3 
3.8 
2.3 
3.8 
mA 
1- 
-4.3 
-5.8 
-4.3 
-5.8 
-4.3 
-5.8 
mA 


Vs=5V, 
-15V, 
IREF=2 mA 


1+ 
2.4 
3.8 
2.4 
3.8 
2.4 
3.8 
mA 
1- 
-6.4 
-7.8 
-6.4 
-7.8 
-6.4 
-7.8 
mA 


Vs= 
± 15V, IREF~2 mA 


1+ 
2.5 
3.8 
2.5 
3.8 
2.5 
3.8 
mA 
1- 
-6.5 
-7.8 
-6.5 
-7.8 
-6.5 
-7.8 
mA 
• 


Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for Vs 
= 
± 15V, IREF = 
2 mA and TMIN :s; TA :s; TMAX unless 
otherwise 
specified. 
Output 


characteristics 
refer to both 
lOUT and lOUT. 


DAC0802LC 
DAC0800LI 
DAC0801LC 
Symbol 
Parameter 
Conditions 
DAC0800LC 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


PD 
Power Dissipation 
±5V,IREF=1 
mA 
33 
4B 
33 
4B 
33 
4B 
mW 


5V,-15V, 
IREF=2 mA 
lOB 
136 
lOB 
136 
lOB 
136 
mW 
± 15V, IREF=2 mA 
135 
174 
135 
174 
135 
174 
mW 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond' its specified 
operating conditions. 
' 


Note 2: The maximum junction temperature 
of the DAC0800, DACOS01 and DAC0802 is 12S-C. For operating at elevated temperatures, 
devices in the Dual·ln-Une 
J package must be derated based on a Ihermal resistance of l00'C/W, 
junction-Ie-ambient, 
17S·C/W for the molded Dual-In-Une 
N package and l00'C/W 
for the 
Small Outline M package. 


Note 3: Human body model, 100 pF discharged 
through a 1.5 kn resistor. 


Note 4: Pin-out numbers for the DAC080X represent 
the Dual-In-Line 
package. The Small Outline package pin-out differs from the Dual-In-Une 
package. 


THRESHOLD 
1 


CONTROL, VlC 
• 


lOUT 


16 
88 LS8 


15 
87 


1. 
86 
13 
85 
12 
8. 


11 
83 


10 
82 


g 
81 MS8 


y+ 
1 


VRrr<+) 
2 


VRrr<-) 
3 


COMPENSATION 
• 


THRESHOLD CONTROL, VLC 
5 


lOUT 
6 
y- 
7 


loUT 
8 
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CURRENT 
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Common-Mode Range 
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1.1 


~ 
1.2 


~ 
D.I 
I 
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o 
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-2 
2 


Loglc'lnput 
Current 
vs Input Voltage 
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Note. 81-88 
have identical transfer characteris- 


tics. Bits are fully switched with less than Va LSB 
error, at less than ± 100 mV from actual thresh- 
old. These switching points are guaranteed 
to lie 


between 0.8 and 2V over the operating 
tempera- 


ture range (VLC - 
OV). 
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Equivalent Circuit 


MS4 
,. 
V· 
VIt 
II 
U 
II 
II 
II 
II 
" 
" 


1 
• 
• 
, 
• 
• 
11 
11 


I/Ia 


""AI 
.AtA 


_ 
+VAEF 
255 
'FS---x- 
AAEF 
256 


10 + 10 - 
IFS lor all 


logic states 


For fixed rel8f8nee. 
TIL operation, 


typical values are: 


VAEF = 10.000V 


AAEF = 5.0001< 


A15::: 
AAEF 


Cc = 0.01 ,.F 


VLC = OV (Ground) 


TUH/5686-5 
FIGURE 3. Basic Positive Reference Operation (Note 4) 
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FIGURE 4. Recommended Full Scale Adjustment Circuit 
(Note 4) 
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output (operation 
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10 (pin 4) to ground. 
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For complementary 
output (operation as a negative logic DAC) connect non-in· 
verting input of op am to 1Q(pin 2); connect 
10 (pin 4) to ground. 


FIGURE 10. Negative Low Impedance Output Operation (Note 4) 
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FIGURE 11. Interfacing with Various Logic Families 


(b) +VREF must be above peak positive swing of VIN 
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FIGURE 13. Accommodating 
Bipolar References (Note 4) 
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Nota. 
For 1 JLS conversion 
time with 8·bit resolution 
and 7-bit accuracy 
I an 
lM361 
comparator 
replaces 
the LM319 and the reference current is doubled 
by reducing Rl, 
R2 and R3 to 2.5 kfi and R4 to 2 Mfi. 
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OAC0808/0AC0807/0AC0806 
8-Bit 01A Converters 


General Description 
The DAC0808 series is an 8-bit monolithic digital-to-analog 
converter (DAC) featuring a full scale output current settling 
time of 150 ns while dissipating only 33 mW with ± 5V sup- 
plies. No reference current (IREF)trimming is required for 
most applications since the full scale output current is typi- 
cally ± 1 lSB of 255 IREFI 256. Relative accuracies of bet- 
ter than ±0.19% assure 8-bit monotonicity and linearity 
while zero level output current of less than 4 ",A provides 
8-bit zero accuracy for IREF:?:2mA. The power supply cur- 
rents of the DAC0808 series are independent of bit codes, 
and exhibits essentially constant device characteristics over 
the entire supply voltage range. 
The DAC0808 will interface directly with popular TIl, 
DTl 


or CMOS logic levels, and is a direct replacement for the 


MC1508/MC1408. 
For higher 
speed 
applications, 
see 


DAC0800 data sheet. 


Features 
• 
Relative accuracy: ± 0.19% error maximum (DAC0808) 


• 
Full scale current match: ± 1 lSB typ 
• 
7 and 6-bit accuracy available (DAC0807, DAC0806) 


• 
Fast settling time: 150 ns typ 
• 
Noninverting digital inputs are TIl 
and CMOS compati- 


ble 
• 
High speed multiplying input slew rate: 8 mAl ",S 
• 
Power supply voltage range: ± 4.5V to ± 18V 
• 
low power consumption: 33 mW @ ± 5V 


Order Number 
DAC0808, DAC0807, 
orDAC0806 
see NS Package 
Number J18A, 
M18Aor N18A 
., 


•• 
I 


TLlH/5e87 -2 


v" 
TL/H/5687-1 
Smail-Outline Package 


vcc 
1 
10 
AI 
LS8 


v•• , (0) 
IS 
A7 


vOf, (-) 
•• 
AI 


COWPENSATION 
13 
AS 


Nt (MOlt 2) 
12 •• 


eND 
11 
A3 


vEt 
1 ., 


10 
• 
1.1 
••sa 


TLlH/5e87-13 
Top View 


Ordering Information 


ACCURACY OPERATING TEMPERATURE 
RANGE 
ORDER NUMBERS 
J PACKAGE (J16A)* 
N PACKAGE N18A)* 
so PACKAGE M1tA 
DAC0808lCN 
MC1408P8 
DAC0808lCM 


DAC0807lCJ 
MC1408l7 
DAC0807lCN 
MC1408P7 
DAC0807lCM 


DAC0806lCJ 
MC1408l6 
DAC0806lCN 
MC1408P6 
DAC0806lCM 
O·C,,;TA";+ 75·C 
O·C,,;T ,,;+ 75·C 
• 


p ••••• 
conUIG1 
1ne 
n.,lunlit 
~mn.;;UIIUU""I"f 
~Iao 
Leao 
I emp. l~oloerlng, 
1 V seconos} 


Office/DIstributors 
for 
availability 
and specifications. 
Dual-In-Line 
Package 
(Plastic) 
260'C 


Power 
Supply 
Voltage 
Dual-In-Line 
Package 
(Ceramic) 
300'C 


Vcc 
+lBVoc 
Surface 
Mount 
Package 


VEE 
-lBVoc 
Vapor 
Phase (60 seconds) 
215'C 


Digital Input Voltage, 
V5- V12 
-10VOCto 
+lBVOC 
Infrared 
(15 seconds) 
220'C 


Applied 
Output Voltage, 
Vo 
-11 
Vocto 
+lBVoc 
Operating Ratings 
Reference 
Current, 
114 
5mA 


Reference 
Amplifier 
Inputs, V14, V15 
Vcc, VEE 
Temperature 
Range 
TMIN "TA" 
TMAX 


DACOBOBLC Series 
o "TA" 
+75'C 


Power Dissipation 
(Note 3) 
1000 mW 


ESD Susceptibility 
(Note 4) 
TBD 


Electrical Characteristics 
(vcc 
= 5V, VEE = 
-15 
Voc, VREF/R14 
= 2 mA, DACOBOB: TA = 
-55'Cto 
+ 125'C, 
DACOBOBC, DACOB07C, DACOB06C, TA 
= 
O"C to + 75'C, 
and all digital 
inputs 
at high logic level unless 
otherwise 
noted.) 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Er 
Relative 
Accuracy 
(Error Relative 
(Figure 4) 
% 


to Full Scale 
10) 
- 


DAC0808LC 
(LM140B-8) 
±O.19 
% 


DAC0807LC 
(LM1408-7), 
(Note 5) 
±0.39 
% 


DACOS06LC 
(LM140B-6), 
(Note 5) 
±0.78 
% 


Settling 
Time to Within % LSB 
TA = 25'C 
(Note 6), 
150 
ns 


(Includes 
tpLH) 
(FigureS) 


tpLH,1pHL 
Propagation 
Delay Time 
TA = 25'C, 
(Figure 5) 
30 
100 
ns 


TCIO 
Output 
Full Scale Current 
Drift 
±20 
ppm/'C 


MSB 
Digital Input Logic Levels 
(Figure 3) 


VIH 
High Level, Logic "1" 
2 
Voc 


VIL 
Low Level, Logic "0" 
O.B 
Voc 


MSB 
Digital Input Current 
(Figure 3) 
High Level 
VIH = 5V 
0 
0.040 
mA 


Low Level 
VIL = O.BV 
-0.003 
-0.8 
mA 


115 
Reference 
Input Bias Current 
(Figure 3) 
-1 
-3 
).LA 


Output Current 
Range 
(Figure 3) 


VEE = 
-5V 
0 
2.0 
2.1 
mA 


VEE = 
-15V, 
TA = 25'C 
0 
2.0 
4.2 
mA 


10 
Output 
Current 
VREF = 2.000V, 
R14 = 
10000, 
(Figure 3) 
1.9 
1.99 
2.1 
mA 


Output 
Current, 
All Bits Low 
(Figure 3) 
0 
4 
).LA 


Output 
Voltage 
Compliance 
(Note 2) 
E," 
0.19%, 
TA = 25'C 
VEE= 
-5V,IREF= 
1 mA 
-0.55, 
+0.4 
Voc 


VEE Below 
-1 OV 
- 
-5.0, 
+0.4 
Voc 
,~ 


Electrical Characteristics 
(Continued) 


(Vee = 5'11,VEE = -15 
Voe, VREF/R14 
= 2 mA, DAC0808: 
TA = -55'Cto 
+ 125'C, 
DAC0808C, 
DAC0807C, 
DACQ806C, 
TA 
= O'C to + 75'C, 
and all digital 
inputs 
at high logic level unless 
otherwise 
noted.) 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


SRIREF 
Reference 
Current 
Slew Rate 
(Figure 6) 
4 
8 
mAlp.s 


Output Current 
Power Supply 
-5'11 S VEE S -16.5'11 
0.05 
2.7 
p.AN 


Sensitivity 


Power Supply Current 
(All Bits 
(Figure 3) 
Low) 


lee 
2.3 
22 
mA 


lEE 
-4.3 
-13 
mA 


Power Supply Voltage 
Range 
TA = 25'C, 
(Figure 3) 


Vee 
4.5 
5.0 
5.5 
Voe 


VEE 
-4.5 
-15 
-16.5 
Voe 


Power Dissipation 
All Bits Low 
Vee = 5'11,VEE = -5'11 
33 
170 
mW 
Vee = 5'11,VEE = -15'11 
106 
305 
mW 
All Bits High 
Vee = 15'11,'IIEE = -5'11 
90 
mW 
Vee = 15'11,VEE = -15'11 
160 
mW 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not appty when operating 


the device beyond its specified 
operating conditions. 


Note 2: Range control is not required. 


Note 3: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJMAX. (JJA. and the ambient temperature, 
lA. The maximum 


allowable 
power dissipation 
at any temperature 
is Po = (TJMAX - 
TNI8JA 
or the number given in the Absolute 
Maixmum Ratings, whichever 
is lower. For this 
device, TJMAX = 125°C, and the typical junction-to-ambient 
thermal resistance of the dual-in-Iine J package when the board mounted is1 OOOC/W.For the dual-in- 
line N package, this number increases to 17soC/W and for the small outline M package this number is 100°C/W. 


Note 4: Human body model, 100 pF discharged 
through a '.5 kn resistor. 


Note 5: All current switches are tested to guarantee at least 50% of rated current. 


Note 6: All bits switched. 


Note 7: Pin-out numbers for the DALOBOX represent the dual-in-line 
package. The small outline package pinout differs from the dual-in-Iine package. 


Msa 
Al 


AZ 


A3 
A' 


A5 
A' 
Al 


Lsa AI 
• 


Typical Performance Characteristics 


Vex; = 5V, VEE = -15V, TA = 25°C, unless otherwise noted 
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Vo - OUTPUT VOLTAGE (V) 
TEMPERATURE rc) 
TEMPERATURE rc) 


Typical Power Supply 
Typical Power Supply 
Reference Input 
Current vs VEE 
Current vs Vcc 
Frequency Response 
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VEE - NEGATIVE POWER SUPPLY (VI 
VCC - POSITIVE POWER SUPPLY (V) 
f - FREQUENCY (MHz) 


TUHJ5687-5 


Unless otherwise specified: A14 = 
A15 = 1 kn, C = 15 pF, pin 16 to 
VEE;AL = 500., pin 4 to ground. 
Curve 
A: 
Large 
Signal 
Bandwidth 
Method of Figure 
7, VREF = 2 Vp-p 
offset 1 V above ground. 
Curve 
B: 
Small 
Signal 
Bandwidth 
Method of Figure 7, AL = 2500., VREF 
= 
50 mVp-p offset 200 mV above 
ground, 


Curve 
C: 
Large and 
Small Signal 
Bandwidth Method of Figure 9 (no op 
amp, AL = 500.), As = 500., VREF= 
2V, Vs = 100 mVp-p centered at OV. 


• 


D,G"AlI ~ 
INPUTS 
A5.,.,., 
',- 
:1',,1 


v" 


VI and 11apply to inputs A1-A8. 
The resistor tied to pin 15 is to temperature compensate the 
bias current and may not be necessary for all applications. 


( 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 ) 
10= K -+-+-+-+-+-+-+- 
2 
4 
8 
16 
32 
64 
128 
256 


where K '" VREF 
R14 


and AN = "1" if AN is at high level 
AN = "0" if AN is at low level 


TUH/5687-6 
FIGURE 3. Notation Definitions Test Circuit (Note 7) 
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FIGURE 5. Transient Response and Settling Time (Note 7) 
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Test Circuits 
(Continued) 
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SLEWING 
TIME 


dl 
1 
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TL/H/5687-9 
FIGURE 6. Reference 
Current 
Slew 
Rate Measurement 
(Note 7) 


TL/H/5687-11 
FIGURE 8. Negative 
VREF (Note 7) 


Application 
Hints 


REFERENCE 
AMPLIFIER 
DRIVE AND COMPENSATION 


The reference 
amplifier 
provides 
a voltage 
at pin 14 for con- 


verting 
the reference 
voltage 
to a current. 
and a turn-around 


circuit or current 
mirror for feeding 
the ladder. The reference 


amplifier 
input 
currrent, 
114, must 
always 
flow 
into 
pin 
14, 


regardless 
of the set-up method or reference 
voltage 
polarity. 


Connections 
for a positive 
voltage 
are shown 
in Figure 1. 
The reference 
voltage 
source 
supplies 
the full current 
114' 
For bipolar 
reference 
signals, 
as in the 
multiplying 
mode, 


c 
~n 
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FIGURE 7. Positive 
VREF (Note 7) 
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TUH/5687-12 
FIGURE 9. Programmable 
Gain Amplifier 
or 
Digital 
Attenuator 
Circuit 
(Note 7) 


R 15 can be tied to a negative 
voltage 
corresponding 
to the 
minimum 
input level. It is possible 
to eliminate 
R15 with only 
a small 
sacrifice 
in accuracy 
and temperature 
drift. 


The compensation 
capacitor 
value 
must be increased 
with 
increases 
in R14 to maintain 
proper 
phase 
margin; 
for R14 
values of 1, 2.5 and 5 kO, minimum 
capacitor 
values 
are 15, 


37 and 75 pF. The capacitor 
may be tied to either 
VEE or 
ground, 
but using VEE increases 
negative 
supply 
rejection. 


Application 
Hints (Continued) 
A negative reference voltage may be used if R14 is ground- 
ed and the reference voltage is applied to R15 as shown in 
Figure 8. A high input impedance is the main advantage of 
this method. Compensation involves a capacitor to VEEon 
pin 16, using the values of the previous paragraph. The neg- 
ative reference voltage must be at least 4V above the VEE 
supply. Bipolar input signals may be handled by connecting 
R14 to a positive reference voltage equal to the peak posi- 
tive input level at pin 15. 
When a DC reference voltage is used, capacitive bypass to 
ground is recommended. The 5V logic supply is not recom- 
mended as a reference voltage. If a well regulated 5V sup- 
ply which drives logic is to be used as the reference, R14 
should be decoupled by connecting it to 5V through another 
resistor and bypassing the junction of the 2 resistors with 
0.1 ".F to ground. For reference voltages greater than 5V, a 
clamp diode is recommended between pin 14 and ground. 
If pin 14 is driven by a high impedance such as a transistor 
current source, none of the above compensation methods 
apply and the amplifier must be heavily compensated, de- 
creasing the overall bandwidth. 


OUTPUT 
VOLTAGE 
RANGE 
The voltage on pin 4 is restricted to a range of - 0.55 to 
0.4V when VEE = -5V 
due to the current switching meth- 
ods employed in the DACOBOB. 
The negative output voltage compliance of the DACOBOBis 
extended to - 5V where the negative supply voltage is more 
negative than -10V. 
Using a full-scale current of 1.992 mA 
and load resistor of 2.5 kO between pin 4 and ground will 
yield a voltage output of 256 
levels between 0 and 
-4.9BOV. 
Floating pin 1 does not affect the converter 
speed or power dissipation. However, the value of the load 
resistor determines the switching time due to increased volt- 
age swing. Values of RL up to 5000 do not significantly 
affect performance, but a 2.5 kO load increases worst-case 
settling time to 1.2 ".s (when all bits are switched ON). Refer 
to the subsequent text section on Settling Time for more 
details on output loading. 


OUTPUT 
CURRENT 
RANGE 
The output current maximum rating of 4.2 mA may be used 
only for negative supply voltages more negative than -BV, 
due to the increased voltage drop across the resistors in the 
reference current amplifier. 


ACCURACY 
Absolute accuracy is the measure of each output current 
level with respect to its intended value, and is dependent 
upon relative accuracy and full-scale current drift. Relative 
accuracy is the measure of each output current level as a 
fraction of the full-scale current. The relative accuracy of the 
DACOBOBis essentially constant with temperature due to 


the excellent temperature tracking of the monolithic resistor 
ladder. The reference current may drift with temperature, 
causing a change in the absolute accuracy of output cur- 
rent. However, the DACOBOBhas a very low full-scale cur- 
rent drift with temperature. 
The DACOBOBseries is guaranteed accurate to within ± % 
LSB at a full-scale output current of 1.992 mA. This corre- 
sponds to a reference amplifier output current drive to the 
ladder network of 2 mA, with the loss of 1 LSB (B ".A) which 
is the ladder remainder shunted to ground. The input current 
to pin 14 has a guaranteed value of between 1.9 and 2.1 
mA, allowing some mismatch in the NPN current source 
pair. The accuracy test circuit is shown in Figure 4. The 12- 
bit converter is calibrated for a full-scale output current of 
1.992 mA. This is an optional step since the DAC080Baccu- 
racy is essentially the same between 1.5 and 2.5 mA. Then 
the DACOBOBcircuits' full-scale current is trimmed to the 
same value with R14 so that a zero value appears at the 
error amplifier output. The counter is activated and the error 
band may be displayed on an oscilloscope, detected by 
comparators, or stored in a peak detector. 
Two B-bit D-to-A converters may not be used to construct a 
16-bit accuracy D-to-A converter. 16-bit accuracy implies a 
total error of ±% 
of one part in 65,536 or ±0.OO076%, 
which is much more accurate than the ±0.019% specifica- 
tion provided by the DACOBOB. 


MULTIPLYING 
ACCURACY 
The DACOBOBmay be used in the multiplying mode with 
B-bit accuracy when the reference current is varied over a 
range of 256:1. If the reference current in the multiplying 
mode ranges from 16 ".A to 4 mA, the additional error con- 
tributions are less than 1.6 pA This is well within B-bit accu- 
racy when referred to full-scale. 


A monotonic converter is one which supplies an increase in 
current for each increment in the binary word. Typically, the 
DAC080B is monotonic for all values of reference current 
above 0.5 mA. The recommended range for operation with 
a DC reference current is 0.5 to 4 mA. 


SETTLING 
TIME 
The worst-case switching condition occurs when all bits are 
switched ON, which corresponds to a low-te-high transition 
for all bits. This time is typically 150 ns for settling to within 
± % LSB, for B-bit accuracy, and 100 ns to % LSB for 7 and 
6-bit accuracy. The turn OFF is typically under 100 ns. 
These times apply when RL S; 5000 and Co S; 25 pF. 
Extra care must be taken in board layout since this is usually 
the dominant factor in satisfactory test results when mea- 
suring settling time. Short leads, 100 ".F supply bypassing 
for low frequencies, and minimum scope lead length are all 
mandatory. 


t!JNational 
Semiconductor 


DAC0830/DAC0831/DAC0832 
8-Bit JLP 
Compatible, Double-Buffered 
D to A Converters 


General Description 
The DAC0830 is an advanced CMOS/Si·Cr 8·bit multiplying 
DAC designed to interface directly with the 8080, 8048, 
8085, Z80tl, and other popular microprocessors. A deposit- 
ed silicon-chromium R-2R resistor ladder network divides 
the reference current and provides the circuit with excellent 
temperature tracking characteristics (0.05% of Full Scale 
Range maximum linearity error over temperature). The cir· 
cuit uses CMOS current switches and control logic to 
achieve low power consumption and low output leakage 
current errors. Special circuitry provides TTL logic input volt- 
age level compatibility. 


Double buffering allows these DACs to output a voltage cor- 
responding to one digital word while holding the next digital 
word. This permits the simultaneous updating of any num- 
berof DACs. 
The DAC0830 series are the 8·bit members of a family of 
microprocessor-compatible DACs (MICRO·DACTM).For ap- 
plications demanding higher resolution, the DAC1000 series 
(10-bits) and the DAC1208 and DAC1230 (12·bits) are avail· 
able alternatives. 


Features 
• 
Double-buffered, single-buffered' or ,flow-through digital 
data inputs 
• 
Easy 
interchange 
and 
pin-compatible 
with 
12·bit 
DAC1230 series 
\ 


• 
Direct interface to all popular microprocessors 
• 
Linearity specified with zero and full scale adjust only- 
NOT BEST STRAIGHT LINE FIT. 
• 
Works with ± 10V reference-full 4-quadrant 
multiplication 
• 
Can be used in the voltage switching mode 
• 
Logic inputs which meet TTL voltage level specs (1.4V 
logic threshold) 
• 
Operates "STAND ALONE" (without ,..P) if desired 
• 
Available in 20-pin small-outline or molded chip carrier 
package 
' 
. 


Key Specifications 
• 
Current settling time 
• 
Resolution 
• 
Linearity 
(guaranteed over temp.) 


• 
Gain Tempco 
• 
Low power dissipation 
• 
Single power supply 


1 ,..s 
8 bits 
8, 9, or 10 bits 


0.0002% FS/"C 
20mW 
5 to 15 Voc 
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Connection Diagrams (Top Views) 


Dual·in-Llne and 
Small-outllne 
Packages 


Ci 
,. 
•• 
v" 
tThis 
is necessary for the 
••• 
•• 
Iu: IlnE1/iYiEZtt 
12-bit DAC1230 series to 
••• 
11 
iii 
permit interchanging 
from 


DOt 
17 
"'. 
an a·bit to a 12-bit DAC 


DOt 
11 
01, 
with No PC board 
change. 
1M, 
IS 
DOt 


0101'"' 
•• 
010 
end no software 
changes, 


Yoo' 
" 
DllIMA) 
see applk:a1lona aectIon. 
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3·23 


II.E (BYTE! / BYTE2)t 


Vee 
cs 
iii, 


GHD 


oo,(lISII) 
'oun 
'out! 
GND 
Ilt. 
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Absolute Maximum Ratings (Notes 1 & 2) 
If Military/Aerospace 
specified 
devices 
are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for availability 
and specifications. 


Supply Voltage (Vcc) 
17 Voc 
Voltage at Any Digital Input 
Vcc to GND 


Voltage at VREFInput 
± 25V 
Storage Temperature Range 
- 65"C to + 150"C 


Package Dissipation 
at TA= 25"C (Note 3) 
DC Voltage Applied to 
IOUT1or IOUT2(Note 4) 
ESD Susceptability (Note 14) 


Lead Temperature (soldering, 10 sec.) 
Dual-In-Line Package (plastic) 
Dual-In-Line Package (ceramic) 
Surface Mount Package 
Vapor Phase (60 sec.) 
Infrared (15 sec.) 


260"C 
300"C 


215"C 
220"C 


Operating Conditions 


Temperature Range 
Part numbers with 'LCN' suffix 


Part numbers with 'LCWM' suffix 
Part numbers with 'LCV' suffix 


Part numbers with 'LCJ' suffix 
Part numbers with 'LJ' suffix 


Voltage at Any Digital Input 


TMIN:>:TA:>:TMAX 
O"Cto +70"C 
O"Cto +70"C 
O"Cto +70"C 


- 40"C to + 85"C 
-55"C to + 125"C 


VcctoGND 


-100 
mVto Vcc 
800V 


Electrical Characteristics 
VREF= 10.000 Voc unless otherwise noted. Boldface limits apply over tempera- 
ture, TMIN:>:TA:>:TMAX,For all other limits TA= 25"C. 


Vcc = 5 VOC ±5% 
VCC = 4.75 VOC 
Vcc = 12 VOC ± 5% 
See 
Vcc = 15.75 Voc 
to 15 Voc ± 5% 


Note 
Limit 
Units 
T 
Tested 
yp 
Limit 
(Note 12) (Note 5) 


Design Limit 
(Note 6) 


Resolution 
8 
8 
8 
bits 


Linearity Error Max 
Zero and full scale adjusted 
4,8 
-10V:>:VREF:>:+ 10V 
DAC0830LJ & LCJ 
0.05 
0.05 
% FSR 
DAC0832LJ & LCJ 
0.2 
0.2 
% FSR 
DAC0830LCN, LCWM & LCV 
0.05 
0.05 
% FSR 
DAC0831LCN 
0.1 
0.1 
% FSR 
DAC0832LCN, LCWM & LCV 
0.2 
0.2 
% FSR 


Differential Nonlinearity 
Zero and full scale adjusted 
4,8 
Max 
-10V:>:VREF:>:+ 10V 
DAC0830LJ & LCJ 
0.1 
0.1 
% FSR 
DAC0832LJ & LCJ 
0.4 
0.4 
% FSR 
DAC0830LCN, LCWM & LCV 
0.1 
0.1 
%FSR 
DAC0831LCN 
0.2 
0.2 
%FSR 
DAC0832LCN, LCWM & LCV 
0.4 
0.4 
%FSR 


Monotonicity 
-10V:>:VREF 
LJ & LCJ 
4 
8 
8 
bits 
:>:+ 10V 
LCN, LCWM & LCV 
8 
8 
bits 


Gain Error Max 
Using Internal RIb 
7 
±0.2 
±1 
±1 
%FS 
-10V:>:VREF:>:+ 10V 


Gain Error Tempco Max 
Using internal RIb 
0.0002 
o.oooe 
% 
FS/"C 


Power Supply Rejection 
All digital inputs latched high 
Vcc= 14.5Vto 15.5V 
0.0002 
0.0025 
% 
11.5Vto 12.5V 
0.0006 
FSRIV 
4.5Vto 5.5V 
0.013 
0.015 


Reference InputI 
Max 
15 
20 
20 
kO 
I 
Min 
15 
10 
10 
kO 


Output Feedthrough Error 
VREF=20 Vp-p, f= 100 kHz 
3 
mVp-p 
All data inputs latched low 
, 


Electrical Characteristics 
VREF= 10.000 Voc unless otherwise 
noted. 
Boldtacellmlta 
apply over tempera- 


ture, TMIN,;;TA,;;TMAX. 
For all other limits TA=25·C. 
(Continued) 


.. 
Vee = 4.75 Voc 
Vcc = 5VOC 
±5% 


Vcc = 12 Voc 
±5% 


See 
Vee = 15.75 Voc 
to 15Voc 
±5% 
Umlt 
Parameter 
Conditions 
Note 
Te.ted 
Units 


Typ 
Umlt 
DealgnUmlt 
(Note 12) 
(Note 
5) 
(NoteS) 


CONVERTER 
CHARACTERISTICS 
(Continued) 


Output 
Leakage 
IOUT1 
All data inputs 
LJ& 
LCJ 
10 
100 
100 
nA 
Current 
Max 
latched 
low 
LCN, LCWM & LCV 
50 
100 


IOUT2 
All data inputs 
W&LCJ 
100 
100 


nA 
latched 
high 
LCN, LCWM & LCV 
50 
100 


Output 
IOUT1 
All data inputs 
45 
pF 
Capacitance 
IOUT2 
latched 
low 
115 
- 
. 


IOUT1 
All data inputs 
130 
pF 


IOUT2 
latched 
high 
30 
- ., 


DIGITAL 
AND DC CHARACTERISTICS 


Digital Input 
Max 
Logic Low 
LJ 
4.75V 
0.• 


Voltages 
LJ 
15.75V 
0.• 


LCJ 
4.75V 
0.7 
Voc 


LCJ 
15.75V 
0.• 


LCN, LCWM, LCV 
0.95 
0•• 


Min 
Logic High 
LJ &LCJ 
2.0 
2.0 


Voc 
LCN, LCWM, LCV 
1.9 
2.0 


Digital Input 
Max 
Digital inputs 
<0.8V 


Currents 
LJ&LCJ 
-50 
-200 
-200 
/LA 


LCN, LCWM, LCV 
-160 
-200 
,..A 


Digital inputs> 
2.0V 


LJ &LCJ 
0.1 
+10 
+10 
/LA 


LCN, LCWM, LCV 
+8 
+10 


Supply Current 
Max 
LJ &LCJ 
1.2 
3.5 
3.S 
mA 
Drain 
LCN, LCWM, LCV 
1.7 
2.0 
• 


Electrical Characteristics 
VREF= 
10.000 
Voc 
unless 
otherwise 
noted. 
Boldface 
limits 
apply 
over 
tempera- 


ture, 
TIIINS:TAS:TIIAX' 
For 
all other 
limits 
TA = 25°C. 
(Continued) 


Vcc= 
15.75 
Voc 
Vcc= 
12 Voc±5% 
Vcc 
= 4.75 
Voc 
Vcc=5Voc 


~ 
see 
to 
15Voc 
±5% 
±5% 


Umlt 
Symbol 
Pllr8lMter 
Conditions 
Note 
Tested 
Design 
Tested 
Design 
Units 
Typ 
Umlt 
Umlt 
Typ 
Limit 
Umlt 
(Note 
12) 
(Note 
5) 
(Note 
6) 
(Note 
12) 
(Note 
5) 
(Note 
6) 


AC 
CHARACTERISTICS 


is 
Current 
Setting 
VIL =OV, 
VIH=5V 
1.0 
1.0 
JLs 
Time 


tw 
Write 
and XFER 
VIL = OV, VIH = 5V 
11 
100 
250 
375 
600 


Pulse 
Width 
Min 
9 
320 
320 
800 
800 


tos 
Data 
Setup 
Time 
VIL =OV, 
VIH=5V 
9 
100 
250 
375 
600 


Min 
320 
320 
800 
800 


loti 
Data 
Hold 
Time 
VIL =OV, 
VIH=5V 
9 
30 
50 


Min 
30 
50 
ns 


tes 
Control 
Setup 
Time 
VIL =OV, 
VIH=5V 
9 
110 
250 
600 
900 


Mln 
320 
320 
1100 
1100 


tcH 
Control 
Hold 
Time 
VIL =OV, 
VIH=5V 
9 
0 
0 
10 
0 
0 


Min 
0 
0 


Note 1:Absolute 
M8ldmum Ratings Indicata limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 


the device beyond its specified 
operating 
conditions. 


Note 2: All voIlagea are measured with respect to GND, unl888 otherwise 
specified. 


Note 3: The maximum _ 
diaa/pation must be derated at elevated temperatures 
and is dictated by TJ"'AX, 9JA, and the ambienttemperalure, 
TA. The maximum 
__ 
diuipation 
at any tempenlluI"e 
Is Po ~ (TJMAX - 
T,.)/9JA 
or the number given in the Absolute 
Maximum Ratings. whichever 
is lower. For this 


deYk:e, TJMAX - 
125"C (pleslic) or 15O'C (oerarnic), end the typical junclion-to-ambientthermaJ 
resistanoe of the J package when board mounted is sr:rC/W. 
For 


the N pacl<age,lhIs 
number Increases to 100'C/W 
and lor the V package this number is 12O"C/W. 


Note 
., For current awilching 
applications, 
both lOUT! and IOUT2 must go to ground or the "Virtual 
Ground" 
01 an oparatlonal 
amplilier. 
The linearity error is 
__ 
by approximately 
Vos + VREF. For example, n VREF = 10V then a 1 mV offset, VOS' on lOUT! or IOUT2will introduoe an additional 0.D1% linearity error. 


_ 
•• T__ 
are guaranteed 
to National's 
AOOL (Average Outgoing Quality Level) . 


••••• 
" 
Guwanleed, 
but not 100% production 
tested. These limits are not used to calculate 
outgoing quality levels. 


_ 
7: Guaranteed 
at VREF- ± 10 Voe and VREF= ± I Voe. 


Note" 
The uon "FSR" 
stands for "Full scale Range." 
"Linearity 
Error" and "Power Supply Rejection" 
specs are based on this unilto 
eliminate depandenoe 
on a 
f*lIcuIar 
VREF value end to Indicate the true perlormanoe 
of the part. The "Linearity 
Error" 
specfflcation 
01 the DAC0830 
is "0.05% 
01 FSR (MAX)". 
This 


__ 
that after performing 
a zero end full scale adjustment 
(see Sec1Ions 2.5 end 2.6), the plot of the 256 analog vollage 
outputs 
will each be within 
0.05% XVREF 01 a otr8lght line which passes through zero and full scale . 
•••••t: IloIdIlIC8 _limits 
apply to the W and LCJ suffix parts only. 


_10: 
A 100nA leakage current with Rtb=20k 
and VREF= 10V corresponds 
to a zero error of (100XIO-9x20x1()3)x1OOI10 
which is 0.02% 01 FS. 


_ 
11:The entire write pulse must occur within the valid data interval lor the specified tw, tos, toH, and Is to apply . 


••••• 
12: TypIcaJa are at2SOC end represent 
most likely parametric 
norm . 


••••• 
13: Human body model, 100 pF discharged 
through a 1.5 kG resistor. 


V,. 
ILE, CS, 


V,L 


V,. 
Viii 


V,L 


V,. 


DATA BITS 


V'L 
I7\s~L 
________ 
J V - f-~e;rLtt~TD 


Control Signals (All control signals level actuated) 
CS: 
Chip Select (active low). The CS in combina- 
tion with ILE will enable WR1. 


ILE: 
Input Latch Emible (active high). The ILE in 
combination with CS enables WR1. 
WR1: 
Write 1.The active low WRl is used to load the 
digital input data bits (01) into the input latch. 
The data in the input latch is latched when WRl 
is high. To update the input latc~ 
and WRl 
must be low while ILE is high. 


WR2: 
Write 2 (active low). This signal, in combination 
with XFER, causes the 8-bit data which is avail- 
able in the input latch to transfer to the OAC 
register. 
XFER: 
Transfer 
control 
signal 
(active low). The 
X"F'ER will enable WR2. 


Other Pin Functions 
010-017: 
Digital Inputs. 010 is the least significant bit 
(LSB) and 017is the most significant bit (MSB). 


IOUT1: 
OAC Current Output 1. IOUTl is a maximum 
for a digital code of all 1's in the OAC register, 
and is zero for all O's in OAC register. 
IOUT2: 
OAC Current 
Output 2. IOUT2is a constant 
minus IOUT1,or IOUTl+ IOUT2=constant (I full 
scale for a fixed reference voltage). 
Rfb= 
Feedback Resistor. The feedback resistor is 
provided on the IC chip for use as the shunt 


feedback resistor for the external op amp which is 
used to provide an output voltage for the OAC. 
This on-chip resistor should always be used (not 
an external resistor) since it matches the resistors 
which are used in the on-chip R-2R ladder and 
tracks these resistors over temperature. 
Reference Voltage Input. This input connects an 
external precision voltage source to the internal R- 
2R ladder. VREFcan be selected over the range of 
+ 10 to -10V. 
This is also the analog voltage in- 
put for a 4-quadrant multiplying OAC application. 
Digital Supply Voltage. This is the power supply 
pin for the part. Vcc can be from + 5 to + 15Voc. 
Operation is optimum for + 15Voc. 
The pin 10 voltage must be at the same ground 
potential as IOUTl and IOUT2for current switching 
applications. Any difference of potential (Vos pin 
10) will result in a linearity change of 


Vos pin 10 


3VREF 


For example, if VREF = 10V and pin 10 is 9mV 
offset from IOUTl and IOUT2the linearity change 
will be 0.03%. 
Pin 3 can be offset 
± 100mV with no linearity 
change, but the logic input threshold will shift. 


a) End point test after 
zero and fs adj. 


Resolution: Resolution is directly related to the number of 
switches or bits within the DAC. For example, the DAC0830 
has 28 or 256 steps and therefore has 8-bit resolution. 
Linearity 
Error: Linearity Error is the maximum deviation 


from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 
National's linearity "end 
point test" 
(a) and the "best 
straight line" test (b,c) used by other suppliers are illustrated 
above. The "end point test" greatly simplifies the adjust- 
ment procedure by eliminating the need for multiple itera- 
tions of checking the linearity and then adjusting full scale 
until the linearity is met. The "end point test" guarantees 
that linearity is met after a single full scale adjust. (One ad- 
justment vs. multiple iterations of the adjustment.) The "end 
point test" uses a standard zero and F.S. adjustment proce- 
dure and is a much more stringent test for DAC linearity. 
Power Supply Sensitivity: 
Power supply sensitivity is a 


measure of the effect of power supply changes on the DAC 
full-scale output. 
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TLfHf5608-3 
c) Shifting fs adj. to pass 
best straight line test 


Settling Time: Settling time is the time required from a code 
transition until the DAC output reaches within ± Y.LSB of 
the final output value. Full-scale settling time requires a zero 
to full-scale or full-scale to zero output change. 
Full-Scale Error: Full scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC0830 series, full-scale is VREF -1 LSB. 
For VREF= 10V and unipolar operation, VFULL-SCALE= 
10.0000V-39mV=9.961V. 
Full-scale error is adjustable to 
zero. 
Differential 
Nonlinearity: The difference between any two 
consecutive codes in the transfer curve from the theoretical 
1 LSB is differential nonlinearity. 


Monotonic: 
If the output of a DAC increases for increasing 
digital input code, then the DAC is monotonic. An 8-bit DAC 
which is monotonic to 8 bits simply means that increasing 
digital input codes will produce an increasing analog output. 
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Typical Performance Characteristics 
. 
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TL/H/5608-5 
DAC0830 Series Application 
Hints 


These DAC's are the industry's first microprocessor com· 
system to be updated to their new analog output levels 


patible, double-buffered B-bit multiplying D to A converters. 
simultaneously via a common strobe signal. 
Double-buffering allows the utmost application flexibility 
The timing requirements and logic level convention of the 
from a digital control point of view. This 20-pin device is also 
register control signals have been designed to minimize or 
pin for 
pin compatible 
(with one 
exception) with the 
eliminate external interfacing logic when applied to most 
DAC1230, a 12-bit MICRO·DAC. In the event that a sys· 
popular microprocessors and development systems. It is 
tem's analog output resolution and accuracy must be up· 
easy to think of these converters as B·bit "write·only" mem- 
graded, substituting the DAC1230 can be easily accom· 
ory locations that provide an analog output quantity. All in- 
plished. By tying address bit AQto the ILE pin, a two-byte JLP 
puts to these DAC's meet TTL voltage level specs and can 
write instruction (double precision) which automatically in· 
also be driven directly with high voltage CMOS logic in non· 
crements the address for the second byte write (starting 
microprocessor based systems. To prevent damage to the 
with Ao= "1 ") can be used. This allows either an B-bit or the 
chip from static discharge, all unused digital inputs should 
12-bit part to be used with no hardware or software chang· 
be tied to VCC or ground. If any of the digital inputs are 
es. For the simplest B·bit application, this pin should be tied 
inadvertantly left floating, the DAC interprets the pin as a 
to Vcc (also see other uses in section 1.1). 
logic "1". 
Analog signal control versatility is provided by a precision R- 
1.1 Double-Buffered 
Operation 
2R ladder network which allows full 4-quadrant multiplica- 
tion of a wide range bipolar reference voltage by an applied 
Updating the analog output of these DAC's in a double-buff- 
digital word. 
ered manner is basically a two step or double write opera- 
tion. In a microprocessor system two unique system ad· 
1.0 DIGITAL CONSIDERATIONS 
dresses must be decoded, one for the input latch controlled 
A most unique characteristic of these DAC's is that the B-bit 
by the CS pin and a second for the DAC latch which is 
digital input byte is double·buffered. This means that the 
controlled by the XFrn line. If more than one DAC is being 
data must transfer through two independently controlled B- 
driven, Figure 2, the CS line of each DAC would typically be 
bit latching registers before being applied to the R-2R lad- 
decoded individually, but all of the converters could share a 
der network to change the analog output. The addition of a 
common ~ 
address to allow simultaneous updating of 
second register allows two useful control features. First, any 
any number of DAC's. The timing for this operation is 
DAC in a system can simultaneously hold the current DAC 
shown, Figure 
3. 


data In one register (DAC register) and the next data word in 
It is important to note that the analog outputs that will 
the second register (Input register) to allow fast updating of 
change after a simultaneous transfer are those from the 
the DAC output on demand. Second, and probably more 
DAC's whose input register had been modified prior to the 
important, double-buffering allows any number of DAC'sln a 
XFER command. 


&I 


DATA'US~'~_; 
_ 


------CTER 
LATCHED 


The ILE pin is an active high chip select which can be de- 
coded from the address bus as a qualifier for the normal "CS 
signal generated during a write operation. This can be used 
to provide a higher degree of decoding unique control sig- 
nals for a particular DAC, and thereby create a more effi- 
cient addressing scheme. 
Another useful application of the ILE pin of each DAC in a 
multiple DAC system is to tie these inputs together and use 
this as a control line that can effectively "freeze" the out- 
puta of all the DAC's at their present value. Pulling this line 
low latches the input register and prevents new data from 
being written to the DAC. This can be particularly useful in 
multiprocessing systems to allow a procassor other than the 


one controlling the DAC's to take over control of the data 
bus and control lines. If this second system were to use the 
same addresses as those decoded for DAC control (but for 
a different purpose) the ILE function would prevent the 
DAC's from being erroneously altered. 


In a "Stand-Alone" system the control signals are generat- 
ed by discrete logic. In this case double-buffering can be 
controlled by simply taking "CS and ~ 
to a logic "0", ILE 
to a logic "1" and pulling WR1'low to load data to the input 
latch. Pulling WR2 low will then update the analog output. A 
logic "1" on either of these lines will prevent the changing 
of the analog output. 
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FIGURE 4 


1.2 Single-Buffered 
Operation 


In a microprocessor controlled system where maximum 
data throughput to the DAC is of primary concern. or when 
only one DAC of several needs to be updated at a time. a 
single-buffered configuration can be used. One of the two 
internal registers allows the data to flow through and the 
other register will serve as the data latch. 
Digital signal feedthrough (see Section 1.5) is minimized if 
the input register is used as the data latch. Timing for this 
mode is shown in Figure 
4. 
Single-buffering in a "stand-alone" system is achieved by 
strobing WI1, low to update the DAC with ~, 
WA2 and 


XFER grounded and ILE tied high. 


1.3 Flow-Through Operation 
Though primarily designed to provide microprocessor inter- 
face compatibility, the MICRO-DAC's can easily be config- 
ured to allow the analog output to continuously reflect the 
state of an applied digital input. This is most useful in appli- 
cations where the DAC is used in a continuous feedback 
control loop and is driven by a binary up-down counter. or in 
function generation circuits where a ROM is continuously 
prOVidingDAC data. 


Simply grounding ~. 
WI1,. WA2. and XFrn 
and tying ILE 


high allows both internal registers to follow the applied digi- 
tal inputs (flow-through) and directly affect the DAC analog 
output. 


1.4 Control Signal TIming 
When interfacing these MICRO-DACto any microprocessor. 
there are two important time relationships that must be con- 
sidered to insure proper operation. The first is the minimum 
vm strobe pulse width which is specified as 900 ns for all 
valid operating conditions of supply voltage and ambient 
temperature. but typically a pulse width of only 180ns is 
adequate if Vcc = 15Voc. A second consideration is that 
the guaranteed minimum data hold time of 50ns should 


be met or erroneous data can be latched. This hold time is 
defined as the length of time data must be held valid on the 
digital inputs after a qualified (via CS) WR strobe makes a 
low to high transition to latch the applied data. 
If the controlling device or system does not inherently meet 
these timing specs the DAC can be treated as a slow mem- 
ory or peripheral and utilize a technique to extend the write 
strobe. A simple extension of the write time, by adding a 
wait state. can simultaneously hold the write strobe active 
and data valid on the bus to satisfy the minimum WR pulse- 
width. If this does not provide a sufficient data hold time at 
the end of the write cycle, a negative edge triggered one- 
shot can be included between the system write strobe and 
the WR pin of the DAC. This is illustrated in Figure 5 for an 
exemplary system which provides a 250ns WR strobe time 
with a data hold time of less than 10ns. 
The proper data set-up time prior to the latching edge (LO to 
HI transition) of the WR strobe, is insured if the WR pulse- 
width is within spec and the data is valid on the bus for the 
duration of the DAC WR strobe. 


1.5 Digital Signal Feedthrough 
When data is latched in the internal registers. but the digital 
inputs are changing state. a narrow spike of current may 
flow out of the current output terminals. This spike is caused 
by the rapid switching of internal logic gates that are re- 
sponding to the input changes. 
There are several recommendations to minimize this effect. 
When latching data in the DAC, always use the input regis- 
ter as the latch. Second. reducing the Vcc supply for the 
DAC from + 15V to + 5V offers a factor of 5 improvement in 
the magnitude of the feedthrough. but at the expense of 
internal logic switching speed. Finally. increasing Cc (Figure 


8) to a value consistent with the actual circuit bandwidth 
requirements can proVide a substantial damping effect on 
any output spikes. 
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2.0 ANALOG CONSIDERATIONS 
The fundamental purpose of any D to A converter is to pro- 
vide an accurate analog output quantity which is representa- 
tive of the applied digital word. In the case of the DAC0830, 
the output, IOUT1,is a current directly proportional to the 
product of the applied reference voltage and the digital input 
word. For application versatility, a second output, IOUT2,is 
provided as a current directly proportional to the comple- 
ment of the digital input. Basically: 


I 
- VREFx Digital Input. 
OUT1- 15 kfi 
256' 


VREF 
255-Digitallnput 


IOUT2=15 kfi x 
256 


where the digital input is the decimal (base 10) equivalent of 
the applied 8-bit binary word (0 to 255), VREFis the voltage 
at pin 8 and 15 kfi is the nominal value of the internal resist- 
ance, R, of the R-2R ladder network (discussed in Section 
2.1). 


Several factors external to the DAC itself must be consid- 
ered to maintain analog accuracy and are covered in subse- 
quent sections. 


2.1 The Current Switching R·2R Ladder 
The analog circuitry, Figure 6, consists of a silicon-chromi- 
um (SiCr or Si-chrome) thin film R-2R ladder which is depos- 
ited on the surface oxide of the monolithic chip. As a result, 
there are no parasitic diode problems with the ladder (as 
there may be with diffused resistors) so the reference volt- 
age, VREF,can range -10V 
to +10V even if Vcc for the 
device is 5Voc. 
The digital input code to the DAC simply controls the posi- 
tion of (he SPDT current switches and steers the available 
ladder current to either IOUT1or IOUT2as determined by the 
logic input level ("1" 
or "0") 
respectively, as shown in 


Figure 
6. The MOS switches operate in the current mode 
with a small voltage drop across them and can therefore 
switch currents of either polarity. This is the basis for the 4- 
quadrant multiplying feature of this DAC. 


2.2 Basic Unipolar Output Voltage 
To maintain linearity of output current with changes in the 
applied digital code, it is important that the voltages at both 
of the current output pins be as near ground potential 
(OVoc) as possible. With VREF= + 10V every millivolt ap- 
pearing at either IOUTl or IOUT2will cause a 0.01% linearity 
error. In most applications this output current is converted to 
a voltage by using an op amp as shown in Figure 
7. 


The inverting input of the op amp is a "virtual ground" creat- 
ed by the feedback from its output through the internal 15 
kfi resistor, RIb.All of the output current (determined by the 
digital input and the reference voltage) will flow through RIb 
to the output of the amplifier. Two-quadrant operation can 
be obtained by reversing the polarity of VREFthus causing 
IOUTl to flow into the DAC and be sourced from the output 
of the amplifier. The output voltage, in either case, is always 
equal to IOUTlX RIband is the opposite polarity of the refer- 
ence voltage. 
The reference can be either a stable DC voltage source or 
an AC signal anywhere in the range from -10V 
to + 10V. 


The DAC can be thought of as a digitally controlled attenua- 
tor: the output voltage is always less than or equal to the 
applied reference voltage. The VREFterminal of the device 
presents a nominal impedance of 15 kfi to ground to exter- 
nal circuitry. 


Always use the internal RIb resistor to create an output volt- 
age since this resistor matches (and tracks with tempera- 
ture) the value of the resistors used to generate the output 
current (IOUT1). 


2.3 Op Amp 
Considerations 


The 
op amp 
used 
in Figure 
7 should 
have 
offset 
voltage 


nulling 
capability 
(See Section 
2.5). 


The selected 
op amp 
should 
have as Iowa 
value 
of input 


bias 
current 
as possible. 
The 
product 
of the 
bias 
current 


times the feedback 
resistance 
creates 
an output voltage 
er- 


ror which 
can be significant 
in low reference 
voltage 
appli- 


cations. 
BI-FET 
op amps 
are highly 
recommended 
for use 


with these 
DACs because 
of their very low input current. 


Transient 
response 
and settling 
time of the op amp are im- 


portant 
in fast data throughput 
applications. 
The largest 
sta- 


bility problem 
is the feedback 
pole created 
by the feedback 


resistance, 
R,b, and 
the 
output 
capacitance 
of the 
DAC. 


This appears 
from 
the op amp output 
to the (-) 
input and 


includes 
the 
stray 
capacitance 
at this 
node. 
Addition 
of a 


lead capacitance, 
Cc in Figure 8, greatly 
reduces 
overshoot 


and ringing 
at the output 
for a step 
change 
in DAC output 


current. 


Finally, 
the 
output 
voltage 
swing 
of the 
amplifier 
must 
be 


greater 
than 
VREF to allow 
reaching 
the 
full 
scale 
output 


voltage. 
Depending 
on the loading 
on the output 
of the am- 


plifier 
and the available 
op amp supply 
voltages 
(only 
± 12 


volts 
in many 
development 
systems), 
a reference 
voltage 


less than 
10 volts 
may be necessary 
to obtain 
the full ana- 
log output 
voltage 
range. 


2.4 Bipolar 
Output 
Voltage 
with 
a Fixed 
Reference 


The addition 
of a second 
op amp to the 
previous 
circuitry 


can 
be used 
to generate 
a bipolar 
output 
voltage 
from 
a 


fixed 
reference 
voltage. 
This, 
in effect, 
gives 
sign 
signifi- 


cance 
to the MSB of the digital 
input word and allows 
two- 
quadrant 
mUltiplication 
of the reference 
voltage. 
The polarity 


of the reference 
can also be reversed 
to realize full 4-quad- 


rant 
multiplication: 
±VREFX 
±Digital 
Code= 
±VOUT. 
This 


circuit 
is shown 
in Figure 
9. 


Vour = -(Ioun 
x R'bl 
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(DIGITAL INPUTho 
256 


\ 
Vos ADJUST 


Vee 


This configuration 
features 
several 
improvements 
over 
ex- 


isting 
circuits 
for 
bipolar 
outputs 
with 
other 
multiplying 


DACs. Only the offset 
voltage 
of amplifier 
1 has to be nulled 


to preserve 
linearity 
of the DAC. The offset 
voltage 
error of 


the second 
op amp (although 
a constant 
output 
voltage 
er- 


ror) 
has no effect 
on 
linearity. 
It should 
be nulled 
only 
if 


absolute 
output 
accuracy 
is required. 
Finally, 
the values 
of 


the 
resistors 
around 
the 
second 
amplifier 
do 
not 
have 
to 


match 
the internal 
DAC resistors, 
they need 
only to match 


and temperature 
track each other. 
A thin film 4-resistor 
net- 


work 
available 
from 
Beckman 
Instruments, 
Inc. 
(part 
no. 


694-3-R10K-D) 
is ideally 
suited 
for this 
application. 
These 


resistors 
are matched 
to 0.1 % and exhibit 
only 
5 ppm/'C 


resistance 
tracking 
temperature 
coefficient. 
Two of the four 


available 
10 k!1 resistors 
can 
be paralleled 
to form 
R in 


Figure 
9 and the other 
two can be used independently 
as 


the resistances 
labeled 
2R. 


2.5 Zero 
Adjustment 


For accurate 
conversions, 
the 
input 
offset 
voltage 
of the 


output 
amplifier 
must always 
be nulled. 
Amplifier 
offset 
er- 


rors create 
an overall 
degradation 
of DAC linearity. 


The fundamental 
purpose 
of zeroing 
is to make the voltage 
appearing 
at the 
DAC 
outputs 
as near OVDC as possible. 


This is accomplished 
for thE1typical DAC - 
op amp connec- 


tion 
(Figure 
7) by shorting 
out 
R,b, the amplifier 
feedback 


resistor, 
and adjusting 
the Vos 
nulling 
potentiometer 
of the 


op amp 
until the output 
reads 
zero 
volts. 
This 
is done, 
of 


course, 
with an applied 
digital 
code 
of all zeros 
if IOUT1 is 


driVing the op amp (all one's 
for IOUTV. The short 
around 


R,b is then removed 
and the converter 
is zero adjusted. 
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2.6 Full-Scale 
Adjustment 


In the case where 
the matching 
of Rib to the R value of the 


R-2R 
ladder 
(typically 
±0.2%) 
is insufficient 
for full-scale 


accuracy 
in a particular 
application, 
the VREF voltage 
can be 


adjusted 
or an external 
resistor 
and potentiometer 
can be 


added 
as shown 
in Figure 
10 to provide 
a full-scale 
adjust- 


ment. 


The temperature 
coefficients 
of the 
resistors 
used for this 


adjustment 
are an important 
concern. 
To prevent 
degrada- 


tion of the gain error temperature 
coefficient 
by the external 


resistors, 
their 
temperature 
coefficients 
ideally 
would 
have 


to match that of the internal 
DAC resistors, 
which 
is a highly 


impractical 
constraint. 
For the values 
shown 
in Figure 
10, if 


the resistor 
and the potentiometer 
each 
had a temperature 


coefficient 
of ± 100 ppm/*C 
maximum, 
the overall 
gain error 


temperature 
coefficent 
would 
be degraded 
a maximum 
of 


0.0025%/*C 
for an adjustment 
pot setting 
of less than 3% 
of Rib. 


2.7 Using 
the DAC0830 
In a Voltage 
Switching 


ConfIguration 


The R·2R ladder 
can also be operated 
as a voltage 
switch- 


ing network. 
In this mode 
the ladder 
is used in an inverted 


(DIGITAL 
CODE -128) 
VOUT=VREF 
128 


1 LSB='VREFI 


128 


Input 
Code 
IDEALVOUT 


MSB 
.......... 
LSB 
+VREF 
-VREF 


1 
1 
1 
1 
1 
1 
1 
1 
VREF-1 
LSB 
-IVREFI + 1 LSB 


1 
100 
0 
0 
0 
0 
VREF/2 
-IVREFI/2 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 


o 
1 
1 
1 
1 
1 
1 
1 
-1 
LSB 
+1 
LSB 


0 
0 
1 
1 
1 
1 
1 
1 
JVREFI_1 
LSB 
IVREFI + 1 LSB 
2 
2 


0 
0 
0 
0 
0 
0 
0 
0 
-IVREFI 
+IVREFI 


manner 
from 
the standard 
current 
switching 
configuration. 


The 
reference 
voltage 
is connected 
to one 
of the current 


output 
terminals 
(IOUT1 for true binary digital 
control, 
IOUT2 


is for complementary 
binary) and the output 
voltage 
is taken 


from 
the 
normal 
VREF pin. The converter 
output 
is now 
a 


voltage 
in the range from OV to 255/256 
VREF as a function 


of the applied 
digital code 
as shown 
in Figure 
11. 


TUH/5608-11 


FIGURE 
10. Adding 
Full·SCale 
Adjustment 


I (VOl') 
R 


OVC;YoUTC;:Vm 


(MSI) 
• 
• 
• 
• 
(LSI) 
01,~===~OIO 
(lOUT') 11 


(Ioun) 
12 
~ 
Voc REFERENCE 


This configuration offers several useful application advan- 
tages. Since the output is a voltage. an external op amp is 
not necessarily required but the output impedance of the 
DAC is fairly high (equal to the specified reference input 
resistance of 10 kO to 20 kO) so an op amp may be used 
for buffering purposes. Some of the advantages of this 
mode are illustrated in Figures 
12, 13, 14 and 15. 


There are two important things to keep in mind when using 
this DAC in the voltage switching mode. The applied refer- 
ence voltage must be positive since there are internal para- 
sitic diodes from ground to the IOUTl and IOUT2terminals 
which would turn on if the applied reference went negative. 
There is also a dependence of conversion linearity and 


• Voltage 
switching 
mode eliminates 
output signal inversion and therefore 
a 
need for a negative power supply. 


• Zero code output voltage 
is limited by the low level output saturation 
volt- 
age of the op amp. The 2 kO pUll-down 
resistor 
helps to reduce 
this Yolt- 
age. 


• VOS of the op amp has no effect on DAC linearity. 


gain error on the voltage difference between Vcc and the 
voltage applied to the normal current output terminals. This 
is a result of the voltage drive requirements of the ladder 
switches. To ensure that all 8 switches turn on sufficiently 
(so as not to add significant resistanctl to any leg of the 
ladder and thereby introduce additional linearity and gain 
errors) it is recommended that the applied reference voltage 
be kept less than +5Voc and Vcc be at least 9V more 
positive than VREF. These restrictions ensure less than 
0.1% linearity and gain error change. Figures 
16, 17 and 18 


characterize the effects of bringing VREFand Vcc closer 
together as well as typical temperature performance of this 
voltage switching configuration. 


'VOUT=2.5V (~-1) 
128 


FIGURE 13. Obtaining 
a Bipolar Output 
from a Fixed 
Reference 
with a Single Op Amp 


Gain and Unearlty Error 
Variation vs. Supply Voltage 


0.4 
VOLTAGE MOOE OPERATION 
AUNEARITY 
ERROR 


YIlEf;"5V 


t.. 
2 


2 
4 
I 
I 
10 
12 
14 
II 
ll:c. IUPPlY 
VOLTAGE (Voc) 


t 
AV=+I 


lOUT! 
GNO 
12 
10 3 


• Only a single + 15V supply required 


• Non-interactive 
full·scale 
and zero code output adjustments 


• VMAX and VMIN must be ,;; +5VDC and" 
av. 


D 
255 
'VooT~tss<VMAX- 
VMIN)+256 VMIN 


FIGURE 15. Single Supply DAC with Level Shift and Span- 
Adjustable Output 


Gain and Linearity Error 
Variation vs. Reference Voltage 
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OPERATION 
I 
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0.2 AU:::.r 
a 
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! 
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2 
4 
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I 


VREf, REFERENCE VOLTAGE (VDC) 


FIGURE 17 
Nole: For these curves, VREF i. the voltage 
ap- 


plied to pin 11 (loon) with pin 12 (IOUT21 
grounded. 
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2.8 Miscellaneous 
Application 
Hints 


These 
converters 
are CMOS 
products 
and reasonable 
care 
should 
be exercised 
in handling 
them to prevent 
catastroph- 
ic failures 
due to static 
discharge. 


Conversion 
accuracy 
is only as good 
as the applied 
refer- 
ence 
voltage 
so providing 
a stable 
source 
over 
time 
and 
temperature 
changes 
is an important 
factor 
to consider. 


A "good" 
ground 
is most 
desirable. 
A single 
point 
ground 
distribution 
technique 
for analog 
signals 
and supply 
returns 


keeps other devices 
in a system 
from affecting 
the output 
of 


the DACs. 


During 
power-up 
supply 
voltage 
sequencing, 
the 
-15V 
(or 


-12V) 
supply 
of the 
op 
amp 
may 
appear 
first. 
This 
will 
cause 
the output 
of the op amp to bias near the negative 


supply 
potential. 
No harm is done 
to the DAC, however, 
as 


the 
on-chip 
15 kO feedback 
resistor 
sufficiently 
limits 
the 


current 
flow from 
IOUT1 when this lead is internally 
clamped 


to one diode 
drop below 
ground. 


Careful 
circuit construction 
with minimization 
of lead lengths 
around 
the analog 
circuitry, 
is a primary 
concern. 
Good high 
frequency 
supply 
decoupling 
will aid in preventing 
inadver- 


tant noise from 
appearing 
on the analog 
output. 


V 
-V'N (256) 
• OUT=--D-- 


• When 
D = 0, the amplifier 
will go open loop and the output will saturate. 


• Feedback 
impedance 
from the 
- input to the output varies from 15 kG to 


00 8S the input code changes 
from full-scale 
to zero. 


Overall 
noise 
reduction 
and reference 
stability 
is of particu- 


lar concern 
when 
using 
the 
higher 
accuracy 
versions, 
the 
DAC0830 
and DAC0831, 
or their advantages 
are wasted. 


3.0 GENERAL 
APPLICATION 
IDEAS 


The connections 
for the control 
pins of the digital 
input reg- 


isters are purposely 
omitted. 
Any of the control 
formats 
dis- 


cussed 
in Section 
1 of the accompanying 
text will work with 
any of the circuits 
shown. 
The method 
used depends 
on the 
overall 
system 
provisions 
and requirements. 


The digital input code is referred 
to as D and represents 
the 
decimal 
equivalent 
value of the 8-bit binary input, for exam- 
ple: 


Binary 
Input 


Pin 13 
Pln7 
D 


MSB 
LSB 
Decimal 
Equivalent 


1 
1 
1 
1 
1 
1 
1 
1 
255 


1 
0 
0 
0 
0 
0 
0 
0 
128 


0 
0 
0 
1 
0 
0 
0 
0 
16 


0 
0 
0 
0 
0 
0 
1 
0 
2 


0 
0 
0 
0 
0 
0 
0 
0 
0 


~CEOUIV 
I 


( 
256) 
.CEQUIV=C, 
1+0 


• Maximum 
voltage 
across the equivalent 
capacitance 
is 


limited to Vo MAX~:6amp) 


1+- 
D 


• C2 is used to improve 
settling time of op amp. 


• 


Applications 
(Continued) 


Variable fo. Variable Qo. Constant BW Bandpass Filter 


Rs 


fKD 


• 10 ~ '1"256; 00 = 
fKD (2Ra + R,,; 3dbBW = 
Ra(K + 1) 
21TR,C 
'1"256 Ra(K + 1) 
21TR,C(2Ra 
+ Rll 


whereC, 
= Cz ~ C; K ~ ~and 
R, - 
R of DAC ~ 15k 
Rs 


• Ho = 1 for RIN - 
R4 ~ 
R, 


• Range of fo and Q is ::::: 16 to 1 for circuit shown. 
The 
range can be extended 
to 255 to 1 by replacing R1 with a 
second 
DAC0830 driven by the same digital input word. 


• Maximum fO x 0 product should be '" 200 kHz. 


DAC Controlled Function Generator 


+15Y 


+15Y 


25kf 
SYMMETRY,..' 


TRIM 
-15Y 
WAYESHAPE ••.•••••• 


TRIM 


., r- +15 
U 
-15 


SQUARE WAYE 
OUTPUT 


D 
•I = 256(20k)C lor VOMAX ~ VaMIN of square wave output and R, = 3 Rz· 


• 255 to 1 linear frequency 
range; oscillator 
stops with 0 = 0 


• Trim symmetry 
and wave-shape 
for minimum sine wave distortion. 


Applications 
(Continued) 


Two Terminal 
Floating 
4 to 20 mA Current 
Loop Controller 


INPUT 


TUH/5808-19 


lOUT~ VREF[..!... +_0_] 
[1 +~] 
Rl 
256Rtb 
R3 


• OAC0830 linearly controls the current flow from the input terminal to the 
output terminal to be 4 mA (for O~O) to 19.94 mA (for 0-255). 


• Circuit operates 
with a terminal 
voltage 
differential 
of 16V to 55V. 


• P2 adjusts the magnitude 
of the output current and P1 adjusts the zero 
to full scale range of output current 


• Digital inputs can be supplied 
from a. processor 
using opto isolators 
on 
each input or the OAC latches can flow-through 
(connect control lines to 
pins 3 and 10 of the OAC) and the input data can be set by SPST toggle 
switches to 9round (pins 3 and 10). 


11 
loun 


OAC0830 
SYFINAL 


""EF 
Ioun 
V" 
V'NfTlAl 
12 
10 


':" 


, 
10k 


V= 2~(VOUT 
- VIN) + ~~:VIN 


• Output 
responds 
exponentially 
to input changes 
and automatically 
stops 
when VOUT~ V,N 


• Output time constant 
is directly proportional 
to the OAC input code and 
capacitorC 


• Input voltage must be positive (see section 2.7) 


• 


0.05% 
FSR 
DAC0830LCN 
DAC0830LCM 
DAC0830LCV 
DAC0830LCJ 
DAC0830LJ 
Non 
Linearity 
0.1% 
FSR 
DAC0831LCN 


0.2% 
FSR 
DAC0832LCN 
DAC0832LCM 
DAC0832LCV 
DAC0832LCJ 
DAC0832LJ 


Package 
Outline 
N20A-Molded 
DIP 
M20B Small Outline 
V20A Chip Carrier 
J20A-Geramic 
DIP 


t!JNational 
Semiconductor 


OAC0854 Quad 8-Bit Voltage-Output 
Serial 01A Converter with Readback 


General Description 
The DAC0854 is a complete quad 8-bit vOltage-output digi- 
tal-to-analog converter that can operate on a single 5V sup- 
ply. It includes on-chip output amplifiers, internal voltage ref- 
erence, and a serial microprocessor interface. By combining 
in one package the reference, amplifiers, and conversion 
circuitry for four 0/ A converters, the DAC0854 minimizes 
wiring and parts count and is hence ideally suited for appli- 
cations where cost and board space are of prime concern. 
The DAC0854 also has a data readback function, which can 
be used by the microprocessor to verify that the desired 
input word has been properly latched into the DAC0854's 
data registers. The data readback function simplifies the de- 
sign and reduces the cost of systems which need to verify 
data integrity. 
The logic comprises a MICROWIRETM-compatibleserial in- 
terface and control circuitry. The interface allows the user to 
write to anyone of the input registers or to all four at once. 
The latching registers are double-buffered, consisting of 4 
separate input registers and 4 DAC registers. Double buffer- 
ing allows all 4 DAC outputs to be updated simultaneously. 
The four reference inputs allow the user to configure the 
system to have a separate output voltage range for each 
DAC. The output voltage of each DAC can range between 
0.3V and 2.8V and is a function of VSIAS,VREF,and the 
input word. 


Features 
• 
Single + 5V supply operation 
• 
MICROWIRE serial interface allows easy interface to 
many popular microcontrollers including the COPSTM 
and HPCTMfamilies of microcontrollers 
• 
Data readback capability 
• 
Output data can be formatted to read back MSB or 
LSB first 
• 
Versatile logic allows selective or global update of the 
DACs 
• 
Power fail flag 
• 
Output amplifiers can drive 2 kfi load 
• 
Synchronous/asynchronous update of the DAC outputs 


Key Specifications 
• 
Guaranteed monotonic over temperature 
• 
Integral linearity error 
• 
Output settling time 
• 
Analog output voltage range 
• 
Supply voltage range 
• 
Clock frequency 
• 
Power dissipation (feLK = 10 MHz) 
• 
On-board reference 


±'h 
LSB max 


2.7 ,...S max 
0.3V to 2.8V 
4.5V to 5.5V 
10 MHz max 
95 mW max 


2.65V ±2% max 


Applications 
• 
Automatic test equipment 
• 
Industrial process controls 
• 
Automotive controls and diagnostics 
• 
Instrumentation 


VOUT2 
1 
20 
VREF2 


VBIASI 
2 
VOUT1 


cs 
3 
VREF1 


Au 
4 
AVec 


ClK 
5 
DAC0854 


VREF OUT 


DO 
VREF3 


GNO 
Voun 


INT 
8 
VBIAS2 


01 
9 
12 
VREF4 


OVcc 
10 
11 
Vouu 


TUH/11261-1 
Top View 


Industrial 
( - 40"C < TA +85'C) 
Package 


DAC0854BIN, DAC0854CIN 
N20A Molded DIP 


DAC0854CIJ 
J20A Ceramic DIP 


DAC0854BIWM, DAC0854CIWM 
M20B Small Outline 


Military (-55'C 
< TA < + 125"C) 


DAC0854CMJ/883 
J20A Ceramic DIP • 


Absolute Maximum Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Soldering 
Information 


please 
contact 
the 
National 
Semiconductor 
Sales 
J Package 
(10 sec.) 
3000C 


Office/Distributors 
for 
availability 
and 
specifications. 
N Package 
(10 sec.) 
26O"C 


(Note 
24) 
SO Package 


Supply Voltage 
(AVec, 
DVecl 
7V 
Vapor Phase (60 sec.) 
215°C 


Supply Voltage 
Difference 
(AVee-DVecl 
±5.5V 
Infrared 
(15 sec.) (Note 7) 
220"C 


Voltage 
at Any Pin (Note 3) 
GND -0.3Vto 
Storage 
Temperature 
- 65°C to + 150"C 


AVec/DVec 
+0.3V 
Operating Ratings 
(Notes 
1 & 2) 
Input Current 
at Any Pin (Note 3) 
5mA 


Package 
Input Current 
(Note 4) 
20mA 
Supply Voltage 
4.5Vt05.5V 


Power Dissipation 
(Note 5) 
105mW 
Supply Voltage 
Difference 
(AVec 
- 
DVec) 
±IV 


ESD Susceptibility 
(Note 6) 
1250V 
Temperature 
Range 
TMIN < TA < TMAX 


DAC0854BIN. 
DAC0854CIN, 
DAC0854CIJ. 
DAC0854BIWM. 


DAC0854CIWM 
-40"C 
< TA < 85°C 


DAC0854CMJ/883 
-55°C 
< TA < 125°C 


Converter Electrical Characteristics 


The following 
specifications 
apply for AVec 
= DVee = 5V, VREF = 2.65V. VSIAS = 1.4V. RL = 2 kO (RL is the load resistor 
on 
the analog 
outputs 
- pins 1, 11, 14, and 19) and feLK = 10 MHz unless 
otherwise 
specified. Boldface Ilmlta appl, for TA 
= T" from TIlIN to TIIAX. 
All other 
limits apply for TA = 25°C. 


Symbol 
Parameter 
Conditions 
Typical 
Umlt 
Unit. 


,. 
(NoteS) 
(Note e) 
(Umlta) 


STATIC 
CHARACTERISTICS 


n 
Resolution 
feLK = 10MHz 
8 
8 
bits 


Monotonicity 
(Note 10) 
8 
8 
bits 


r 
Integral 
Linearity 
Error 
(Note 11) 


DAC0854BIN, 
DAC0854BIWM 
I 
±O •• 
LSB(max) 


DAC0854CIN. 
DAC0854CIJ, 


DAC0854CIWM, 
DAC0854CMJ 
±1.0 
LSB(max) 


Differential 
Linearity 
Error 
±1.0 
LSB(max) 


Fullscale 
Error 
(Note 12) 
±3. 
mV 


Fullscale 
Error Tempco 
(Note 13) 
-30 
ppmrc 


Zero Error 
(Note 14) 
±3. 
mV 


Zero Error Tempco 
(Note 13) 
-30 
ppm/oC 


Power Supply Sensitivity 
(Note 15) 
-42 
-34 
dB (max) 


DYNAMIC 
CHARACTERISTICS 


ts+ 
Positive Voltage 
Output 
(Note 16) 


1.5 
2.1 
Settling 
Time 
CL = 200pF 
p's 


ts- 
Negative 
Voltage 
Output 
(Note 16) 
1.8 
2.7 
Settling 
Time 
CL = 200pF 


p.s 


Digital Crosstalk 
(Note 17) 
1.8 
mVp-p 


" 


Digital Feedthrough 
(Note 18) 
8.5 
- 
mVp-p 


Clock Feedthrough 
(Note 19) 
3.3 
II 
mVp-p 


Channel-to-Channellsolation 
(Note 20) 
-78 
,~ 
dB 


Glitch 
Energy 
(Note 21) 
7 
nV-s 


Peak Value of Largest 
Glitch 
38 
.. 
mV 


PSRR 
Power Supply Rejection 
Ratio 
(Note 22) 
-49 
dB 


Converter 
Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for AVcc = DVcc = 5V, VREF = 2.65V, VSIAS = 1.4V. Rl = 2 kO (Rl 
is the load resistor 
on 
the analog 
outputs 
- pins 1, 11, 14, and 19) and fClK = 10 MHz unless 
otherwise 
specified. 
8olclf.ce 
"mila .pp~ for TA 


= T•• from TIlIN to TIIAX' All other 
limits apply for TA = 25'C. 


Symbol 
Parameter 
Conditions 
Typical 
Umlt 
Units 


(Note 
3) 
(Note 
4) 
(Umlt.) 


DIGITAL 
AND DC ELECTRICAL 
CHARACTERISTICS 


VIN(1) 
Logical 
"1" 
Input Voltage 
AVcc = DVcc = 5.5V 
2.0 
V (min) 


VIN(O) 
Logical 
"0" 
Input Voltage 
AVcc = DVcc = 4.5V 
0.• 
V (max) 


III 
Digital Input Leakage 
Current 
1 
5 
,.A(max) 


CIN 
Input Capacitance 
4 
pF 


COUT 
Output 
Capacitance 
5 
pF 


VOUT(1) 
Logical 
"1" 
Output Voltage 
ISOURCE = 0.8 mA 
2.4 
V (min) 


VOUTIO) 
Logical 
"0" 
Output Voltage 
'SINK = 3.2 mA 
0.4 
V (max) 


VINT 
Interrupt 
Pin Output Voltage 
10 kO Pullup 
0.4 
V (max) 


Is 
Supply Current 
Outputs 
Unloaded 
14 
1. 
mA 


REFERENCE 
INPUT 
CHARACTERISTICS 


VREF 
Input Voltage 
Range 
0-2.75 
V 


RREF 
Input Resistance 
7 
4 
kO(min) 


10 
kO(max) 


CREF 
Input Capacitance 
Full-Scale 
Data Input 
40 
pF 


VBIAS INPUT CHARACTERISTICS 


VSIAS 
VSIAS Input Voltage 
Range 
0.3-1.4 
V 


Input Leakage 
1 
,.A 


CSIAS 
Input Capacitance 
9 
pF 


BANDGAP 
REFERENCE 
CHARACTERISTICS 
(Cl = 220,.F) 


VREFOUT 
Output 
Voltage 
2.85 ± 2% 
V 


dVREF/dT 
Tempco 
(Note 23) 
22 
ppmrc 


Line Regulation 
4.5V < Vcc 
< 5.5V, Il = 4 mA 
2 
5 
mV 


dVREF/dll 
Load RegUlation 
0< 
Il < 4mA 
2 
8 
mV 


0< 
Il < 4 mA; CMJ Suffix 
2 
15 
mV 


-1 
< Il < OmA 
2.5 
mV 


Isc 
Short Circuit Current 
VREFOUT = OV 
12 
mA 


AC ELECTRICAL 
CHARACTERISTICS 


tos 
Data Setup Time 
10 
ns (min) 


tOH 
Data Hold Time 
0 
ns(min) 


tes 
Control 
Setup Time 
111 
ns(min) 


teH 
Control 
Hold Time 
0 
ns(min) 


tMIN 
Clock Frequency 
10 
MHz (max) 


tH 
Minimum 
Clock High Time 
20 
ns(min) 


tl 
Minimum 
Clock Low Time 
40 
ns(min) 


• 


Symbol 


AC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Typical 
(Note 
3) 


Units 


(Limits) 
Limit 
(Note 
4) 


teZ1 
Output 
Hi-Z to Valid 1 
37 
ns(max) 


teza 
Output 
Hi-Z to Valid 0 
42 
ns(max) 


t1H 
cg to Output 
Hi-Z 
10 kO with 60 pF 
130 
ns(max) 


toH 
~ 
to Output 
Hi-Z 
10 kO with 60 pF 
117 
ns(max) 


Nole 1: Absolu1e Maximum Aatings indicate limits beyond which damage to lhe device may occur. Operating 
Aatings indicete conditions 
for which the device is 


functional. 
These ratings do not guarantee 
specific performance 
lim~s, however. 
For guaranteed 
specifications 
and test conditions, 
see the Converter 
Electrical 


Characteristics. 
The guaranteed 
specifications 
apply onty for the test conditions 
listed. Some 
performance 
characteristics 
may degrade 
when the ckMce Is not 


operated 
under the listed test conditk>ns. 


Note 
2: All voltages 
are measured 
with respect 
to ground, unless otherwise 
specified. 


Nole 3: When the input voltage (V,N) at any pin exceeds the power supply ralls (VIN < GND or VIN > V+) the absolute value of current at that pin should ba limited 


to 5 mA or less. 


Note 
4: The sum of the currents 
at all pins that are driven beyond the power supply voltages 
should not exceed 
20 mA. 


Note 
5: 
The 
maximum 
power 
dissipation 
must 
be 
derated 
at 
elevated 
temperatures 
and 
is dictated 
by T Jrnax 
(maximum 
Junction 
temperature), 
0JA 


(package 
junction 
to 
ambient 
thermal 
resistance), 
and 
TA 
(ambient 
temperature). 
The 
maximum 
allowable 
power 
dissipation 
at 
any 
temperature 
is 


PDmax - 
(TJmax - 
TAl/ElJA or the number given in the Absolute 
Maximum Aatings, whichever 
is lower. The table balow details TJmax and ElJA for the various 
packages 
and versions of the DAC0854. 


Part Number 
TJrna.rC) 
ElJArC/W) 


DAC0854BIN, 
DAC0854CIN 
125 
46 
DAC0854BIJ, 
DAC0854CIJ 
125 
53 
DAC0854BIWM, 
DAC0854CIWM 
125 
64 
DAC0854CMJ/883 
150 
53 


Nole 6: Human body model, 100 pF discharged 
through a 1.5 kU resistor. 


Nole 7: see AN450 
"Surface 
Mounting 
Metihods and Their Effect on Production 
Aeliability" 
of the section titied "Surface 
Mount" 
found in any current 
Unear 
Databook 
for other methods 
of soldering surface mount devices. 


Note 
8: Typicals 
are at TJ = 2S·C and represent 
most likely parametric 
norm. 


Nole 9: Um~s ara guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 
10: A monotonicity 
of 8 bits for the DAC0854 
means that the output voltage changes 
in the same direction (or remains constant) 
for each increase 
in the input 
code . 


.Note 11: Integral linearity error is the maximum deviation of the output from the line drawn between 
zero and full~scale (excluding the effects of zero error and full- 


scale error). 


Not~ 12: Full-scale 
error is measured 
as the deviation 
from the ideal 2.800V 
full-scale output when VREF = 2.6S0V 
and VSIAS = 1.400V. 


Note 
13: Full-scale 
error tempeo 
and zero error tempeo 
are defined by the following equation: 


[ 
Error(TMAXl- 
Error (TMIWj [ 
1()6 
j 
Errortempco 
= 
--------- 
----- 
VSPAN 
TMAX - 
TMIN 


where 
Error (T MAX> is the zero error or full-scale error at T MAX (in volts), and Error (T MIN) is the zero error or full-scale 
error at T MIN (in volts); VSPAN is the output 


voltage 
span of the DAC0854, which depends on ValAS and VREF. 


Note 
14: Zero error is measured 
as the deviation 
from the ideal O.310V output when VAEF = 2.650V, 
VSIAS = 1.400V, 
and the dtgital input word is all zeros. 


Note 
15: Power Supply Sensitivity 
is the maximum 
change 
in the offset error or the full-scale 
error when the power supply differs from its optimum 
5V by up to 
0.25V (5%). The load resistor AL ~ 
5 kU. 


Note 
16: Positive or negative 
settling time is defined 
as the time taken for the output of the DAC to settle to its final full-scale or zero output to within ±0.5 
LSB. 


This time shall be referenced 
to the 50% 
point of the positive edge of CS, which initiates the update of the analog outputs. 


Nole 17: Digital' crosstalk 
is the glitch measured on the ou1pu1of one DAC while applying an all Os to all 1s transition 
at the input of the other DACs. 


Nole 18: All DACs have full-scale 
outputs latched and DI is clocked with no update of the DAC outputs. The glitch is then measured on the DAC ou1pu1s. 


Note 19: Clock feedthrough 
is measurud for each DAC ~h 
its output at ful~scale. The serial clock is then applied to the DAC at a frequency 
of 10 MHz and the 


glitch on each DAC full-scale 
ou1pu1is measured. 


Note 
20: Ctlannel-tc>-channel 
isolation is a measure 
of the effect of a change in one DAC's output on the output of another DAC. The VREF of the first DAC is varied 
batween 
1.4V and 2.65V at a frequency 
of 15 kHz while the change in full-scale 
output of the second DAC is measured. The first DAC is loaded ~h 
all Os. 


Note 
21: Glitch energy is the difference 
between 
the positive and negative glitch areas at the output of the DAC when a 1 LSB digital input code change is applied 
to the input. The glitch energy will have its largest value at one of the three major transitions. 
The peak value of the maximum 
glitch is separately 
specified. 


Note 
22: Power Supply Rejection 
Ratio is measured 
by varying AVec 
= DVcc 
between 
4.7SV and 5.25V with a frequency 
of 10kHz 
and measuring 
the proportion 


of this signal imposed 
on a full-scale 
output of the DAC under consideration. 


Nole 23: The bandgap reference 
tempco 
is defined by the following 
equation: 


Tempco 
_ 
[VREF(TMAXI- 
VREFlTMIN») 
[ 
1()6 
) 
VREF (TROOM) 
TMAX - 
TMIN 


where TROOM ~ 25"C, VREF (TMAXI is the reference 
output at TMAX, and similarfy for VREF (TMIW and VREF (TROOM). 


Nole 24: A Military AETS specification 
is available 
upon request. 
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Pin Description 


VOUT1(19) 


VOUT2(1) 


VOUT3(14) 


VOUT4(11) 
VREFOUT(16) 


VSIAS1(2) 


VSIAS2(13) 


DVcc(10) 


AVcc(17) 


The voltage 
output connections 
of the 


four DACS. These 
provide 
output 


voltages 
in the range 0.3V-2.8V. 


The internal 
voltage 
reference 
output. 


The output 
of the reference 
is 2.65V 
± 2%. This pin should 
be bypassed 
with 


a 220 JLF capacitor. 


VSIASl is connected 
to the non-inverting 


inputs of output 
amplifiers 
1 and 2, 


thereby 
setting the virtual ground 


voltage 
for DAC's 
1 and 2, while VSIAS2 


performs 
this function 
for DAC's 3 and 4. 


The allowed 
range is 0.3V -1.4V. 


The system ground 
pin. Connect 
to 
clean ground 
point. 


The digital and analog power supply 


pins. The power supply range of the 


DAC0854 
is 4.5V - 5.5V. To guarantee 


accuracy, 
it is required 
that the AVcc 


and DVcc 
pins be bypassed 
separately 


with bypass capacitors 
of 10 JLF 


tantalum 
in parallel 
with 0.1 JLF ceramic. 


VREF1(18) 


VREF2(20) 


VREF3(15) 


VREF4(12) 
CS(3) 


CLK(5) 


DI(9) 


When this pin is taken low, all DAC outputs 


will be asynchronously 
updated. 
CS must be 


held high during the update. 


The voltage 
reference 
inputs for the four 


DACs. The allowed 
range is OV-2.75V. 


The Chip Select control 
input. This input is 


active low. 


The external 
clock 
input pin. 


The serial data input. The data is clocked 
in 


LSB first. Preceding 
the data byte are 4 or 6 


bits of instructions. 


The serial data output. 
The data can be 


clocked 
out either MSB or LSB first, and on 


either the positive 
or negative 
edge of the 


clock. 


The power interrupt 
output. 
On an 


interruption 
of the power supply, this pin 


goes low. Since this pin has an open drain 


output, 
a 10 kfl 
pull-up resistor 
must be 


connected 
to the supply. 


Applications 
Information 


FUNCTIONAL 
DESCRIPTION 
The DAC0854 is a monolithic quad 8-bit digital-to-analog 
converter that is designed to operate on a single 5V supply. 
Each of the four units is comprised of an input register, a 
DAC register, a shift register, a current output DAC, and an 
output amplifier. In addition, the DAC0854 has an onboard 
bandgap reference and a logic unit which controls the inter- 
nal operation of the DAC0854 and interlaces it to micro- 
processors. 
Each of the four internal 8-bit DACs uses a modified R-2R 
ladder to effect the digital-to-analog conversion (Figure 
5). 


The resistances corresponding to the 2 most significant bits 
are segmented to reduce glitch energy and to improve 
matching. The bottom of the ladder has been modified so 
that the voltage across the LSB resistor is much larger than 
the input offset voltage of the buffer amplifier. The input 
digital code determines the state of the switches in the lad- 
der network. The sum of currents IOUT1and IOUT2is fixed 
and is given by 


I 
+ I 
_ (VREF - VSIAS) 255 
OUT1 
OUT2- 
R 
256 


The current output IOUT2is applied to the internal output 
amplifier and converted to a voltage. The output voltage of 
each DAC is a function of VSIAS,VREF.and the digital input 
word, and is given by 


DATA 
511 
255 
VOUT= 2 (VREF-VSIAS)-- 
+ -VSIAS--VREF 
256 
128 
128 


The output voltage range for each DAC is 0.3V-2.8V. This 
range can be achieved by using the internal 2.65V reference 
and a voltage divider network which provides a VSIASof 
1.40V (Figure 
6). In this case the DAC transfer function is 


(DATA) 
VOUT= 2.5256""" 
+ 0.310 


The output impedance of any ex1ernal reference that is 
used will affect the accuracy of the conversion. In order that 
this error be less than y. LSB, the output impedance of the 
ex1ernalreference must be less than 7.80.. 


10.0k 
VREF1 
• 


VOUT1 


VSI4S1 


~.11' 
VREF2 
- 


VOUT2 


VOUT3 


TUH/11261-17 
FIGURE 
6. Generating 
a VBIAS = 1.40V from the Internal 
Reference 
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Digital Interface 


The 
DAC0854 
has two 
interface 
modes: 
a WRITE 
mode 
and a READ mode. The WRITE 
mode is used to convert 
an 
8·bit 
digital 
input word 
into a voltage. 
The 
READ 
mode 
is 
used to read back the digital data that was sent to one or all 
of the DACs. These 
modes 
are selected 
by the appropriate 
setting 
of the 
RD/WR 
bit, which 
is part of the 
instruction 
byte. The instruction 
byte precedes 
the data byte at the DI 
pin. In both modes, 
a high level on the Start 
Bit (SB) alerts 
the DAC to respond 
to the remainder 
of the input stream. 


Table 
I lists the instruction 
set for the WRITE 
mode 
when 
writing to only a single DAC, and Table 
II lists the instruction 
set for a global 
write. 
The DACs are always 
written 
to LSB 
first. All DACs will be written 
to if the global 
bit (G) is high; 
DAC 1 is written 
to first, then DACs 2, 3 and 4 (in that order). 


If the update 
bit is high, then the DAC output will be updated 
on the rising edge 
of CS; otherwise, 
the new data byte will 
be placed 
only in the input register. 
Chip Select 
(CS) must 
remain 
low for at least one clock 
cycle after the last data bit 
has been entered. 
(See Figures 
1 and 2) 


SB 
RD/WR 
G 
U 
A1 
AO 
Description 
Bit #1 
Bit #2 
Bit #3 
Bit #4 
Bit #5 
Bit #6 


1 
0 
0 
0 
0 
0 
Write DAC 1, no update 
of DAC outputs 


1 
0 
0 
0 
0 
1 
Write DAC 2, no update of DAC outputs 


1 
0 
0 
0 
1 
0 
Write DAC 3, no update 
of DAC outputs 


1 
0 
0 
0 
1 
1 
Write DAC 4, no update 
of DAC outputs 


1 
0 
0 
1 
0 
0 
Write DAC 1, update 
DAC 1 on CS rising edge 


1 
0 
0 
1 
0 
1 
Write DAC 2, update 
DAC 2 on CS rising edge 


1 
0 
0 
1 
1 
0 
Write DAC 3, update 
DAC 3 on CS rising edge 


1 
0 
0 
1 
1 
1 
Write DAC 4, update 
DAC 4 on CS rising edge 


SB 
RD/WR 
G 
U 
Description 
Bit # 1 
Bit #2 
Bit #3 
Bit #4 


1 
0 
1 
0 
Wri1e all DACs, no update 
of outputs 


1 
0 
1 
1 
Write all DACs, update 
all outputs 
on CS rising edge 


Digital Interface 
(Continued) 


Table 
III lists the instruction 
set for the READ 
mode. 
By the 
curs 1 clock 
cycle after the end of the instruction 
byte. One 
appropriate 
setting 
of the global 
(G) and address 
(A 1 and 
can choose 
to read the data back 
MSB first or LSB first by 
AO) bits, one can select 
a specific 
DAC to be read, or one 
setting 
the MIL 
bit. (See Figures 
3 and 4) 


can read all the 
DACs 
in succession. 
starting 
with 
DAC 
1. 
An 
asynchronous 
update 
of all the 
DAC 
outputs 
can 
be 
The 
R/~ 
bit determines 
whether 
the data 
changes 
on the 
achieved 
by taking /ill low. The contents 
of the input regis- 
rising or the falling 
edge of the system 
clock. 
With the R/~ 
ters are loaded 
into the DAC registers, 
with the update 
oc- 
bit high, the data changes 
on the rising edge that occurs 
1'Iz 
curring 
on the 
falling 
edge 
of AU. cg must 
be held 
high 
clock 
cycles 
after the end of the instruction 
byte. With 
the 
during 
an asynchronous 
update. 
R/~ 
bit low. the data changes 
on the falling 
edge 
that oc- 
All DAC registers 
will have their contents 
reset to all zeros 


on power 
up. 


TABLE 
III. READ 
MODE Instruction 
Set 


SB 
RD/WR 
G 
R/F 
MIL 
A1 
AO 
Description 
Bit #1 
Bit #2 
Bit #3 
Bit #4 
Bit #5 
Bit #6 
Bit #7 


1 
1 
0 
0 
0 
0 
0 
Read DAC 1, LSB first, data changes 
on the falling edge 


1 
1 
0 
0 
0 
0 
1 
Read DAC 2, LSB first, data changes 
on the falling edge 


1 
1 
0 
0 
0 
1 
0 
Read DAC 3, LSB first. data changes 
on the falling edge 


1 
1 
0 
0 
0 
1 
1 
Read DAC 4, LSB first, data changes 
on the falling edge 


1 
1 
0 
0 
1 
0 
0 
Read DAC 1, MSB first, data changes 
on the falling edge 


1 
1 
0 
0 
1 
0 
1 
Read DAC 2, MSB first, data changes 
on the falling edge 


1 
1 
0 
0 
1 
1 
0 
Read DAC 3, MSB first, data changes 
on the falling edge 


1 
1 
0 
0 
1 
1 
1 
Read DAC 4, MSB first, data changes 
on the falling edge 


1 
1 
0 
1 
0 
0 
0 
Read DAC 1, LSB first, data changes 
on the rising edge 


1 
1 
0 
1 
0 
0 
1 
Read DAC 2, LSB first, data changes 
on the rising edge 


1 
1 
0 
1 
0 
1 
0 
Read DAC 3, LSB first, data changes 
on the rising edge 


1 
1 
0 
1 
0 
1 
1 
Read DAC 4, LSB first, data changes 
on the rising edge 


1 
1 
0 
1 
1 
0 
0 
Read DAC 1, MSB first, data changes 
on the rising edge 


1 
1 
0 
1 
1 
0 
1 
Read DAC 2, MSB first, data changes 
on the rising edge 


1 
1 
0 
1 
1 
1 
0 
Read DAC 3, MSB first, data changes 
on the rising edge 


1 
1 
0 
1 
1 
1 
1 
Read DAC 4, MSB first, data changes 
on the rising edge 


1 
1 
1 
0 
0 
1 
0 
Read all DACs, LSB first. data changes 
on the falling edge 


1 
1 
1 
0 
1 
1 
0 
Read all DACs, MSB first, data changes 
on the falling edge 


1 
1 
1 
1 
0 
1 
0 
Read all DACs, LSB first. data changes 
on the rising edge 


1 
1 
1 
1 
1 
1 
0 
Read all DACs, MSB first, data changes 
on the rising edge 


Power Fail Function 
Power Supplies 


If a power 
failure 
occurs 
on the system 
using the DAC0854 
The DAC0854 
is designed 
to operate 
from a + 5V (nominal) 
then 
the ififr pin will 
be pulled 
low on the 
next 
power-up 
supply. 
There 
are two supply 
pins, AVec 
and DVcc. 
These 
cycle. To force this output 
high again and reset this flag, the 
pins allow 
separate 
external 
bypass 
capacitors 
for the ana- 
'CS pin will have to be brought 
low. When 
this is done 
the 
log and digital portions 
of the circuit. To guarantee 
accurate 
TNT output 
will be pulled 
high again via an external 
10 kO 
conversions, 
the two supply 
pins should 
each 
be bypassed 
pull-up 
resistor. 
This feature 
may be used by the microproc- 
with 
a 0.1 ,...F ceramic 
capacitor 
in parallel 
with 
a 10 ,...F 
essor 
to discard 
data whose 
integrity 
is in question. 
tantalum 
capacitor. 
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FIGURE 
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Down to Ground 
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General Description 


The DAC0890 
is a complete 
dual 8-bit voltage 
output 
digital- 
to-analog 
converter 
that can operate 
on a single 5V supply. 


It includes 
on-chip 
output 
amplifiers, 
precision 
bandgap 
volt- 
age reference, 
and full microprocessor 
interface. 


Each 
DAC0890 
output 
amplifier 
has two 
externally 
select- 
able output 
ranges, 
OV to 2.55V and OV to 1O.2V. The ampli- 
fiers are internally 
trimmed 
for offset 
and full-scale 
accuracy 
and therefore 
require 
no external 
\Jser trims. 


The DAC0890 
is supplied 
in 20-pin 
ceramic 
DIP package. 


• 
Guaranteed 
monotonic 
over temperature 


• 
Internal 
precision 
bandgap 
reference 


• 
Two calibrated 
output 
ranges; 
2.55V 
and 10.2V 


• 
2 "'S settling 
time for full-scale 
output 
change 


• 
No external 
trims 


• 
Microprocessor 
interface 


Features 


• 
Two 8-bit voltage 
output 
DACs 


• 
4.75V 
to 16.5V single 
operation 


Applications 


• 
Industrial 
processing 
controls 


• 
Automotive 
controls 


• 
Disk drive motor 
controls 


• 
Automatic 
test equipment 


Industrial 
( - 40"C s; TA S; + 8S"C) 


DAC0890CIJ 


Package 


J20ACerdip 
(LSB) 
DBO 
• 
20 
Y+ 


DB' 
2 
19 
SENSE 1 


OB2 
3 
lB 
Your, 


DB3 • 
.7 
SELECT 1 


DB4 
5 
16 
AGIlO 
DACOI90 
DB5 
6 
15 
SELECT 2 


DB6 
7 
14 
Your, 


(WSB) 
OB7 
8 
13 
SENSE 2 


\iiR 
I 
12 
DGHll 


CS1 
10 
11 
CS2 


• 


Absolute Maximum Ratings 
(Notes 
1 & 2) 


If 
MIlitary/Aerospace 
specified 
devices 
are 
required, 
Soldering 
Information 


please 
contact 
the 
National 
Semiconductor 
Sales 
J package 
(10 sec.) 
300"C 


Office/Distributors 
for 
availability 
and 
specifications. 
Storage 
Temperature 
- 65·C to 150"C 


Positive 
Supply Voltage 
(V +) 
20V 
Junction 
Temperature 
(Note 5) 
Voltage 
at Any Pin (Note 3) 
GND 
-0.3toV+ 
+0.3V 


Input Current 
at Any Pin (Note 3) 
5mA 
Operating Ratings 
(Notes 
1 & 2) 


Package 
Input Current 
(Note 4) 
20mA 
Temperature 
Range 


Power Dissipation 
(Note 5) 
1.0W 
TMIN ~ TA ~ TMAX 


ESD Susceptability 
(Note 6) 
2000V 
DAC0890CIJ 
-40·C 
~ TA ~ 
+85·C 


Output 
Short-Circuit 
Protection 
Positive 
Supply Voltage, 
V+ 
4.75 to 16.5V 


Duration 
Indefinite 


Electrical Characteristics 
The following 
specifications 
apply for V+ 
= 
+5VandV+ 
= 
+15V 
and AGND 
= 


DGND = OV, unless otherwise 
specified. 
Boldface 
limits 
apply 
forTA 
= TJ = TUIN to TUAX; all other limits TA = TJ = 25·C. 


Symbol 
Parameter 
Conditions 
Typical 
Umlt 
Units 
(Note 
7) 
(Note 
8) 


Resolution 
8 
Bits(min) 


Monotonicity 
8 
Bit(min) 


Integral 
Linearity 
Error 
±0.16 
±0.5 
LSB(min) 


Fullscale 
Error 
±1.5/±2.5 
LSB(max) 


Zero Error 
±1.0/±2.0 
LSB(max) 


Full Scale DAG-to-DAC 
±0.25 
LSB 
Tracking 
(Note 9) 


Analog 
Crosstalk 
V+ = 15V, 10.2V range 
-74 
dB 
(Note 10) 
V+ = 5V, 2.55V range 
-66 
dB 


Glitch 
Energy 
45 
V-ns 
(Note 11) 


Digital Feedthrough 
60 
V-ns 
(Note 12) 


ts 
Positive 
Output Settling 
CLOAD ~ 500 pF 
2 
IJ-s 


Time (Note 13) 
CLOAD ~ 1000 pF 
3 
IJ-s 


10 
Output Current 
Drive 
(Note 14) 
8 
5/3.5 
mA(min) 
Capability 


Isc 
Output Short Circuit 
V+ 
= 15V 
20 
mA 
Current 
(Note 15) 


PSRR 
Power Supply Rejection 
f < 30Hz 


Ratio 
10.2Vrange 


(Note 16) 
13.5V ~ V+ 
~16.5V 
7 
15 
ppm/% 
(max) 


2.55V range 


13.5V ~ V+ 
~ 16.5V 
4 
58 
ppm/% 
(max) 


4.75V 
~ V+ 
~ 5.25V 
4 
20 
ppm/% 
(max) 
4.75V 
~ V+ 
~ 16.5V 
4 
ppm/% 


Is 
Supply Current 
All Inputs Low 


V+ = 16.5 
25 
30/35 
mA(max) 


V+ = 4.75 
23 
mA 


VILD 
Data Logic Low Threshold 
0.8 
V (max) 


VIHD 
Data Logic High Threshold 
2.0 
V (min) 


Vile 
Control 
Logic Low 
0.8 
V (max) 
Threshold 


Electrical Characteristics 
(Continued) 


The 
following 
specifications 
apply 
for 
V + = 
+5V 
and 
V+ 
= 
+15V 
and 
AGND 
= 
DGND 
= 
OV. 
unless 
otherwise 
specified. 


Boldface 
limits 
apply 
for 
T A = T J = T MIN 
to 
T MAX; 
all 
other 
limits 
T A = T J = 
25"C. 


Symbol 
Parameter 
Conditions 
Typical 
LimIt 
Units 
(Note 
7) 
(Note 
8) 


VIHC 
Control 
Logic 
High 
2.2 
V (min) 
Threshold 


Digital 
Input 
Current 
(Note 
17) 
2.2 
25 
",A 
(max) 


tWR 
Write 
Time 
18 
40 
ns(min) 


tos 
Data 
Setup 
Time 
18 
35 
ns(min) 


tOH 
Data 
Hold 
Time 
3 
ns(max) 


tes 
Control 
Setup 
Time 
18 
40 
ns(min) 


teH 
Control 
Hold 
Time 
0 
ns(max) 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical 
specificetions 
do not apply when operating 


the device beyond its specified operating ratings. Operating Ratings indicate conditions for wh~h the device is functional, 
but do not guarantee performance 
limits. 
For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some 
performance 
characteristics 
may degrade when the device is not operated 
under the listed test conditions. 


Note 2: All voltages 
are measured with respect to AGND, unless otherwise 
specified. 


Note 3: When the input voltage 
(VIN) at any pin exceeds the power supply rails (VIN < AGND or VIN > V +) the absolute value of current at that pin should be 
limited to 5 mA or less. 


Note 4: The sum of the currents at all pins that are driven beyond the power supply voltages 
should not exceed 20 mA. 


Note 5: The maximum power dissipation must be derated at elevated temperatures 
and is dictated by TJMAX, 8JA and the ambient temperature, 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is Po = (TJMAX - TAJI8JA 
or the number 
given in the Absolute 
Maximum 
Ratings, whtchever 
is lower. The 
TJMAXrC) and 8JArC/W) 
for the DAC0890CIJ 
are 125·C and 53'C/W, 
respectively. 


I 
Part Number 
I 
TJIlAXrC) 
I 
8JArC/W) 
I 


I 
DAC0890CIJ 
I 
125 
I 
53 
I 


Note 6: Human body model, 100 pF discharged 
through a 1.5 kn resistor. 


Note 7: Typicals are at 25°C, unless otherwise 
specified, and represent the most likely parametric 
norm. 


Note 8: Guaranteed 
to National's 
AOOL (Average Outgoing Quality Level). 


Note 9: Full scale 
DAC-to-DAC 
Tracking is defined as the change in the vo~age difference 
between the full scale output levels of DAC1 and DAC2. The resu~ is 
expressed 
in LSBs and ~ referred to the full-scale 
voltage difference 
at 25·C. 


Note 10: Analog Crosstalk is a measure of the change in one DAC's full scale output voltage as the second DAC's output voltage changes value. It is measured as 
the vo~age change in one DAC's full scale output voltage divided by the voltage range through which the second DAC's output has changed 
(zero to full scale). 
This ratio is then expressed 
in dB. 


Note 11: Glitch Energy is a worst case measurement, 
over the entire input code range, of transtents that occur when changing code. The positive and negative 
areas of the transient 
waveforms 
are summed together 
to obtain the value listed. 


Note 
12: Digital Feedthrough 
is measured with both DAC outputs latched at full scale and a 2 ns, 5V step applied to all 8 data inputs. This gives the worst case 
digital feedthrough 
for the DAC0890. 


Note 13: Settting Time is specified for a positive full scale step to ± % LSB. Settling time for negative steps will be slower but may be improved with an extemal 
pull-down resistor. Negative settling time to ± '/. LSB can be calculated 
for each range where ts - 
6.23 (CLOAO) (RLOAO/l0 
kn) for the high range and Is ~8.23 
(CLOAD) (RLOAO/2.5 kn) for the low range. 


Note 
14: Output Current Drive Capability is the minimum current that can be sourced by the output amplifiers with less than 'Iz LSB reduction in full scale. Current 
sinking capability 
is provided 
by a passive internal resistance 
of 10 kn in the high range and 2.5 kfl in the low range. 


Note 
15: Output Short Circuit Current is measured with the output at full-scale 
and shorted to AGND. 


Note 16: Power Supply Rejection 
Ratio is a measure of how much the output voltage changes 
(in parts-par-million) 
per change (in percent) in the power suppty 
voltage. 


Note 17: Digital Input Current is measured with OV and V+ 
input levels. The limit specified 
is the higher of these two measurements. 
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Pin Description 
DBO-DB7 (1-8) 
These pins are data inputs for each of the 
internal 8-bit DACs. DBO is the least-sig- 
nificant-bit. 


~ 
(9) 
This is the WRITE command input pin. 
This input is used in conjunction with ~ 
and CS2 to write data into either of the 
internal DACs. The data is latched into a 
selected DAC with the rising edge of ei- 
ther WR or ~ 
for DAC1 or CS2 for 
DAC2, whichever occurs first. 


~ 
(10) 
This is the input pin used to select DAC1. 
This input is used in conjunction with the 
WI'f input to write data into either of the 
internal DACs. The data is latched into 
DAC1 with the rising edge of either CS1 or 
WR, whichever occurs first. 


CS2 (11) 
This is the input pin used to select DAC2. 
This input is used in conjunction with the 
WR input to write data into either of the 
internal DACs. The data is latched into 
DAC2 with the rising edge of either CS2 or 
WR, whichever occurs first. 


DGND (12) 
The system digital ground is connected to 
this pin. For proper operation, this and 
AGND must be connected together. 
SENSE 2 (13) 
DAC2's output sense connection. When 
this pin is connected to the VOUT2's load 
impedance, the feedback loop will com- 
pensate for any voltage drops between 
the VOUT2 pin and the load. 


V+ 


SENSEI 


VOUT1 


SELECT 1 


AGND 


SELECT 2 


VOUT2 


SENSE 2 


DGND 


CS2 


VOUT2(14) 
DAC2's voltage output connection. It pro- 
vides two full-scale output voltage ranges, 
2.55Vand 10.2V. 
SELECT 2 (15) 
The two output voltage ranges available 
from DAC2 are selected by connecting 
this pin to SENSE2 for the 2.55V full-scale 
range and leaving it unconnected for the 
10.2V full-scale range. 


AGND (16) 
The system digital ground is connected to 
this pin. For proper operation, this and 
DGND must be connected together. 


SELECT 1 (17) 
The two output voltage ranges available 
from DAC1 are selected by connecting 
this pin to SENSE1 for he 2.55V full-scale 
range and leaving it unconnected for the 
10.2V full-scale range. 


VOUT1(18) 
DAC1's voltage output connection. It pro- 
vides two full-scale output voltage ranges, 
2.55V and 10.2V. 


SENSE 1 (19) 
DAC1's output sense connection. When 
this pin is connected to the VOUT1's load 
impedance, the feedback loop will com- 
pensate for any voltage drops between 
the VOUT1 pin and the load. 


V+ (20) 
The power supply voltage, ranging from 
4.75V to 16.5V, is applied to this pin. It 
should be bypassed, to AGND, with a 0.01 
- 
0.1 ",F ceramic capacitor in parallel 


with a 2.2 - 
22 ",F electroly1iccapacitor. 


Functional Description 


The DAC0890 
is a monolithic 
dual 8-bit bipolar 
Digital-to-An- 
alog 
converter 
comprising 
six major 
functional 
blocks 
de- 
signed 
to operate 
on a single 
supply 
as low as 5V (±5%). 


These 
include 
two latch/DAC 
combinations, 
two high-speed 
output 
amplifiers, 
band-gap 
reference, 
and control/interlace 
logic. 


The two internal 
8-bit DACs use equal valued 
current 
sourc- 
es. Controlled 
by a corresponding 
bit in the input data, each 
current 
source's 
output 
is switched 
into either an R/2R 
lad- 
der or AGND. 
Each internal 
DAC has an 8-bit latch to store 
a digital 
input. See Figure 
1. 


The high-speed 
output 
amplifiers 
operate 
in the non-invert- 
ing mode. The R-2R's 
output 
current 
is applied 
to the output 
amplifier 
and converted 
to a voltage. 
The amplifier's 
gain is 


externally 
set through 
the range 
select 
pin. The two ranges 
are OV to 2.55V and OV to 10.2V. The internal 
resistors 
that 
set the 
gain are matched 
to the 
unit resistor 
of the 
R/2R 
ladder. 
This 
ensures 
that 
these 
resistors 
match 
over 
pro- 
cess variations 
and temperature. 
This greatly 
reduces 
gain 
variations 
that would 
exist 
if external 
gain setting 
resistors 
were used. 


An internal 
band-gap 
reference 
and its control 
amplifier 
gen- 
erate a full scale reference 
voltage 
for the DACs. 
It produc- 
es a 1.2V output 
from a single 
supply. 


The DAC0890 
provides 
a TTL and CMOS-compatible 
con- 
trol interlace 
and allows writing and latching 
digital values 
to 
each of the internal 
DACs. 


SENSE 


SElECT 


Applications 
Information 
Full-scale Output Voltage Range Selection 
The DAC0890 has been designed for ease of use. All refer- 
ence voltage and output amplifier connections are internal. 
All trims such as full-scale (gain) and zero (offset) are per- 
formed during manufacturing. Therefore, no external trim- 
ming is required to achieve the specified accuracy. The only 
external connections required select the desired full-scale 
output voltage range. 
The two full-scale output voltage ranges are selected by 
connecting SENSE, SELECT and VOUT as shown in Figure 
2a, b. The 2.55V range can be used with supply voltages as 
low as 4.75V. The 10.2V range can be selected with sup- 
plies as low as 12.0V. 


from 
R- 
2R ladder 
output 


TL/H/l0592-8 
FIGURE 2a. OVto 2.55V Output Voltage Range 


From 
R- 2R ladder 
output 


19(13) 


SELECT 


17(15) 


AGND 


TLIH/10592-9 
FIGURE 2b. OVto 10.2V Output Voltage Range 


Power Supply Voltage 


The DAC0890 is designed to operate on a single power 
supply voltages + 4.75V and + 16.5V. For 2.55V full-scale 
operation the power supply voltage can be as low as 
+4.75V. When the 10.2V full-scale is used the supply volt- 
age needs to be between + 12V to + 16.5V. 


Grounding and Power Supply 
Bypassing 
Proper grounding is essential to extract all the precision and 
full rated performance that the DAC0890 is capable of deliv- 
ering. Typical applications for the DAC0890 include opera- 
tion with a microprocessor. In this environment digital noise 
is prevalent and anticipated. Therefore, special care must 
be taken to ensure that proper operation will be achieved. 
The DAC0890 uses two ground pins, AGND and DGND, to 
minimize ground drops and noise in the analog signal paths. 
Figure 3 details the proper bypassing and ground connec- 
tions. 
The DAC0890's best performance can be ensured by con- 
necting 0.01 /LFto 0.1 /LFceramic capacitor in parallel with 
an electrolytic of 2.2 I'-F to 22 /LF between the V+ pin and 
AGND. 


Sense Inputs 
The SENSE inputs (pins 13 and 19) allow compensation for 
voltage drops in long output lines to remote loads. This 
places the drops in the internal amplifier's feedback loop. 
An example of this is shown in Figure 3. The I-R drop, which 
might be caused by printed circuit board traces or long ca- 
bles, between the VOUT2 and the load impedance RL is 
placed inside the feedback loop if SENSE1 is connected 
directly to the load. This forces the voltage at the load to be 
the correct value. It is important to remember that the volt- 
age at the DAC0890's VOUT pins may become higher than 
the full-scale output voltage selected using the SELECT 
pins. Therefore, the power supply voltage applied to V+ 
must be ~ 2.2V above the resulting output voltage (at pins 
14 and 18) when the SENSE inputs are used. 
The SENSE inputs have a finite input impedance. The 
range-setting resistors load the output with 2.5 kO when the 
OVto 2.55V range is selected and 10 kO when the OV to 
10.2V range is selected. 
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FIGURE 3. Typical Connection Showing Power Supply 
Bypassing, and the Use of SENSE Inputs 
• 


Minimizing Settling Time 


The 
DAC0890's 
output 
stage 
uses a passive 
pull-down 
re- 
sistor to achieve 
single supply operation 
and an output 
volt- 
age range 
that includes 
ground. 
This results 
in a negative- 
going 
settling 
time 
that 
is longer 
than 
the 
settling 
time 
or 
positive-going 
signals. 
The actual 
settling 
time is dependant 
on the load resistance 
and capacitance. 
If available, 
a nega- 


tive power 
supply can be used to improve 
the negative 
set- 


tling 
time 
by connecting 
a pull down 
resistor 
between 
the 
output 
and the negative 
supply. 
The resistor's 
value 
is cho- 


sen so that the current 
through 
the pull down 
resistor 
is not 


greater 
than 
0.5 
mA when 
the 
output 
voltage 
is OV. See 


Figure 4. 


TUH/10592-11 
FIGURE 
4. Improving 
Negative 
Slew Rate 


Bipolar Operation 


While 
the 
DAC0890 
was 
designed 
to operate 
on a single 


positive 
supply 
voltage 
and generate 
a unipolar 
output 
volt- 


age, bipolar 
operation 
is still possible 
if a negative 
supply 
is 


available 
or added. 
As shown 
in Figure 5, the output voltage 


LII385-1.2V 


O~ 


is offset 
and scaled 
to achieve 
a -1.27V 
to + 1.28V output 
range with the addition 
of a -5V 
supply. The required 
offset 
is generated 
with an LM385-1.2V 
reference. 
The external 
output 
amplification 
is provided 
by the LMC660. 
The output 
voltage 
is generated 
with a complementary 
binary offset 
in- 
put code. 


Microprocessor 
Interface 


When 
interfacing 
with a microprocessor, 
the 
DAC0890 
ap- 


pears as a two byte write-only 
memory 
location 
for memory 
mapped 
and I/O 
mapped 
input-output. 
Each of the internal 
DACs is chosen 
through 
one of the two chips 
selects, 
CS1 
or CS2. The action 
of the control 
signals 
is detailed 
in Table 
I. The data is latched 
on the rising 
edge of either 
Chip Se- 
lect or WR, whichever 
occurs 
first for a given selected 
DAC. 


For interfacing 
ease, 
WR can be tied low and ~ 
or CS2 
can be used to latch the data. 
Both 
DACs can be updated 
simultaneously 
by pulling 
both 
~ 
and CS2 low. 
Further 
versatility 
is provided 
by the ability 
of WR and ~ 
and/or 
CS2 to be tied together. 


TABLE 
I. DAC0890 
Control 
Logic Truth Table 


Input 
WR 
CS 
DAC Data 


Latch 


Data 
Condition 


0 
0 
0 
0 
"transparent" 


1 
0 
0 
1 
"transparent" 


0 
t 
0 
0 
latching 


1 
t 
0 
1 
latching 


0 
0 
t 
0 
latching 


1 
0 
t 
1 
latching 


X 
1 
X 
previous 
data 
latching 


X 
X 
1 
previous 
data 
latching 


X 
1 
1 
previous 
data 
latching 


OUTPUT 
-1.27V to 
+1.28V 


-5V 


FIGURE 
5. Bipolar 
Operation 


~National 
Semiconductor 


DAC1006/DAC1007/DAC1008 
p,P Compatible, 
Double-Suffered 
D to A Converters 
General Description 


The DAC10061718 
are advanced 
CMOS/Si-Cr 
10-,9- 
and 
8-bit accurate 
multiplying 
DACs which 
are designed 
to inter- 
face directly 
with the 8080, 8048, 8085, l-80 
and other pop- 


ular microprocessors. 
These 
DACs appear 
as a memory 
lo- 
cation 
or an 1/0 port to the ",P and no interfacing 
logic 
is 
needed. 


These 
devices, 
combined 
with 
an 
external 
amplifier 
and 


voltage 
reference, 
can be used as standard 
01A converters; 
and 
they 
are 
very 
attractive 
for 
multiplying 
applications 
(such as digitally 
controlled 
gain blocks) 
since their linearity 
error 
is essentially 
independent 
of the 
voltage 
reference. 


They 
become 
equally 
attractive 
in audio 
signal 
processing 
equipment 
as audio 
gain controls 
or as programmable 
at- 
tenuators 
which 
marry 
high quality 
audio 
signal 
processing 
to digitally 
based 
systems 
under 
microprocessor 
control. 


All of these 
DACs are double 
buffered. 
They can load all 10 
bits or two 
8-bit 
bytes 
and the data 
format 
is left justified. 


The analog 
section 
of these 
DACs 
is essentially 
the same 
as that of the DAC1020. 


The DAC1006 
series 
are the 10-bit members 
of a family 
of 
microprocessor-compatible 
DAC's 
(MICRO-DACTM'S). 
For 
applications 
requiring 
other resolutions, 
the DAC0830 
series 
(8 bits) and the DAC1208 
and DAC1230 
(12 bits) are avail- 


able alternatives. 


Part II 
Accuracy 
Pin 
Description 
(bits) 


DAC1006 
10 
For left- 
DAC1007 
9 
20 
justified 


DAC1008 
8 
data 


Features 


• 
Uses 
easy 
to 
adjust 
END 
POINT 
specs, 
NOT 
BEST 
STRAIGHT 
LINE FIT 


• 
Low power 
consumption 
• 
Direct 
interface 
to all popular 
microprocessors 


• 
Integrated 
thin film on CMOS 
structure 


• 
Double-buffered, 
single-buffered 
or flow 
through 
digital 
data 
inputs 


• 
Loads two 8-bit bytes 
or a single 
10-bit word 


• 
Logic 
inputs 
which 
meet 
TTL voltage 
level 
specs 
(1.4V 


logic threshold) 


• 
Works 
with 
± 10V reference-full 
4-quadrant 
multiplica- 


tion 


• 
Operates 
STAND 
ALONE 
(without 
",P) if desired 


• 
Available 
in 0.3" 
standard 
20-pin 
package 


• 
Differential 
non-linearity 
selection 
available 
as 
special 


order 


Key Specifications 


• 
Output 
Current 
Settling 
Time 


• 
Resolution 


• 
Linearity 


500 ns 


10 bits 


10,9, 
and 8 bits 


(guaranteed 
over temp.) 


-0.0003% 
of FSfOC 


20 mW 


• 
Gain Tempco 
• 
Low Power 
Dissipation 
(including 
ladder) 


• 
Single 
Power 
Supply 


M 
I 
C 
Ao 


~ 
~DAT. 
8U$~ 


S 
DBD 


LSB 


w- 


Byte 1/Byte 2 


XFER 


• NOTE: FOR DETAILS OF BUS 
CONNECTION 
SEE SECTION 6.0 


TLiH/5688-1 


Absolute Maximum Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
ESD Susceptibility 
(Note 11) 
800V 


please 
contact 
the 
National 
Semiconductor 
Sales 
Lead Temp. 
(Soldering, 
10 seconds) 
Office/Distributors 
for 
availability 
and 
specifications. 
Dual-In-Line 
Package 
(plastic) 
260'C 


Supply Voltage 
(Vccl 
17VDC 
Dual-In-Line 
Package 
(ceramic) 
300'C 


Voltage 
at Any Digital Input 
Vccto 
GND 
Operating 
Ratings 
(Note 1) 
Voltage 
at VREF Input 
±25V 


Storage 
Temperature 
Range 
- 65'C to + 150'C 
Temperature 
Range 
TMIN ~ TA ~ TMAX 


Package 
Dissipation 
at TA = 25'C 
(Note 3) 
500mW 
Part numbers 
with 
"LCN" 
and "LCWN" 
suffix 
0'Ct070'C 
DC Voltage 
Applied 
to IOUT1 or IOUT2 
Voltage 
at Any Digital Input 
VcctoGND 
(Note 4) 
-100 
mVto 
Vcc 


Electrical Characteristics 


Tested 
at Vcc 
= 
4.75 VDC and 15.75 VDC, TA = 25'C, 
VREF= 
10.000 VDC unless 
otherwise 
noted 


See 
Vcc=12Voc±5% 
Vcc=5Voc±5% 
Parameter 
Conditions 
Note 
to 15Voc±5% 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Resolution 
10 
10 
bits 


Linearity 
Error 
Endpoint 
adjust only 
4,7 
TMIN<TA<TMAX 
6 
-10V~VREF~+10V 
5 
DAC1006 
0.05 
0.05 
%ofFSR 
DAC1007 
0.1 
0.1 
%ofFSR 
DAC1008 
0.2 
0.2 
%ofFSR 


Differential 
Endpoint 
adjust only 
4,7 
Nonlinearity 
TMIN<TA<TMAX 
6 
-10V~VREF~ 
+ 10V 
5 
DAC1006 
0.1 
0.1 
% ofFSR 
DAC1007 
0.2 
0.2 
%ofFSR 
DAC1008 
0.4 
0.4 
% ofFSR 


Monotonicity 
TMIN<TA<TMAX 
4,6 


-10V~VREF~ 
+ 10V 
5 
DAC1006 
10 
10 
bits 
DAC1007 
9 
9 
bits 
DAC1008 
8 
8 
bits 


Gain Error 
Using internal 
RIb 


-10V~VREF~ 
+ 10V 
5 
-1.0 
±0.3 
1.0 
-1.0 
±0.3 
1.0 
%ofFS 


Gain Error Tempco 
TMIN<TA<TMAX 
6 
Using internal 
RIb 
9 
-0.0003 
-0.001 
-0.0006 
-0.002 
% of FSrC 


Power Supply 
All digital inputs 
Rejection 
latched 
high 
Vcc= 
14.5V to 15.5V 
0.003 
0.008 
% FSRIV 
11.5Vto 
12.5V 
0.004 
0.010 
% FSRIV 
4.75V to 5.25V 
0.033 
0.10 
% FSRIV 


Reference 
Input 
Resistance 
10 
15 
20 
10 
15 
20 
kO 


Output 
Feedthrough 
VREF = 20Vp_p, f= 
100 kHz 
Error 
All data inputs 
90 
90 
mVp_p 
latched 
low 


Output 
IOUT1 
All data inputs 
60 
60 
pF 
Capacitance 
IOUT2 
latched 
low 
250 
250 
pF 
IOUT1 
All data inputs 
250 
250 
pF 
IOUT2 
latched 
high 
60 
60 
pF 


Supply Current 
Drain 
TMIN~TA~TMAX 
6 
0.5 
3.5 
0.5 
3.5 
mA 


Electrical Characteristics 


Tested 
at Vcc 
= 
4.75 Voc 
and 15.75 Voc, 
TA = 25°C, VREF= 10.000 
Voc 
unless 
otherwise 
noted 
(Continued) 


See 
Vcc=12Voc±5% 
Vcc=5Voc±5% 
Parameter 
Conditions 
Note 
to 15Voc±5% 
Units 


Min. 
Typ. 
Max. 
Min. 
Typ. 
Max. 


Output 
Leakage 
TMIN,;;TA,;;TMAX 
6 


Current 
IOUT1 
All data inputs 
latched 
low 
10 
200 
200 
nA 


IOUT2 
All data inputs 


latched 
high 
200 
200 
nA 


Digital Input 
TMIN,;;TA,;;TMAX 
6 


Voltages 
Low level 
LCN and LCWM suffix 
0.8,0.8 
0.7,0.8 
Voc 


High level (all parts) 
2.0 
2.0 
Voc 


Digital Input 
TMIN,;;TA,;;TMAX 
6 


Currents 
Digital inputs 
<0.8V 
-40 
-150 
-40 
-150 
,...Aoc 


Digital inputs> 
2.0V 
1.0 
+10 
1.0 
+10 
,...Aoc 


Current 
Settling 
ts 
VIL =OV, VIH=5V 
500 
500 
ns 
Time 


Write and XFER 
tw 
VIL =OV, VIH=5V, 
Pulse Width 
TA=25°C 
8 
150 
60 
320 
200 
ns 
TMIN,;;TA,;;TMAX 
9 
320 
100 
500 
250 
ns 


Data Set Up Time 
tos 
VIL =OV, VIH=5V, 
TA=25°C 
9 
150 
80 
320 
170 
ns 


TMIN,;;TA,;;TMAX 
320 
120 
500 
250 
ns 


Data Hold Time 
tOH 
VIL =OV, 
VIH=5V 
TA=25°C 
9 
200 
100 
320 
220 
ns 


TMIN,;;TA,;;TMAX 
250 
120 
500 
320 
ns 


Control 
Set Up 
les 
VIL =OV, VIL =5V, 
Time 
TA=25°C 
9 
150 
60 
320 
180 
ns 


TMIN,;;TA,;;TMAX 
320 
100 
500 
260 
ns 


Control 
Hold Time 
tCH 
VIL =OV, VIH=5V, 


TA=25°C 
9 
10 
0 
10 
0 
ns 


TMIN,;;TA,;;TMAX 
10 
0 
10 
0 
ns 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 


the device beyond its specified 
operating 
conditions. 


Not8 2: All voltages 
are measured with respect to GND, unless otherwise 
specified. 


Not8 3: This 500 mW specification 
applies for all packages. The low intrinstc power dissipation of this part (and the fact that there is no way to significantly 
modify 
the power dissipation) 
removes concern 
for heat sinking. 


Note 4: For current 
switching 
applications, 
both IOUT1 and IOUT2 must go to ground or the "Virtual 
Ground" 
of an operational 
amplifier. 
The linearity error is 


degraded 
by approximately 
VOS-:-VREF. For example, if VREF=10V 
then a 1 mV offset, Vas, on IOUT1or IOUT2will introduce an additional 
0.01% linearity error. 


Note 5: Guaranteedat VREF~± 10 Voc and VREF=± 1 Voc. 
Note 6: TMIN ~ O·Cand TMAX ~ 700Cfor "LCN" and "LCWM" suffixparts. 


Note 7: The unit "FSR" 
stands for "Full Scale Range." "Linearity 
Error" and "Power Supply Rejection" 
specs are based on this unit to eliminate dependence 
on a 
particular 
VREF value and to indicate 
the true performance 
of the part. The "Linearity 
Error" 
specification 
of the DAC1006 
is "0.05% 
of FSR (MAX)." 
This 


guarantees 
that after performing 
a zero and full scale adjustment 
(see Sections 
2.5 and 2.6), the plot of the 1024 analog voltage 
outputs will each be within 


0.05% x VREF of a straight line which passes through zero and full scale. 


Note 8: This specification 
implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320 ns. A typical part will operate with tw 


of only 100 ns. The entire write pulse must occur within the valid data interval for the specified 
two tos, tDH. and 15 to apply. 


Note 9: Guaranteed 
by design but not tested. 


Note 10:A 200 nA leakagecurrentwith Rfb~20K andVREF~10Vcorrespondsto a zero errorof (2ooX10-9x20x1()3)X1oo..-10 
which is 0.04% of FS. 


Note 1t: Humanbody model,100pF dischargedthrougha 1.5kn resistor. 
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0 
0) 
(20-Pln 
Parts) 
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TL/H/5688-5 
DAC1006/1007/1008-Simple Hookup for a "Quick Look" 


+~VDC'" 


SWI 


+~ 


swz 
DAC1006 
DAC1D07 
DAC100a 


_ 
LSI 
15 
'A 
TOTAL 
OF 
10 
INPUT 
SWITCHES 
& 1 K RESISTORS 


o VDC •• VDUT •• + VREF ~) 


4 


Not.a: 


1. For VREF= -10.240 
Voc the output voltage steps are approximately 
10 mV each. 


2. SW1 is a normally closed switch. While SW1 is closed. the DAC register is latched and new data 


can be loaded into the input latch via the 10 SW2 switches. 


When SW1 is momentarily 
opened the new data is transferred 
from the input latch to the DAC register and is latched when SWl again closes. 
III 


1.0 DEFINITION OF PACKAGE PINOUTS 


1.1 Control Signals (All control signals are level actuated.) 
CS: Chip Select - 
active low, it will enable WR. 


WR: Write - 
The active low WR is used to load the digital 
data bits (DI) into the input latch. The data in the input latch 
is latched when WR is high. The 10-bit input latch is split 
into two latches; one holds 8 bits and the other holds 2 bits. 
The Byte1/Byte2 control pin is used to select both input 
latches when Byte1/Byte2 = 1 or to overwrite the 2-bit input 
latch when in the low state. 
Byte1/Byte2: 
Byte Sequence Control- 
When this control 
is high, all ten locations of the input latch are enabled. When 
low, only two locations of the input latch are enabled and 
these two locations are overwritten on the second byte 
write. On the DAC1006, 1007, and 1008, the Byte1/Byte2 
must be low to transfer the 10-bit data in the input latch to 
the DAC register. 
XFER: Transfer Control Signal, active low - 
This signal, in 
combination with others, is used to transfer the 10-bit data 
which is available in the input latch to the DAC register - 
see timing diagrams. 


1.2 Other Pin Functions 
011(I=0 to 9): Digital Inputs - 
Dlo is the least significant bit 
(LSB) and Dig is the most significant bit (MSB). 


IOUT1:DAC Current Output 1 - 
IOUT1is a maximum for a 
digital input code of all 1s and is zero for a digital input code 
of all Os. 


IOUT2:DAC Current Output 2 - 
IOUT2is a constant minus 
IOUT1,or 


I 
I 
1023 VREF 
OUT1+ OUT2- 
1024 R 


where R "" 15 k!l.. 


RFB: Feedback Resistor - 
This is provided on the IC chip 
for use as the shunt feedback resistor when an external op 
amp is used to provide an output voltage for the DAC. This 
on-chip resistor should always be used (not an external re- 
sistor) because it matches the resistors used in the on-chip 
R-2R ladder and tracks these resistors over temperature. 


VREF:Reference Voltage Input - 
This is the connection for 
the external precision voltage source which drives the R-2R 
ladder. VREFcan range from -10 to + 10 volts. This is also 
the analog voltage input for a 4-quadrant multiplying DAC 
application. 
Vcc: Digital Supply Voltage - 
This is the power supply pin 
for the part. Vcc can be from + 5 to + 15 Voc. Operation is 
optimum for + 15V. The input threshold voltages are nearly 
independent of Vcc. (See Typical Performance Characteris- 
tics and Description in Section 3.0, T2L compatible logic 
inputs.) 
GND: Ground - 
the ground pin for the part. 


1.3 Definition of Terms 
Resolution: Resolution is directly related to the number of 
switches or bits within the DAC. For example, the DAC1006 
has 210 or 1024 steps and therefore has 10-bit resolution. 
Linearity 
Error: Linearity error is the maximum deviation 
from a straight 
line passing 
through 
the 
endpoints 
of the 
DAG transfer 
characteristic. 
It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 
National's linearity test (a) and the "best straight line" test 
(b) used by other suppliers are illustrated below. The "best 
straight line" requires a special zero and FS adjustment for 
each part, which is almost impossible for user to determine. 
The "end point test" uses a standard zero and FS adjust- 
ment procedure and is a much more stringent test for DAC 
linearity. 
Power Supply Sensitivity: 
Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output (which is the worst case). 


Settling Time: Settling time is the time required from a code 
transition until the DAC output reaches within ± % LSB of 
the final output value. Full-scale settling time requires a zero 
to full-scale or full-scale to zero output change. 
Full-Scale Error: Full scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1006 series, full-scale is VREF-1 LSB. 
For VREF= -10V 
and 
unipolar 
operation, 
VFULL-SCA- 
LE= 10.0000V - 9.BmV= 9.9902V. Full-scale error is adjust- 
able to zero. 
Monotonlclty: 
If the output of a DAC increases for increas- 


ing digital input code, then the DAC is monotonic. A 10-bit 
DAC with 10-bit monotonicity will produce an increasing an- 
alog output when all 10 digital inputs are exercised. A 10-bit 
DAC with 9-bit monotonicity will be monotonic when only 
the most significant 9 bits are exercised. Similarly, B-bit 
monotonicity is guaranteed when only the most significant B 
bits are exercised. 


2.0 DOUBLE BUFFERING 


These DACs are double-buffered, microprocessor compati- 
ble versions of the DAC1020 10-bit multiplying DAC. The 
addition of the buffers for the digital input data not only al- 
lows for storage of this data, but also provides a way to 
assemble the 10-bit input data word from two write cycles 
when using an B-bit data bus. Thus, the next data update for 
the DAC output can be made with the complete new set of 
10-bit data. Further, the double buffering allows many DACs 
in a system to store current data and also the next data. The 
updating of the new data for each DAC is also not time 
critical. When all DACs are updated, a common strobe sig- 
nal can then be used to cause all DACs to switch to their 
new analog output levels. 


3.0 TTL COMPATIBLE LOGIC INPUTS 
To guarantee TIL voltage compatibility of the logic inputs, a 
novel bipolar (NPN) regulator circuit is used. This makes the 
input logic thresholds equal to the forward drop of two di- 
odes (and also matches the temperature variation) as oc- 
curs naturally in TIL. The basic circuit is shown in Figure 
1. 


A curve of digital input threshold as a function of power 
supply voltage is shown in the Typical Performance Charac- 
teristics section. 


4.0 APPLICATION HINTS 
The DC stability of the VREFsource is the most important 
factor to maintain accuracy of the DAC over time and tem- 
perature changes. A good single point ground for the analog 
signals is next in importance. 


These MICRO-DAC converters are CMOS products and 
reasonable care should be exercised in handling them prior 
to final mounting on a PC board. The digital inputs are pro- 
tected, but permanent damage may occur if the part is sub- 
jected to high electrostatic fields. Store unused parts in con- 
ductive foam or anti-static rails. 


4.1 Power Supply Sequencing & Decoupling 
Some IC amplifiers draw excessive current from the Analog 
inputs to V- 
when the supplies are first turned on. To pre- 
vent damage to the DAC- 
an external Schottky diode con- 


nected from IOUT1or IOUT2to ground may be required to 
prevent destructive currents in IOUT1or IOUT2.If an LM741 
or LF356 is used - 
these diodes are not required. 


The standard power supply decoupling capacitors which are 
used for the op amp are adequate for the DAC. 


13++VTHN) 


./ 
VIlAS 
(TO OTHER INPUTS) 


lOGIC INPUT 


o S·.VTHRESHOlO = 241 


FIGURE 1. Basic Logic Threshold Loop 
• 


4.2 Op Amp Bias Current" 
Input Leads 
The op amp bias current (IB)CAN CAUSE DC ERRORS. BI- 
FETTMop amps have very low bias current, and therefore 
the error introduced is negligible. BI-FET op amps are 
strongly recommended for these DACs. 


The distance from the IOUT1pin of the DAC to the inverting 
input of the op amp should be kept as short as possible to 
prevent inadvertent noise pickup. 


5.0 ANALOG APPLICATIONS 
The analog section of these DACs uses an R-2R ladder 
which can be operated both in the current switching mode 
and in the voltage switching mode. 
The major product changes (compared with the DAC1020) 
have been made in the digital functioning of the DAC. The 
analog functioning is reviewed here for completeness. For 
additional analog applications, such as multipliers, attenua- 
tors, digitally controlled amplifiers and low frequency sine 
wave oscillators, refer to the DAC1020 data sheet. Some 
basic circuit ideas are presented in this section in addition to 
complete applications circuits. 


5.1 Operation In Current Switching Mode 
The analog circuitry, Figure 2, consists of a silicon-chromi- 
um (Si-Cr) thin film R-2R ladder which is deposited on the 
surface oxide of the monolithic chip. As a result, there is no 
parasitic diode connected to the VREFpin as would exist if 
diffused resistors were used. The reference voltage input 
(VREF)can therefore range from -10V 
to + 10V. 


The digital input code to the DAC simply controls the posi- 
tion of the SPDT current switches, SWOto SW9. A logical 1 
digital input causes the current switch to steer the avail- 


able ladder current to the IOUT1output pin. These MOS 
switches operate in the current mode with a small voltage 
drop across them and can therefore switch currents of ei- 
ther polarity. This is the basis for the 4-quadrant multiplying 
feature of this DAC. 


5.1.1 Providing a Unipolar Output Voltage with the 
DAC In the Current Switching Mode 


A voltage output is provided by making use of an external 
op amp as a current-to-voltage converter. The idea is to use 
the internal feedback resistor, RFB, from the output of the 
op amp to the inverting (-) 
input. Now, when current is 
entered at this inverting input, the feedback action of the op 
amp keeps that input at ground potential. This causes the 
applied input current to be diverted to the feedback resistor. 
The output voltage of the op amp is forced to a voltage 
given by: 


VOUT= -(IOUT1 XRFB) 
Notice that the sign of the output voltage depends on the 
direction of current flow through the feedback resistor. 
In current switching mode applications, both current output 
pins (I0UT1and IOUT2)should be operated at 0 Voc. This is 
accomplished as shown in Figure 3. The capacitor, Ce, is 
used to compensate for the output capacitance of the DAC 
and the input capacitance of the op amp. The required feed- 
back resistor, RFB'is available on the chip (one end is inter- 
nally tied to IOUT1)and must be used since an external 
resistor will not provide the needed matching and tempera- 
ture tracking. This circuit can therefore be simplified as 
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shown in Figure 4, where the sign of the reference voltage 
has been changed to provide a positive output voltage. Note 
that the output current, IOUT1,now flows through the RFB 
pin. 


5.1.2 Providing a Bipolar Output Voltage with the 


DAC In the Current Switching Mode 


The addition of a second op amp to the circuit of Figure 
4 
can be used to generate a bipolar output voltage from a 
fixed reference voltage Figure 5. This, in effect, gives sign 
significance to the MSB of the digital input word to allow two 
quadrant multiplication of the reference voltage. The polarity 
of the reference can also be reversed to realize the full four- 
quadrant mUltiplication. 
The applied digital word is offset binary which includes a 
code to output zero volts without the need of a large valued 
resistor common to existing bipolar multiplying DAC circuits. 
Offset binary code can be derived from 2's complement 
data (most common for signed processor arithmetic) by in- 
verting the state of the MSB in either software or hardware. 
After doing this the output then responds in accordance to 
the following expression: 


2'. Compo 
2'. Compo 


(Decimal) 
(Binary) 


+511 
0111111111 
+ 256 
0100000000 


o 
0000000000 


-1 
1111111111 


- 256 
1100000000 


-512 
1000000000 


with: 1 LSBJVREFI 
512 


Applied 
Digital Input 


1111111111 
1100000000 
1000000000 
0111111111 
0100000000 
0000000000 


vcc 


I + 15VOC) 


where VREFcan be positive or negative and D is the signed 
decimal equivalent of the 2's complement processor data. 
(-512" 
D" + 511 or 1000000000"D,,0111111111). 
If the 


applied digital input is interpreted as the decimal equivalent 
of a true binary word, VOUTcan be found by: 


(D-512) 
VO=VREF ---s12 
0"D,,1023 


With this configuration, only the offset voltage of amplifier 1 
need be nulled to preserve linearity of the DAC. The offset 
voltage error of the second op amp has no effect on lineari- 
ty. It presents a constant output voltage error and should be 
nulled only if absolute accuracy is needed. Another advan- 
tage of this configuration is that the values of the external 
resistors required do not have to match the value of the 
internal DAC resistors; they need only to match and temper- 
ature track each other. 
A thin film 4 resistor network available from Beckman Instru- 
ments, Inc. (part no. 694-3-R10K-D) is ideally suited for this 
application. Two of the four available 10 kfi resistor can be 
paralleled to form R in Figure 5 and the other two can be 
used separately as the resistors labeled 2R. 


Operation is summarized in the table below: 


Applied 
True Binary 
(Decimal) 


1023 
768 
512 
511 
256 
o 


+VAEF 


VREF-1 LSB 
VREF/2 
o 
-1 
LSB 
-VREF/2 
-VREF 


-VAEF 


-IVREFI + 1 LSB 


-IVREFI/2 


o 


+1 LSB 
+IVREFI/2 
+IVREFI 


• 


•••• 
"'J' 
._-_ 
•••• 
_.- 
••••••• 
~•• """ 
•••• ,J 
important things to remember when using the DAC in the 
voltage mode. The reference voltage (+ V) must always be 
positive since there are parasitic diodes to ground on the 


IOUT1 pin which would turn on if the reference voltage went 
negative. To maintain a degradation of linearity less than 
±O.005%, keep +V 
,;; 3 Voc and Vcc at least 10V more 
positive than +V. Figures 6 and 7 show these errors for the 
voltage switching mode. This operation appears unusual, 
since a reference voltage (+ V) is applied to the IOUT1 pin 
and the voltage output is the VREFpin. This basic idea is 
shown in Figure 
8. 


This VOUT 
range can be scaled by use of a non-inverting 
gain stage as shown in Figure 
9. 
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code of all zeros, the output voltage from the VREFpin is 
zero volts. The external op amp now has a single input of 
+V and is operating with a gain of - 1 to this input. The 
output of the op amp therefore will be at - V for a digital 
input of all zeros. As the digital code increases, the output 
voltage at the VREFpin increases. 
Notice that the gain of the op amp to voltages which are 
applied to the (+) 
input is + 2 and the gain to voltages 
which are applied to the input resistor, R, is -1. The output 
voltage of the op amp depends on both of these inputs and 
is given by: 
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FIGURE 
11. Increasing 
the Output 
Voltage 
Swing 


The 
output 
voltage 
swing 
can 
be expanded 
by adding 
2 
resistors 
to Figure 
10 as shown 
in Figure 
11. These 
added 


resistors 
are used to attenuate 
the + V voltage. 
The overall 


gain, Av( -), 
from 
the +V terminal 
to the output 
of the op 


amp determines 
the most negative 
output 
voltage, 
- 4( +V) 


(when 
the VREF voltage 
at the + input 
of the 
op amp 
is 


zero) with the component 
values 
shown. 
The complete 
dy- 


namic 
range 
of VaUT is provided 
by the gain from the (+) 


input of the op amp. As the voltage 
at the VREF pin ranges 


from 
OV to + V(l 023/1 024) the output 
of the op amp 
will 
range 
from 
-10 
Voc 
to + 10V (1023/1024) 
when 
using 
a 


+ V voltage 
of + 2.500 Voc. The 2.5 Voc reference 
voltage 


can 
be easily 
developed 
by using 
the 
LM336 
zener 
which 


can be biased 
through 
the RFB internal 
resistor, 
connected 


to Vcc. 


5.3 Op Amp 
Vos Adjust 
(Zero 
Adjust) 
for Current 


Switching 
Mode 


Proper 
operation 
of the 
ladder 
requires 
that 
all of the 
2R 
legs always 
go to exactly 
0 Voc 
(ground). 
Therefore 
offset 


voltage, 
Vas, 
of the external 
op amp cannot 
be tolerated 
as 


every millivolt 
of Vas will introduce 
0.01 % of added 
linearity 


error. At first this seems 
unusually 
sensitive, 
until it becomes 


clear the 1 mV is 0.01 % of the 10V reference! 
High resolu- 


tion converters 
of high accuracy 
require 
attention 
to every 
detail in an application 
to achieve 
the available 
performance 


which 
is inherent 
in the part. To prevent 
this source 
of error, 


the Vas 
of the op amp has to be initially 
zeroed. 
This is the 


"zero 
adjust" 
of the DAC calibration 
sequence 
and should 


be done first. 


If the Vas is to be adjusted 
there are a few points to consid- 


er. Note that 
no "dc 
balancing" 
resistance 
should 
be used 


in the grounded 
positive 
input lead of the op amp. This re- 


sistance 
and the input current 
of the op amp can also create 


errors. 
The low input biasing 
current 
of the BI-FET op amps 


makes 
them ideal for use in DAC current 
to voltage 
applica- 


tions. 
The 
Vas 
of the 
op amp 
should 
be adjusted 
with 
a 


digital input of all zeros to force 
laUT = 0 mA. A 1 kfi resistor 


can 
be temporarily 
connected 
from 
the 
inverting 
input 
to 


ground 
to provide 
a dc gain of approximately 
15 to the Vas 


of the op amp and make the zeroing 
easier 
to sense. 


5.4 Full-Scale 
Adjust 


The full-scale 
adjust 
procedure 
depends 
on the application 


circuit 
and 
whether 
the 
DAC 
is operated 
in the 
current 


switching 
mode 
or in the 
voltage 
SWitching 
mode. 
Tech- 


niques 
are given 
below 
for all of the 
possible 
application 
circuits. 


5.4.1 Current 
Switching 
with 
Unipolar 
Output 
Voltage 


After 
doing a "zero 
adjust," 
set all of the digital 
input levels 


HIGH and adjust 
the magnitude 
of VREF for 


1023 
VaUT= 
-(ideal 
VREF) 1024 


This completes 
the DAC calibration. 
• 


5.4.2 Current Switching with Bipolar Output Voltage 


The circuit of Figure 
12 shows the 3 adjustments needed. 


The first step is to set all of the digital inputs LOW (to force 
IOUT1to 0) and then trim "zero adj." for zero volts at the 
inverting input (pin 2) of OA1. Next, with a code of all zeros 
still applied, adjust "-FS 
adj.", the reference voltage, for 
VOUT= ± I(ideal VREF)I.The sign of the output voltage will 
be opposite that of the applied reference. 
Finally, set all of the digital inputs HIGH and adjust" + FS 
adj." for VOUT=VREF (511/512). The sign of the output at 
this time will be the same as that of the reference voltage. 
The addition of the 2000 resistor in series with the VREFpin 
of the DAC is to force the circuit gain error from the DAC to 
be negative. This insures that adding resistance to RIb,with 
the 5000 pot, will always compensate the gain error of the 
DAC. 


5.4.3 Voltage Switching with a Unipolar Output Voltage 


Refer to the circuit of Figure 
13 and set all digital inputs 
LOW. Trim the "zero adj." for VOUT=O Voc±1 
mY. Then 
set all digital inputs HIGH and trim the "FS Adj." for: 


( 
R,)1023 
VOUT=(+V) 
1+- 
-- 
R2 1024 


5.4.4 Voltage Switching with a Bipolar Output Voltage 
Refer to Figure 
14 and set all digital inputs LOW. Trim the 
"-FS 
Adj." for VOUT= -2.5 Voc. Then set all digital inputs 
HIGH and trim the "+FS 
Adj." for VOUT= +2.5 (511/512) 
Voc. Test the zero by setting the MS digital input HIGH and 
all the rest LOW. Adjust Vos of amp #3, if necessary, and 
recheck the full-scale values. 


vcc 


( +15Vocl 


vour 


ovoc < Your < 2.5YOC(, +1l)(HH) 


6.0 DIGITAL 
CONTROL 
DESCRIPTION 


The 
DAC1006 
series 
of products 
can 
be used 
in a wide 


variety 
of operating 
modes. 
Most of the options 
are shown 


in Table 
1. Also shown 
in this table are the section 
numbers 


of this 
data 
sheet 
where 
each 
of the 
operating 
modes 
is 


discussed. 
For example, 
if your 
main interest 
in interfacing 


to a J.LPwith an B-bit data bus you will be directed 
to Section 


6.1.0. 


The first consideration 
is "will the DAC be interfaced 
to a J.LP 


with an B-bit or a 16-bit data bus or used in the stand-alone 
mode?" 
For the B-bit data bus, a second 
selection 
is made 


on how the 2nd digital data buffer 
(the DAC Latch) is updat- 


ed by a transfer 
from 
the 
1st digital 
data 
buffer 
(the Input 


Latch). Three 
options 
are provided: 
1) an automatic 
transfer 


when 
the 2nd data byte is written 
to the DAC, 2) a transfer 


which 
is under 
the control 
of the J.LPand can include 
more 


than 
one 
DAC 
in a simultaneous 
transfer, 
or 3) a transfer 


which 
is under the control 
of extemallogic. 
Further, 
the data 


format 
can be either 
left justified 
or right justified. 


When 
interfacing 
to a J.LPwith 
a 16-bit 
data 
bus only 
two 


selections 
are available: 
1) operating 
the DAC with a single 


digital data buffer 
(the transfer 
of one DAC does not have to 


be synchronized 
with 
any 
other 
DACs 
in the 
system), 
or 


Data Bus 


B-Bit Data Bus (6.1.0) 


Left Justified 
(6.1.1) 


2) operating 
with 
a double 
digital 
data 
buffer 
for 
simulta- 


neous 
transfer, 
or updating, 
of more than one DAC. 


For operating 
without 
a J.LPin the stand 
alone 
mode, 
three 


options 
are provided: 
1) using only a single digital data buff- 


er, 2) using both digital data buffers - 
"double 
buffered," 
or 


3) allowing 
the input digital data to "flow 
through" 
to provide 


the analog 
output 
without 
the use of any data latches. 


To reduce 
the required 
reading, 
only the applicable 
sections 


of 6.1 through 
6.4 need be considered. 


6.1 Interfacing 
to an 8-Blt 
Data Bus 


Transferring 
10 bits of data 
over an B-bit bus requires 
two 


write cycles 
and provides 
four possible 
combinations 
which 


depend 
upon two basic data format 
and protocol 
decisions: 


1. Is the 
data 
to be left justified 
(considered 
as fractional 


binary data with the binary 
point to the left) or right justi- 


fied (considered 
as binary weighted 
data with the binary 


point to the right)? 


2. Which 
byte will be transferred 
first, the 
most 
significant 


byte (MS byte) or the least significant 
byte (LS byte)? 


J.LPControl 
Transfer 


Section 
Figure 
No. 


Flow Through 


Not Applicable 


Flow Through 


NA 
• 


These data possibilities are shown in Figure 
15. Note that 
the justification of data depends on how the 10-bit data 
word is located within the 16-bit data source (CPU) register. 
In either case, there is a surplus of 6 bits and these are 
shown as "don't care" terms (" x ") in this figure. 
All of these DACs load 10 bits on the 1st write cycle. A 
particular set of 2 bits is then overwritten on the 2nd write 
cycle, depending on the justification of the data. For all left 
justified data options, the 1st write cycle must contain the 
MS or Hi By1edata group. 


6.1.1 For Left Justified Data 


For applications which require left justified data, DAC1006- 
1008 can be used. A simplified logic diagram which shows 
the external connections to the data bus and the internal 
functions of both of the data buffer registers (Input Latch 
and 
DAC 
Register) 
is 
shown 
in 
Figure 
16. These 


parts require the MS or Hi By1edata group to be transferred 
on the 1st write cycle. 


6.2 Controlling 
Data Transfer for an 8-Blt Data Bus 
Three operating modes are possible for controlling the 
transfer of data from the Input Latch to the DAC Register, 
where it will update the analog output voltage. The simplest 
is the automatic transfer mode, which causes the data 
transfer to occur at the time of the 2nd write cycle. This is 
recommended when the exact timing of the changes of the 
DAC analog output are not critical. This typically happens 
where each DAC is operating individually in a system and 
the analog updating of one DAC is not required to be syn- 
chronized to any other DAC. For synchronized DAC updat- 
ing, two options are provided: JLPcontrol via a common 
XFER strobe or external update timing control via an exter- 
nal strobe. The details of these options are now shown. 


TUH/5688-16 
FIGURE 15. Fitting a lO-Bit Data Word Into 16 Available Bit Locations 
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6.2.1 Automatic Transfer 
This makes use of a double byte (double precision) write. 
The first byte (8 bits) is strobed into the input latch and the 
second byte causes a simultaneous strobe of the two re- 
maining bits into the input latch and also the transfer of the 
complete 10-bit word from the input latch to the DAC regis- 
ter. This is shown in the following timing diagram; the point 
in time where the analog output is updated is also indicated 
on this diagram. 
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6.2.2 Transfer Using ,...PWrite Stroke 
The input latch is loaded with the first two write'strobes. The 
XFrn signal is provided by external logic,,as shown below, 
to cause the transfer to be accomplished on a third write 
strobe. This is shown in the following diagram: 
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6.2.3 Transfer Using an External Strobe 
This is similar to the previous operation except the XFER 
signal is not provided by the ,...P.The timing diagram for this 
is: 
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6.3 Interfacing to a 16-Blt Data Bus 
The interface to a 16-bit data bus is easily handled by con- 
necting to 10 of the available bus lines. This allows a wiring 
selected right justified or left justified data format. This is 
shown in the connection diagram of Figure 
17, where the 


use of DB6 to DB15 gives left justified data operation. Note 
that any part number can be used and the Byte1/Byte2 con- 
trol should be wired Hi. 
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Three operating modes are possible: flow through, single 
buffered, or double buffered. The timing diagrams for these 
are shown below: 


6.3.1 Single Buffered 
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6.3.2 Double Buffered 
DAC100611007/1008 (2o-Pln Parts) 
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6.4 Stand Alone Operation 
For applications for a DAC which are not under fLPcontrol 
(stand alone) there are two basic operating modes, single 
buffered and double buffered. The timing diagrams for these 
are shown below: 


6.4.1 Single Buffered 
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6.4.2 Double Buffered 
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7.0 MICROPROCESSOR 
INTERFACE 


The 
logic 
functions 
of the 
DAC1006 
family 
have 
been 
ori- 


ented towards 
an ease of interface 
with all popular 
,...Ps.The 


following 
sections 
discuss 
in detail 
a few 
useful 
interface 


schemes. 


The circuit 
will perform 
an automatic 
transfer 
of the 
10 bits 


of output 
data from the CPU to the DAC register 
as outlined 


in Section 
6.2.1, "Controlling 
Data Transfer 
for an a-Bit Data 


Bus." 


Since 
a double 
byte write 
is necessary 
to control 
the DAC 


with the INS80aOA. 
a possible 
instruction 
to achieve 
this is a 


PUSH of a register 
pair onto a "stack" 
in memory. 
The 16- 


bit register 
pair word will contain 
the 10 bits of the eventual 


DAC input data in the proper 
sequence 
to conform 
to both 


7.1 DAC1001/112 
to INS8080A 
Interface 


Figure 
18 
illustrates 
the 
simplicity 
of 
interfacing 
the 


DAC1006 
to an INSaOaOA based 
microprocessor 
system. 


NOTE: DOUBLE BYTE STORES CAN BE USED. 
e.g. THE INSTRUCTION 
SHLD FOO1STORES THE L 


REG INTO B1 AND THE H REG INTO B2 AND 


TRANSFERS 
THE RESULT TO THE DAC REGISTER. 


THE OPERAND 
OF THE SHLD INSTRUCTION 
MUST 


BE AN ODD ADDRESS 
FOR PROPER TRANSFER. 
• 


the requirements of the DAC (with regard to left justified 
data) and the implementation of the PUSH instruction which 
will output the higher order byte of the register pair (i.e., 
register B of the BC pair) first. The DAC will actuallYappear 
as a two-byte "stack" in memory to the CPU. The auto-dec- 
rementing of the stack pointer during a PUSH allows using 
address bit 0 of the stack pointer as the Byte1IByte2 and 
)(FER strobes if bit 0 of the stack pointer address - 1, 
(SP-1). 
is a "1" as presented to the DAC. Additional ad- 
dress decoding by the DM8131 will generate a unique DAC 
chip select (CS) and synchronize this CS to the two memory 
write strobes of the PUSH instruction. 


To reset the stack pointer so new data may be output to the 
same DAC. a POP instruction followed by instructions to 
insure that proper data is in the DAC data register pair be- 
fore it is "PUSHED" to the DAC should be executed, as the 
POP instruction will arbitrarily alter the contents of a register 
pair. 


Another double byte write instruction is Store Hand L Direct 
(SHLD), where the HL register pair would temporarily con- 
tain the DAC data and the two sequential addresses for the 
DAC are specified by the instruction op code. The auto in- 
crementing of the DAC address by the SHLD instruction 
permits the same simple scheme of using address bit 0 to 
generate the byte ,numberand transfer strobes. 


7.2 DAC1006 to MC6820/1 PIA Interlace 
In Figure 
19the DAC1006 is interfaced to an M6800 system 
through an MC6820/1 
Peripheral Interface Adapter (PIA). In 
this case the CS pin of the DAC is grounded since the PIA is 
already mapped in the 6800 system memory space and no 
decoding is necessary. Furthermore, by using both Ports A 
and B of the PIA the 10-bit data transfer, assumed left 
justified again in two 8-bit bytes, is greatly simplified. The 
HIGH byte is loaded into Output Register A (ORA) of the 


PIA, and the LOW byte is loaded into ORB. The 10-bit data 
transfer to the DAC and the corresponding analog output 
change occur simultaneously upon CB2 going LOW under 
program control. The 10-bit data word in the DAC register 
will be latched (and hence Your will be fixed) when CB2 is 
brought back HIGH. 
If both output ports of the PIA are not available, it is possible 
to interface the DAC1006 through a single port without 
much effort. However, additional logic at the CB2(or CA2) 
lines or access to some of the 6800 system control lines will 
be required. 


7.3 Noise Considerations 


A typical digital! microprocessor bus environment is a tre- 
mendous potential source of high frequency noise which 
can be coupled to sensitive analog circuitry. The fast edges 
of the data and address bus signals generate frequency 
components of 10's of megahertz and can cause noise 
spikes to appear at the DAC output. These noise spikes 
occur when the data bus changes state or when data is 
transferred between the latches of the device. 


In low frequency or DC applications, low pass filtering can 
reduce these noise spikes. This is accomplished by over- 
compensating the DAC output amplifier by increasing the 
value of the feedback capacitor (Ce in Figure 
3). 


In applications requiring a fast transient response from the 
DAC and op amp, filtering may not be feasible. Adding a 
latch, DM74LS374, as shown in Figure 
20 isolates the de- 
vice from the data bus, thus eliminating noise spikes that 
occur every time the data bus changes state. Another meth- 
od for eliminating noise spikes is to add a sample and hold 
after the DAC op amp. This also has the advantage of elimi- 
nating noise spikes when changing digital codes. 
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7.4 Digitally 
Controlled 
Ampllfler/Attenuator 


An unusual application of the DAC, Figure 
21, applies the 


input voltage via the on-chip feedback resistor. The lower 
op amp automatically adjusts the VREFINvoltage such that 
IOUT1is equal to the input current (VIN/Rfs). The magnitude 
of this VREFINvoltage depends on the digital word which is 
in the DAC register. IOUT2then depends upon both the 
magnitude of VIN and the digital word. The second op amp 
converts IOUT2to a voltage, VOUT,which is given by: 


( 
1023-N) 
VOUT=VIN --N-- 
,where O<N:5:1023. 


Note that N= 0 (or a digital code of all zeros) is not allowed 
or this will cause the output amplifier to saturate at either 
±VMAX, depending on the sign of VIN. 
To provide a digitally controlled divider, the output op amp 
can be eliminated. Ground the IOUT2pin of the DAC and 
VOUTis now taken from the lower op amp (which also drives 
the VREFinput of the DAC).The expression for VOUTis now 
given by 


VOUT= - VIN where M=Digital input (expressed as a 
M fractional binary number). 


O<M<1. 


• 


Accuracy 
Temperature 
Range 


O"to +70"C 


0.05% 
(10-bit) 
DAC1006LCN 
DAC1006LCWM 


0.10% 
(9-bit) 
DAC1007LCN 


0.20% 
(8-bit) 
DAC1008LCN 


Package 
Outline 
N20A 
M20B 


OAC1020/0AC1 021/0AC1 022 
10-Bit Binary Multiplying 01A Converter 
OAC 1220/0AC1222 
12-Bit Binary Multiplying 01A Converter 


General Description 
The DAC1020 and the DAC1220 are, respectively, 10 and 
12-bit binary multiplying digital-to-analog converters. A de- 
posited thin film R-2R resistor ladder divides the reference 
current and provides the circuit with excellent temperature 
tracking characteristics (0.0002%/"C linearity error temper- 
ature coefficient maximum). The circuit uses CMOS current 
switches and drive circuitry to achieve low power consump- 
tion (30 mW max) and low output leakages (200 nA max). 
The digital inputs are compatible with DTLfTIL 
logic levels 
as well as full CMOS logic level swings. This part, combined 
with an external amplifier and voltage reference, can be 
used as a standard Df A converter; however, it is also very 
attractive for multiplying applications (such as digitally con- 
trolled gain blocks) since its linearity error is essentially in- 
dependent of the voltage reference. All inputs are protected 
from damage due to static discharge by diode clamps to V+ 
and ground. 
This part is available with 10-bit (0.05%), 9-bit (0.10%), and 
8-bit (0.20%) non-linearity guaranteed over temperature 


(note 
1 
of 
electrical 
characteristics). 
The 
DAC1020, 


DAC1021 and DAC1022 are direct replacements for the 10- 
bit resolution AD7520 and AD7530 and equivalent to the 
AD7533 family. The DAC1220 and DAC1222 are direct re- 
placements for the 12-bit resolution AD7521 and AD7531 
family. 


Features 
• 
Linearity specified with zero and full-scale adjust only 
• 
Non-linearity guaranteed over temperature 
• 
Integrated thin film on CMOS structure 
• 
10-bit or 12-bit resolution 
• 
Low power dissipation 10 mW @15Vtyp 
• 
Accepts variable or fixed reference -25V,;;VREF,;;25V 
• 
4-quadrant multiplying capability 
• 
Interfaces directly with DTL, TIL and CMOS 
• 
Fast settling time--500 ns typ 
• 
Low feedthrough error-V. 
LSB @100 kHz typ 
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Temperature 
Range 
O"Cto70'C 
-40"Cto 
85'C 
0.05% 
DAC1020LCN 
AD7520LN,AD7530LN 
DAC1020LCV 
DAC1020LlV 
Non- 
0.10% 
DAC1021LCN 
AD7520KN,AD7530KN 
Linearity 
0.20% 
DAC1022LCN 
AD7520JN,AD7530JN 


Package Outline 
N16A 
V20A 


Temperature 
Range 
O'Cto 70'C 
-40'Cto 
+85'C 


Non- 
I 
0.05% 
DAC1220LCN 
I 
AD7521LN,AD7531LN 
DAC1220LCJ 
I 
AD7521LD,AD7531LD 
Linearity 
I 
0.20% 
DAC1222LCN 
I 
AD7521JN,AD7531JN 
DAC1222LCJ 
I 
AD7521JD,AD7531JD 


Package Outline 
N18A 
J18A 


• 


Absolute Maximum Ratings 
(Note 5) 


If MIlitary/Aerospace 
specified devices are required, 


please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors for availability and specifications. 


V+ 
toGnd 
17V 


VREF to Gnd 
± 25V 


Digital Input Voltage 
Range 
V+ 
to Gnd 


DC Voltage 
at Pin 1 or Pin 2 (Note 3) 
-100 
mV to V + 


Storage 
Temperature 
Range 
- 65'C to + 150'C 


Lead Temperature 
(Soldering, 
10 sec.) 


Dual-In-Line 
Package 
(plastic) 


Dual-In-Line 
Package 
(ceramic) 


ESD Susceptibility 
(Note 4) 


Operating 
Ratings 
Mln 
Max 
Units 
Temperature (TA) 


DAC1020LlV. 
DAC1220LCJ, 


DAC1222LCJ 
-40 
+85 
·c 


DAC1020LCN. 
DAC1020LCV, 


DAC1021LCN 
0 
+70 
·c 


DAC1022LCN, 
DAC1220LCN 
0 
+70 
·c 


DAC1222LCN 
0 
+70 
'C 


260'C 
300'C 


800V 


DAC1020, DAC1021, 
DAC1220, DAC1222 
Parameter 
Conditions 
DAC1022 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Resolution 
~ 
10 
12 
Bits 


Linearity 
Error 
TMIN<TA<TMAX, 


-10V<VREF< 
+ 10V. 
r: 


(Note 1) End Point Adjustment 
Only 


(See Linearity 
Error in Definition 
of Terms) 


1O-Bit Parts 
DAC1020. 
DAC1220 
0.05 
0.05 
%FSR 


9-Bit Parts 
DAC1021 
0.10 
0.10 
%FSR 


8-Bit Parts 
DAC1022, 
DAC1222 
0.20 
0.20 
%FSR 


Linearity 
Error Tempco 
-10V,;;VREF';; 
+ 10V, 
0.0002 
0.0002 
% FSrC 


(Notes 
1 and 2) 


Full-Scale 
Error 
-10V,;;VREF';; 
+ 10V, 
0.3 
1.0 
0.3 
1.0 
%FS 


(Notes 
1 and 2) 


Full-Scale 
Error Tempco 
TMIN <TA <T MAX. 
. 


0.001 
0.001 
% FSrC 


(Note 2) 


Output 
Leakage 
Current 
TMIN,;;TA,;;TMAX 


lOUT 1 
All Digital Inputs Low 
200 
200 
nA 


IOUT2 
All Digital Inputs High 
200 
200 
nA 


Power Supply Sensitivity 
All Digital Inputs High. 
0.005 
0.005 
% FSIV 
14V,;;V+,;; 
16V. (Note 2), 


(Figure 2) 


VREF Input Resistance 
10 
15 
20 
10 
15 
20 
kO 


Full-Scale 
Current 
Settling 
RL = 
1000 
from 0 to 99.95% 


Time 
FS 
oj;; 
"-:' 


All Digital Inputs Switched 
500 
500 
ns 
Simultaneously 
, 


VREF Feedthrough 
All Digital Inputs Low. 
10 
10 
mVp-p 


VREF=20 
Vp-p 
@ 100 kHz 
'r 


J Package 
(Note 4) 
6 
9 
6 
9 
mVp-p 
N Package 
2 
5 
2 
5 
mVp-p 


Output 
Capacitance 


lOUT 1 
All Digital Inputs Low 
40 
40 
pF 
All Digital Inputs High 
200 
200 
pF 


loUT2 
All Digital Inputs Low 
200 
200 
pF 


All Digital Inputs High 
40 
40 
pF 


Electrical Characteristics 
(V+ 
= 15V. VREF = 10.000V. 
TA = 25°C unless otherwise 
specified) 
(Continued) 


DAC1020,DAC1021, 
DAC1220,DAC1222 
Parameter 
Conditions 
DAC1022 
Units 


Min 
Typ 
Max 
Mln 
Typ 
Max 


Digital Input 
(Figure 
1) 


Low Threshold 
TMIN <TA <T MAX 
0.8 
0.8 
V 


High Threshold 
TMIN<TA<TMAX 
2.4 
2.4 
V 


Digital Input Current 
TMIN,:;TA,:;TMAX 


Digital Input High 
1 
100 
1 
100 
IJoA 


Digital Input Low 
-50 
-200 
-50 
-200 
IJoA 


Supply Current 
All Digital Inputs High 
0.2 
1.6 
0.2 
1.6 
mA 


All Digital Inputs Low 
0.6 
2 
0.6 
2 
mA 


Operating 
Power Supply 
(Figures 
1and 2) 
5 
15 
5 
15 
V 


Range 


Note 
1: VREF= ±10V 
and VREF= ±1V. 
A linearity error temperature 
coefficient 
of 0.0002% 
FS for a 45°C rise only guarantees 
0.009% 
maximum 
change in 


linearity error. For instance, 
if the linearity error at 2~C 
is 0.045% 
FS it could increase to 0.054% 
at 7O"C and the DAC will be no longer a 10wbit part. Note, 


however. 
that the linearity error is specified 
over the device full temperature 
range which is a more stringent 
specification 
since it includes 
the linearity error 
temperature 
coefficient. 


Note 2: Using internal feedback 
resistor as shown in Figure 3. 


Note 3: Both lOUT 1 and lOUT 2 must go to ground or the virtual ground of an operational 
amplifier. If VREF= 10V, every millivolt offset between 
lOUT 1 or lOUT 2, 


0.005% 
linearity error will be introduced. 


Note 4: Human body model, 100 pF discharged 
through a 1.5 kO resislor. 


Note 5: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical 
specifications 
do not apply when operating 
the device beyond its specified 
operating conditions. 


Note 6: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJMAX, 8JA, and the ambient temepature. 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is Po = 
(TJMAX - 
TJJJI8JA 
or the number grven in the Absolute 
Maximum 
Ratings, whichever 
is lower. For this 


device, TJMA)( - 
125·C, and the typical junction-Ie-ambient 
thermal resistance 
of the J18 package when board mounted is 85·C/W. 
For the N18 package. 8JA is 
12f1'C/W, for the N16this 
number is 125·C/W. 
and for the V20 this number is 95·C/W. 


Typical Performance Characteristics 
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TA - TEMPERATURE 
(OC) 
V+ (VOLTS) 


TL/H/5689-2 


FIGURE 
1. Digital 
Input 
Threshold 
vs 
FIGURE 
2. Gain Error 
Variation 
vs V+ 


Ambient 
Temperature 
• 


Connect all digital inputs. A1-A 10, to ground and adjust the 
potentiometer to bring the op amp VOUTpin to within ± 1 
mV from ground potential. If VREFis less than 10V, a finer 
Vos adjustment is required. It is helpful to increa~e the reso- 
lution of the Vos adjust procedure by connecting a 1 kO 
resistor between the inverting input of the op amp to 
ground. After Vos has been adjusted, remove the 1 kO. 


Full-Scale Adjust (Figure 4) 


Switch high all the digital inputs, A1-A10, and measure the 
op amp output voltage. Use a 5000 
potentiometer, as 
shown, to bring IIVOUTII to a voltage equal to VREF X 
1023/1024. 


Operational Amplifier Bias Current (Figure 3) 


The op amp bias current, Ib, flows through the 15k internal 
feedback resistor. BI-FET op amps have low Ib and, there- 
fore, the 15k x Ib error they introduce is negligible; they are 
strongly recommended for the DAC1020 applications. 


Vos Considerations 
The output impedance, ROUT.of the DAC is modulated by 
the digital input code which causes a modulation of the op- 
erational amplifier output offset. It is therefore recommend- 
ed to adjust the op amp Vos. ROUTis - 15k if more than 4 
digital inputs are high; ROUTis - 45k if a single digital input 
is high, and ROUTapproaches infinity if all inputs are low. 


Circuit Settling 
Circuit Small 
OpAmpFamlly 
CF 
RI 
P 
Vw 
Tlme,t. 
SlgnalBW 


LF357 
10 pF 
2.4k 
25k 
V+ 
1.5 "'S 
1M 
LF356 
22 pF 
00 
25k 
V+ 
3 "'S 
0.5M 
LF351 
24pF 
00 
10k 
V- 
4 "'S 
0.5M 
LM741 
0 
00 
10k 
V- 
40 "'S 
200 kHz 


( 
Al 
A2 
A3 
A10) 
VOUT= 
-VAEF 
-+-+-+ 
•••- 
2 
4 
8 
1024 


-10V,,; 
VREF ,,; 10V 


1023 
0,,; 
VOUT ,,; - 
1024 VREF 


where AN = 1 if the AN digital input is high 


AN ~ 0 ~ the AN digital input is low 


FIGURE 3. Basic Connection: Unipolar or 2-Quadrant Multiplying 
Configuration 
(Digital Attenuator) 


RfS2501 
FULl·SCALE 
DECREASE 


DIGITAL 
WORD A 


• MS. 
UB 


A1 
A2 
A3 A4 
Ai 
A6 
A7 
A' 
A9 AIO 


DIGITAL 
WORD. 


MS. 
lU' 
AI 
A2 
A3 
A4 
A5 
AI 
A7 
A' 
AI 
A1. 


(A1 
A2 
A3 
A10) 
VOUT1=-VREF 
-+-+-+ 
•••-- 
2 
4 
B 
1024 


(A1 
A2 
A3 
A10) 
(81 
82 
83 
810) 
V0UT2=VREF 
-+-+-+ 
•••-- 
X -+-+-+ 
•••-- 
2 
4 
B 
1024 
2 
4 
B 
1024 


where VREF can be an AC signal 


( 
A1 
A2 
A10 
1) 
VOUT= 
-VREF 
-+-+ •••+--- 
2 
4 
1024 
1024 


where: AN - 
+ 1 if AN input is high 


AN ~ 
-1 
~ AN input is low 


COMPLEMENTARY 
OFFSET 
BINARY 
(BIPOLAR) 
OPERATION 


DIGITAL 
INPUT 
VOUT 


0 0 0 0 0 0 0 0 0 0 
+VREF 
0 0 0 0 0 0 0 0 0 1 
VREFX 1022/1024 
0 1 1 1 1 1 1 1 1 1 
VREFX 2/1024 
1 0 0 o 0 0 0 0 0 0 
0 
1 0 0 o 0 0 0 0 0 1 
-VREF X 2/1024 
1 1 1 1 1 1 1 1 1 1 -VREF (1022/1024) 


Note that: 


VREF 
(1023) 
• laUT1 + laUT2 = --- 
X 
-- 
RLADDER 
1024 
• By doubling the output range we get half the 
resolution 


• The 10M resistor, adds a 1 LSB "thump", to 
allow full offset binary operation where the out- 
put reaches zero for the half-scale code. If 
symmetrical output excursions are required, 
omit the 10M resistor. 


a) 
Switch all the digital inputs high; adjust the Vas potenti- 
ometer of op amp B to bring its output to a value equal 
to-(VREF/1024) M. 


b) 
Switch the MSB high and the remaining digital inputs 
low. Adjust the Vas potentiometer of op amp A, to bring 
its output value to within a 1 mV from ground potential. 
For VREF< 10V, a finer adjust is necessary, as already 
mentioned in the previous application. 


DIGITAL 
INPUT 
VOUT 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
VREFX 1022/1024 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-VREF 


Is - 
1.8/Ls 


use LM336 for a voltage 
reference 


Assuming that the external 10k resistors are matched to 
better than 0.1%, the gain adjust of the circuit is the same 
with the one previously discussed. 


R2 
A 
- 


• 
R4 ~ (2Av- 
- 
1) R'Ai" 
= Av-V _ l' 


R3 + R111R2~ R; Av- 
~ VOUTlPEAKl, R = 20k 
VREF 


• 
Example: VREF ~ 2V, VOUT (swing) 
•• 
± 10V: Av- 
= 5V 


Then R4 ~ 9R, R1 ~ 0.8 R2. If R1 ~ 0.2R then R2 = 0.25R, 


R3 ~ O.64R 


FIGURE 
9. Bipolar Configuration 
wIth 
Increased Output Swing 


v 
_ 
-VAEF 


OUT- 
(~+ 
~ 
+ ~ 
+ ... ~) 
2 
4 
8 
1024 


where: 
VREF can be an AC signal 


• By connecting 
the 
DAC in the feedback 
loop of an opera- 
tional 
amplifier 
a linear 
digitally 
control 
gain 
block 
can 
be 
realized 


• Note that with all digital 
inputs 
low, the gain of the amplifier 
is infinity, that is, the op amp will saturate. 
In other words, we 
cannot 
divide the VREF by zero! 


FIGURE 10. Analog-ta-Dlgital 
Divider 
(or Digitally 
Gain Controlled 
Amplifier) 


[ 


~+~+ 
+_AWj 
2 
4 
1024 
(1023-N) 
VOUT~ VAEF -A1--A2---+-A-10- 
orVOUT - 
VAEF --N- 
-+-+ 
2 
4 
1024 


where: 0 " N " 1023 


N = 0 for· AN = all zeros 


N ~ 1 forA10 = 1,A1-A9 
~ 0 


N ~ 1023 for AN ~ 8111'. 
FIOURE 
11. D1gltlllly controlled 
Ampllfler-Attenuator 


3-89 


" 
" • " 
A1 
•• 
I " 
"AI 
, " 
21 I 


•• 
.5 
I " 
IS 
•• 
•• I 
11 
., 
11 ,.10 


11 
I 


fCLK 
• 
OUtput frequency 
= 51"2; fMAX 
S< 
2 kHz 


• 
Output 
voltage 
range = OV - 
10V peak 


• 
THO < 0.2% 


• 
Excellent 
amplitude 
and frequency 
stability 
with temperature 


• 
Low pass filter shown 
has a 1 kHz corner 
(for output 
frequencies 
below 
10Hz. 
filter corner 
should 
be reduced) 


• 
Any periodic 
function 
can be implemented 
by modifying 
the contents 
of the look 
up table 
ROM 


• 
No start up problems 


FIGURE 
12. Precision 
Low 
Frequency 
Sine Wave 
Oscillator 
Using 
Sine Look-Up 
ROM 


ST0:t 


UP OWN 
15V 
DA 


A 


DB 


B 


MM74COO - 
NAND gates 


MM74C32 - 
OR gates 


MM74C74 - 
D flip-flop 


MM74C193 
- 
Binary upl 


down counters 


• Binary up/down 
counter digitally "ramps" 
the DAC 
output 
• Can stop counting at any desired 1a-bit input code 
• Senses up or down count overflow and automatically 
reverses direction of count 


&I 


Definition of Terms 


Resolution: 
Resolution is defined as the reciprocal of the 


number of discrete steps in the 01A output. It is directly 
related to the number of switches or bits within the 01A. For 
example. the OAC1020 has 210 or 1024 steps while the 
OAC1220 has 212 or 4096 steps. Therefore, the OAC1020 
has 10-bit resolution, while the OAC1220 has 12-bit resolu- 
tion. 
Linearity 
Error: Linearity error is the maximum deviation 


from a straight line passing through the endpoints of the 
0/ A transfer characteristic. It is measured after calibrating 
for zero (see Vas adjust in typical applications) and full- 
scale. Linearity error is a design parameter intrinsic to the 
device and cannot be externally adjusted. 


a 


(a) End point test after zero and full-scale adjust. 


The OAC has 1 LSB linearity error. 


Power Supply Sensitivity: 
Power supply sensitivity is a 
measure of the effect of power supply changes on the 01A 
full-scale output. 


Settling Time: Full-scale settling time requires a zero to full- 
scale or full-scale to zero output change. Settling time is the 
time required from a code transition until the 01A output 
reaches within ± % LSB of final output value. 
Full-Scale Error: Full-scale error is a measure of the output 
error between an ideal 01A and the actual device output. 
Ideally, for the. OAG1020 full-scale is VREF-1 
LSB. For 


VREF= 10V 
and 
unipolar 
operation, 
VFULL-SCA- 


LE=10.0000V-9.8 
mV=9.9902V. 
Full-scale error is ad- 
justable to zero as shown in Figure 5. 


b1 
b2 
(b) By shifting the full-scale calibration on of the OAC of 


Figure (bl) we could pass the "best straight line" (b2) 
test and meet the ± % linearity error specification. 


Connection 
Diagrams 


DAC102X 


Dual-In-Une Package 


DAC1020 
PLCC Package 


'OUT' 


16 
RFEEOIACK 


IOUT2 
15 VREF IN 


GNO 
14 v. 


Al(MSII 
13 
Al0ILSI) 


A2 
12 
At 


A3 
11 
AI 


A4 
10 
Al 


AS 
A6 


TO' VIEW 


TL/H/5689-13 


GND 


Al 
(WSB) 


NC 


A2 


A3 


DAC122X 
Dual-In-Llne Package 


11 
RFEEOIACK 
tl 


VREF IN 
1. v. 


15 
A12lLSII 


14 All 


13 Al0 


12 A' 


11 AI 


10 
Al 


17 


DAC1020LCV 
16 


15 


v' 


Al0 
(LSB) 


NC 


A9 


A8 
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Semiconductor 


OAC1054 Quad 10-Bit Voltage-Output 
Serial Of A Converter with Readback 


General Description 
The DAC1054 is a complete quad 10-bit voltage-output digi- 
tal-to-analog converter that can operate on a single 5V sup- 
ply. It includes on-chip output amplifiers, internal voltage ref· 
erence, and serial microprocessor interface. By combining 
in one package the reference, amplifiers, and conversion 
circuitry for four D/ A converters, the DAC1054 minimizes 
wiring and parts count and is hence ideally suited for appli- 
cations where cost and board space are of prime concern. 


The DAC1054 also has a data readback function, which can 
be used by the microprocessor to verify that the desired 
input word has been properly latched into the DAC1054's 
data registers. The data readback function simplifies the de- 
sign and reduces the cost of systems which need to verify 
data integrity. 
The logic comprises a MICROWIRETM-compatibleserial in· 
terface and control circuitry. The interface allows the user to 
write to anyone of the input registers or to all four at once. 
The latching registers are double-buffered, consisting of 4 
separate input registers and 4 DAC registers. Each DAC 
register may be written to individually. Double buffering al· 
lows all 4 DAC outputs to be updated simultaneously or 
individually. 
The four reference inputs allow the user to configure the 
system to have a separate output voltage range for each 
DAC. The output voltage of each DAC can range between 
0.3V and 2.8V and is a function of VSIAS,VREF.and the 
input word. 


Connection 
Diagram 


VRErl 
24 
VSIAS2 


VOUT1 
23 
VOUT2 


VSIAS1 
22 
VREF2 


OVcc 
4 
21 
VREF OUT 


OGNO 
5 
20 
AGNO 


OVcc 
6 
19 
AVec 
DAC105~ 
DO 
18 
VREF3 


eLK 
8 
17 
VOUT3 
Cs' 
9 
16 
VSIAS3 


01 
10 
15 
VSIAS4 
AU 
11 
14 
VREF4 


INT 
12 
13 
Vouu 


TLIH/11437-1 
Top View 


Features 
• 
Single +5V supply operation 
• 
MICROWIRE serial interface allows easy interface to 
many popular microconlrollers 
including the COPSTM 
and HPCTMfamilies of microcontrollers 
• 
Dala readback capability 
• 
Output data can be formatted to read back MSB or 
LSB first 
• 
Versatile logic allows selective or global update of the 
DACs 
• 
Power fail flag 
• 
Output amplifiers can drive 2 kO load 
• 
Synchronous/asynchronous update of the DAC outputs 


Key Specifications 
• 
Guaranteed monotonic over temperature 
• 
Integral linearity error 
• 
Output settling time 
• 
Analog output voltage range 
• 
Supply voltage range 
• 
Clock frequency for write 
• 
Clock frequency for read back 
• 
Power dissipation (feLK = 10·MHz) 
• 
On-board reference 


±% LSB max 
3.7 /Josmax 
0.3V to 2.8V 
4.5V to 5.5V 
10 MHz max 
5 MHz max 
100 mW max 
2.65V ± 2% max 


Applications 
• 
Automatic test equipment 
• 
Industrial process controls 
• 
Automotive controls and diagnostics 
• 
Instrumentation 


Industrial 
( - 40"C < TA < +8S·C) 
Package 


DAC1054CIN 
N24A Molded DIP 


DAC1054CIWM 
M24B Small Outline 


Military 
( - SS·C< TA < + 12S·C) 


DAC1054CMJ/883 or 
J24A Ceramic DIP 
5962·9466201MJA 
• 


Absolute Maximum Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Soldering 
Information 
please 
contact 
the 
National 
Semiconductor 
Sales 
N Package 
(10 sec.) 
260"C 
Office/Distributors 
for 
availability 
and 
specifications. 
SO Package 


Supply Voltage 
(AVec, 
DVed 
7V 
Vapor 
Phase (60 sec.) 
215'C 


Supply Voltage 
Difference 
(AVee-DVed 
±S.5V 
Infrared 
(15 sec.) (Note 7) 
220"C 


Voltage 
at Any Pin (Note 3) 
GND 
-0.3Vto 
Storage 
Temperature 
-65'C 
to + 150'C 


AVeclDVee 
+0.3V 
Operating 
Ratings 
(Notes 
1 & 2) 
Input Current 
at Any Pin (Note 3) 
5mA 


Package 
Input Current 
(Note 4) 
30mA 
Supply Voltage 
4.5Vto 
5.5V 


Power Dissipation 
(Note 5) 
950mW 
Supply Voltage 
Difference 
(AVec 
- 
DVee) 
±1V 


ESD Susceptibility 
(Note 6) 
Temperature 
Range 
TMIN < TA < TMAX 
DAC1054CIN, 
DAC1054CIWM 
-40'C 
< TA < 85'C 
Human 
Body Model 
2000V 
DAC1054CMJ/883 
-55'C 
< TA < 125'C 
Machine 
Model 
200V 


Converter 
Electrical Characteristics 


The following 
specifications 
apply for AVec 
= DVee = 5V, VREF = 2.65V, VSIAS = 1.4V, RL = 2 kfi 
(RL is the load resistor 
on 
the analog 
outputs 
- pins 2,13,17, 
and 23) and feLK = 10 MHz unless otherwise 
specified. 
BoldfaceUmlts apply for T" 


= T•• from TIlIN to TIIAX' All other 
limits apply for TA = 2S·C. 


Symbol 
Parameter 
ConditIons 
Typical 
Limit 
Units 


(NoteS) 
(Note 
9) 
(Limits) 


STATIC 
CHARACTERISTICS 


n 
Resolution 
10 
10 
bits 


Monotonicity 
(Note 10) 
10 
10 
bits 


Integral 
Linearity 
Error 
(Note 11) 


DAC1054CIN, 
DAC1054CIWM 
±0.75 
LSB (max) 


.. 
Differential 
Linearity 
Error 
±1.0 
LSB (max) 


Fullscale 
Error 
(Note 12) 
±30 
mV 


Fullscale 
Error Tempco 
(Note 13) 
-38 
ppm/'C 


Zero Error 
(Note 14) 
±25 
mV 


Zero Error Tempco 
(Note 13) 
-38 
ppm/'C 


Power Supply Sensitivity 
(Note 15) 
-34 
dB (max) 


DYNAMIC 
CHARACTERISTICS 


ts+ 
Positive 
Voltage 
Output 
(Note 16) 
1.8 
3.2 
,..s 
Settling 
Time 
CL = 200 pF 


ts- 
Negative 
Voltage 
Output 
(Note 16) 
2.3 
3.7 
,..S 
Settling 
Time 
CL = 200 pF 


Digital Crosstalk 
(Note 17) 
15 
mVp_p 


Digital Feedthrough 
. 


(Note 18) 
15 


L 
mVp-p 


, 


Clock Feedthrough 
(Note 19) 
20 
mVp_p 


Channel-to-Channellsolation 
(Note 20) 
-71 
dB 


Glitch 
Energy 
(Note 21) 
7 
nV-s 


Peak Value of Largest 
Glitch 
38 
r" 
mV 


PSRR 
Power Supply 
Rejection 
Ratio 
(Note 22) 
-49 
, 
dB 


- 
- 
, '- - . - ---- ._ •..._~.......... 
, 


me analog 
outputs 
- pins 2,13,17, 
and 23) and fCLK = 10 MHz unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA 
= T" from 
TIlIN 
to TIIAX' 
All other 
limits apply for TA = 25°C. 


Symbol 
Parameter 
Conditions 
Typical 
limit 
Units 


(Note 
3) 
(Note 
4) 
(Limits) 


DIGITAL 
AND DC ELECTRICAL 
CHARACTERISTICS 


VIN(1) 
Logical 
"1" 
Input Voltage 
AVcc = DVcc = 5.5V 
2.0 
V (min) 


VIN(O) 
Logical 
"0" 
Input Voltage 
AVcc = DVcc = 4.5V 
0.8 
V (max) 


IlL 
Digital Input Leakage 
Current 
1 
)J-A(max) 


CIN 
Input Capacitance 
4 
pF 


COUT 
Output 
Capacitance 
5 
pF 


VOUT(1) 
Logical 
"1" 
Output Voltage 
ISOURCE = 0.8 mA 
2.4 
V (min) 


VOUT(O) 
Logical 
"0" 
Output Voltage 
ISINK = 3.2 mA 
0.4 
V (max) 


VINT 
Interrupt 
Pin Output Voltage 
10 kO Pullup 
0.4 
V (max) 


Is 
Supply Current 
Outputs 
Unloaded 
14 
20 
mA 


REFERENCE 
INPUT CHARACTERISTICS 


VREF 
Input Voltage 
Range 
0-2.75 
V 


RREF 
Input Resistance 
7 
4 
kO(min) 
9 
kO (max) 


CREF 
Input Capacitance 
Full-Scale 
Data Input 
25 
pF 


VSIAS INPUT 
CHARACTERISTICS 


VBIAS 
VBIAS Input Voltage 
Range 
0.3-1.4 
V 


Input Leakage 
1 
)J-A 


CBIAS 
Input Capacitance 
9 
pF 


BANDGAP 
REFERENCE 
CHARACTERISTICS 
(CL = 220)J-F) 


VREFOUT 
Output 
Voltage 
2.65 ± 2% 
V 


.6.VREF/.6.T 
Tempco 
(Note 23) 
29 
ppml"C 


Line Regulation 
4.5V < Vcc 
< 5.5V, IL = 4 mA 
5 
mV 


.6.VREF/.6.IL 
Load Regulation 
0< 
IL < 4mA 
10 
mV 


-1 
< IL < OmA 
2.5 
mV 


Isc 
Short Circuit Current 
VREFOUT = OV 
12 
mA 


AC ELECTRICAL 
CHARACTERISTICS 


tos 
Data Setup Time 
15 
ns(min) 


tOH 
Data Hold Time 
0 
ns(min) 


tes 
Control 
Setup Time 
I: 
15 
ns(min) 


teH 
Control 
Hold Time 
., 
0 
ns(min) 


fWMAX 
Clock Frequency 
Write 
10 
MHz (max) 


fRMAX 
Clock Frequency 
Readback 
5 
MHz (max) 


tH 
Minimum 
Clock High Time 
20 
ns(min) 


tL 
Minimum 
Clock Low Time 
20 
ns(min) 


• 


Converter Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for AVcc = DVcc = 5V, VREF = 2.65V, VSIAS = 1.4V, RL = 2 kfi (RL is the load resistor 
on 
the analog 
outputs 
- pins 2,13,17, 
and 23) and fCLK = 10 MHz unless 
otherwise 
specified. 
BoldfaceUmits 
apply 
for 
TA 


= T" from 
TMIN to TMAX. All other 
limits apply for TA = 25°C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
3) 
(Note 
4) 
(Limits) 


AC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


tCZl 
Output 
Hi-Z to Valid 1 
fCLK = 5 MHz 
,. 
70 
ns(max) 


tczo 
Output 
Hi-Z to Valid 0 
fCLK = 5 MHz 
70 
ns (max) 


tlH 
CS to Output 
Hi-Z 
10 kfi with 60 pF, fCLK = 5 MHz 
150 
ns (max) 


toH 
CS to Output 
Hi-Z 
10 kfi with 60 pF, fCLK = 5 MHz 
130 
ns (max) 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditH)ns 
for whK:h the device is 
functional. 
These ratings do not guarantee 
specific performance 
limits, however. 
For guaranteed 
specifications 
and test conditions, 
see the Converter 
Electrical 


Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not 
operated 
under the listed test conditions. 


Note 
2: All voltages 
are measured with respect to ground, unless otherwise 
specified. 


Note 3: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN < GND or VIN > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. 


Note 
4: The sum of the currents at all pins that are driven beyond the power suppty voltages should not exceed 30 mA. 


Note 
5: The 
maximum 
power 
dissipation 
must 
be 
derated 
at elevated 
temperatures 
and 
is dictated 
by TJmai:: (maximum 
junction 
temperature), 
0JA 
(package 
junction 
to 
ambient 
thermal 
resistance), 
and 
TA (ambient 
temperature). 
The 
maximum 
allowable 
power 
dissipation 
at 
any 
temperature 
is 
Pomax = (TJmax - 
TA,)/0JA or the number given in the Absolute 
Maximum Ratings, whichever 
is lower. The table below details TJmax and 0JA for the various 
packages 
and versions of the OAC1054. 


I 
Part Number 
I 
TJmaxrCj 
I 
0JArC/Wj 
I 
I 
OAC1054CIN 
I 
125 
I 
42 
I 
OAC1054CIWM 
125 
57 


Nole 6: Humanbodymodel,100pF dischargedthrougha 1.5kil resistor. 


Note 
7: See AN450 
"Surface 
Mounting 
Methods 
and Their Effect on Production 
Reliability" 
of the section titled "Surface 
Mount" 
found in any current 
Linear 
Databook 
for other methods of soldering surface mount devices. 


Hate 8: Typicals are at TJ = 25°C and represent 
most likely parametric 
norm. 


Hate 9: Limits are guaranteed 
to National's 
AOOL (Average Outgoing Quality Level). 


Hate 
10: A monotonicity 
of 10 bits for the DAC1054 means that the output voltage changes in the same direction 
(or remains constant) 
for each increase in the 
input code. 


Hate 11: Integral linearity error is the maximum deviation of the output from the line drawn between zero and full·scale 
(excluding the effects of zero error and full~ 
scale error). 


Note 
12: Full·scale error is measured as the deviation from the idea12.800V 
full·scale 
output when VAEF = 2.650V and VBIAS = 1.400V. 


Note 
13: Full·scale 
error tempco 
and zero error tempeo are defined by the following 
equation: 


[Error IT"".xl - ErrorITMIN)] 
[TMAX1~TMJ 
Error tempeo = 


VSPAN 


where Error (TMAX>is the zero error or full~scale error at TMAX (in volts), and Error (TMIN) is the zero error or full·scaJe error at TMIN (in volts); VSPAN is the output 
voltage 
span of the DAC1054, which depends on VBIAS and VAEF. 


Hote 
14: Zero error is measured as the deviation from the ideal 0.302V output when VREF = 2.650V, VSIAS = 1.400V, and the digital input word is all zeros. 


Hote 
15: Power Supply Sensitivity 
is the maximum change in the offset error or the full-scale 
error when the power supply differs from its optimum 
5V by up to 
0.50V(10%).The load resistorRL ~ 2 kil. 


Hote 
16: Positive or negative settling time is defined as the time taken for the output of the DAC to settle to its final full·scale 
or zero output to within ±0.5 LSB. 


This time shall be referenced 
to the 50% point of the positive edge of ~, 
which initiates the update of the analog outputs. 


Hate 
17: Digital crosstalk 
is the glitch measured on the output of one DAC while applying an all Os to all1s 
transition 
at the input of the other DACs. 


Nole 18:All DACshavefull-scaleoutputslatchedand 01is clockedwith no updateof the DACoutputs.The glitchis then measuredon the DACoutputs. 


Note 
19: Clock feedthrough 
is measured for each DAC with its output at futl·scale. The serial clock is then applied to the DAC at a frequency 
of 10 MHz and the 
glitch on each DAC full-scale 
output is measured. 


Note 20: Channel-to-channel 
isolation is a measure of the effect of a change in one DAC's output on the output of another OAC. The VREF of the first DAC is varied 
between 
1.4V and 2.65V at a frequency 
of 15 kHz while the change in full-scale 
output of the second OAC is measured. The first DAC is loaded with all Os. 


Hote 21: Glitch energy is the difference 
between the positive and negative glitch areas at the output of the DAC when a 1 LSB digital input code change is applied 
to the input. The glitch energy will have its largest value at one of the three major transitions. 
The peak value of the maximum glitch is separately 
specified. 


Note 22: Power Supply Rejection Ratio is measured by varying AVec 
= DVCC between 4.50V and 5.50V with a frequency of 10 kHz and measuring the proportion 


of this signal imposed on a full-scale 
output of the DAC under consideration. 


Hote 23: The bandgap reference 
tempco 
is defined by the largest value from the following 
equations: 


TempcolTMAX>~ [VREFlTMAX>- VREFlTRooM)] 
[ 
106 
] orTempcolTMIN)~ [VREF(TMINl- VREFlTRooMl] 
[TRoo~~TMJ 
VREFITROOM) 
TMAX- TROOM 
VREFITROOM) 


whereTROOM~ 25·C,VREFITMAX>is the referenceoutputat TMAX.and similarlyfor VREFITMIN)and VREFITROOM)· 


Hote 24: A Military RETS specification 
is available 
upon request. 
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FIGURE 2. Write to All DACs with Update of Outputs (AU = 1),10 MHz Maximum ClK Rate 
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Au 
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Voun 
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cs 
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12 
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DO 
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VelA-53 
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VOUT4 


Pin Description 


VOUT1(2), 
The voltage 
output connections 
of the 


VOUT2(23), 
four DACS. These provide 
output 


VOUT3(17), 
voltages 
in the range 0.3V-2.BV. 


VOUT4(13) 


VREFOUT(21) 
The internal 
voltage 
reference 
output. 


The output of the reference 
is 2.65V 
±20/0. 


When this pin is taken low, all DAC outputs 


will be asynchronously 
updated. CS must 


be held high during the update. 
AU must be 


held high during Read back. 


The voltage 
reference 
inputs for the four 


DACs. The allowed 
range is OV-2.75V. 


VREF1(1), 


VREF2(22), 


VREF3(1B), 


VREF4(14) 


CS(9) 
The Chip Select 
control 
input. This input is 


active low. 


The external 
clock input pin. 


The serial data input. The data is clocked 
in 


MSB first. Preceding 
the data by1e are 4 or 


6 bits of instructions. 
The read back 


command 
requires 
7 bits of instructions. 


The serial data output. 
The data can be 


clocked 
out either MSB or LSB first, and on 


either the positive 
or negative 
edge of the 


clock. 


The power interrupt 
output. 
On an 


interruption 
of the digital power supply, this 


pin goes low. Since this pin has an open 


drain output, 
a 10 kO pull-up resistor 
must 


be connected 
to the supply. 


VSIAS1(3), 
VSIAS2(24), 
VSIAS3(16), 
VSIAS4(15) 


AGND(20), 
DGND(5) 


DVCC(4,6), 
AVCC(19) 


The non-inverting 
inputs of the 4 output 


amplifiers. 
These 
pins set the virtual 


ground voltage 
for the respective 
DACs. 


The allowed 
range is 0.3V-l.4V. 


The analog and digital ground 
pins. 


CLK(B) 


01(10) 


The digital and analog power supply 


pins. The power supply range of the 


DAC1054 
is 4.5V-5.5V. 
To guarantee 


accuracy, 
it is required 
that the AVec 


and DVcc 
pins be bypassed 
separately 


with bypass capacitors 
of 10 ",F 


tantalum 
in parallel 
with 0.1 ",F ceramic. 


Applications 
Information 


FUNCTIONAL 
DESCRIPTION 


The DAC1054 is a monolithic quad 10-bit digital-to-analog 
converter that is designed to operate on a single 5V supply. 
Each of the four units is comprised of an input register, a 
DAC register, a shift register, a current output DAC, and an 
output amplifier. In addition, the DAC1054 has an onboard 
bandgap reference and a logic unit which controls the inter- 
nal operation of the DAC1054 and interfaces it to micro- 
processors. 
Each of the four internal 10-bit DACs uses a modified R-2R 
ladder to effect the digital-to-analog conversion (Figure 
5). 
The resistances corresponding to the 2 most significant bits 
are segmented to reduce glitch energy and to improve 
matching. The bottom of the ladder has been modified so 
that the voltage across the LSB resistor is much larger than 
the input offset voltage of the buffer amplifier. The input 
digital code determines the state of the switches in the lad- 
der network. An internal EEPROM, which is programmed at 
the factory, is used to correct for linearity errors in the resis- 
tor ladder of each of the four internal DACs. The codes 
stored in the EEPROM's memory locations are converted to 
a current, 'EEPROM,with a small trim DAC. The sum of cur- 
rents IOUTl and IOUT2is fixed and is given by 


The current output IOUT2,summed with the correction cur- 
rent 'EEPROM,is applied to the internal output amplifier and 
converted to a voltage. The output voltage of each DAC is a 
function of VSIAS,VREF,and the digital input word, and is 
given by 


DATA 
2047 
1023 
VOUT=2 (VREF-VSIAS)--+--VSIAS---VREF 
1024 
512 
512 


The output voltage range for each DAC is 0.3V-2.8V. This 
range can be achieved by using the internal 2.65V reference 
and a voltage divider network which provides a VSIASof 
1.40V (Figure 6). In this case the DAC transfer function is 


(DATA) 
VOUT= 2.5 
1024 
+ 0.30244 


The output impedance of any external reference that is 
used will affect the accuracy of the conversion. In order that 
this error be less than V. LSB, the output impedance of the 
external reference must be less than 20. 


I 
+ I 
_ (VREF - VSIAS) 1023 


OUTl 
OUT2- 
R 
1C24 


lO.Ok 
VREF1 
YOUT1 
(0.3V- 
2.8V) 


VSIASl 


~.1,u 
YRH2 


YOUTZ 
(O.3V- 
2.8V) 


VBlAS2 


YREFJ 
VOUT3 
(O.3V- 
2.8V) 


VSIASJ 


VRH4 
Youu 
(O.3V- 
2.11V) 


VSIAS4 


AVec 
DYcc 


FIGURE 
6. Generating 
a VSIAS = 1.40V from the Internal 
Reference, 
Typical 
Application 


3-101 


and a READ 
mode. 
The WRITE 
mode 
is used to convert 
a 
10-bit digital 
input word 
into a voltage. 
The READ 
mode 
is 
used to read back the digital data that was sent to one or all 
of 
the 
DACs. 
The 
WRITE 
mode 
maximum 
clock 
rate 
is 
10 MHz. READ 
mode 
is limited 
to a 5 MHz maximum 
clock 
rate. These 
modes 
are selected 
by the appropriate 
setting 
of the RD/WR 
bit, which 
is part of the instruction 
byte. The 
instruction 
byte precedes 
the data byte at the DI pin. In both 
modes, 
a high level on the Start 
Bit (SB) alerts 
the DAC to 
respond 
to the remainder 
of the input stream. 


Table 
I lists the instruction 
set for the WRITE 
mode 
when 
writing 
to only a single DAC, and Table 
II lists the instruction 
set for a global 
write. 
Bits AO and A 1 select 
the DAC to be 
written 
to. The 
DACs 
are always 
written 
to 
MSB 
first. 
All 
DACs 
will be written 
to sequentially 
if the global 
bit (G) is 


order). 
For a global 
write 
bits AO and A1 of the instruction 
byte are not required 
(see Figure 
2 timing 
diagram). 
If the 
update 
bit (U) is high, then the DAC output(s) 
will be updat- 
ed on the rising edge 
of CS; otherwise, 
the new data 
byte 
will 
be placed 
only 
in the 
input 
register. 
Chip 
Select 
(CS) 
must remain 
low for at least 
one clock 
cycle 
after the 
last 
data bit has been entered. 
(See Figures 
1 and 2) 


When the U bit is set Iowan 
asynchronous 
update 
of all the 
DAC outputs 
can be achieved 
by taking 
AU low. The con- 
tents 
of the 
input registers 
are loaded 
into the 
DAC regis- 
ters, with the update 
occurring 
on the falling edge of AU. CS 
must be held high during 
an asynchronous 
update. 


All DAC registers 
will have their contents 
reset 
to all zeros 
on power 
up. 


SB 
RD/WR 
G 
U 
A1 
AO 
Descrlptl~n 
Bit #1 
Bit #2 
Bit #3 
Bit #4 
Bit #5 
Bit #6 


1 
0 
0 
0 
0 
0 
Write DAC 1, no update of DAC outputs 


1 
0 
0 
0 
0 
1 
Write DAC 2, no update of DAC outputs 


1 
0 
0 
0 
1 
0 
Write DAC 3, no update of DAC outputs 


1 
0 
0 
0 
1 
1 
Write DAC 4, no update of DAC outputs 


1 
0 
0 
1 
0 
0 
Write DAC 1, update 
DAC 1 on CS rising edge 


1 
0 
0 
1 
0 
1 
Write DAC 2, update 
DAC 2 on CS rising edge 


1 
0 
0 
1 
1 
0 
Write DAC 3, update 
DAC 3 on CS rising edge 


1 
0 
0 
1 
1 
1 
Write DAC 4, update 
DAC 4 on CS rising edge 


SB 
RD/WR 
G 
U 
Description 
Bit # 1 
Bit #2 
Bit #3 
Bit #4 


1 
0 
1 
0 
Write all DACs, no update 
of outputs 


1 
0 
1 
1 
Write all DACs, update all outputs 
on CS rising edge 


·.___.._ .....u.~ "''''~''''''''UVlllJYltll, 
1Iitt U8la 
Will con- 
, 
'''111 rasa 
all the 
DACs 
in succession, 
starting 
with 
DAC 
1. 
tinue 
to be sequentially 
clocked 
by the 
next 
falling 
clock 
The 
RtF 
bit determines 
whether 
the data 
changes 
on the 
edges. 
The 
rising 
edge 
of cg returns 
DO to TRI-STATE. 


rising or the falling 
edge of the system 
clock. 
With the RtF 
Read 
back 
with 
the 
RtF 
bit set 
high 
is not 
MICROWIRE 
bit high, DO goes out of TRI-STATE 
on the rising edge that 
compatible. 
One 
can 
choose 
to read the 
data 
back 
MSB 
occurs 
1% clock 
cycles 
after the end of the instruction 
byte; 
first or LSB first by setting 
the MtL 
bit. (See Figures 
3 and 
the data will continue 
to be sequentially 
clocked 
out by the 
4) 


TABLE 
III. READ 
MODE Instruction 
Set 


SB 
RDtWR 
G 
RtF 
MIL 
A1 
AO 
Description 


Bit #1 
Bit #2 
Bit #3 
Bit #4 
Bit #5 
Bit #6 
Bit #7 


1 
1 
0 
0 
0 
0 
0 
Read DAC 1, LSB first, data changes 
on the falling edge 


1 
1 
0 
0 
0 
0 
1 
Read DAC 2, LSB first, data changes 
on the falling edge 


1 
1 
0 
0 
0 
1 
0 
Read DAC 3, LSB first, data changes 
on the falling edge 


1 
1 
0 
0 
0 
1 
1 
Read DAC 4, LSB first, data changes 
on the falling edge 


1 
1 
0 
0 
1 
0 
0 
Read DAC 1, MSB first, data changes 
on the falling edge 


1 
1 
0 
0 
1 
0 
1 
Read DAC 2, MSB first, data changes 
on the falling edge 


1 
1 
0 
0 
1 
1 
0 
Read DAC 3, MSB first, data changes 
on the falling edge 


1 
1 
0 
0 
1 
1 
1 
Read DAC 4, MSB first, data changes 
on the falling edge 


1 
1 
0 
1 
0 
0 
0 
Read DAC 1, LSB first, data changes 
on the rising edge 


1 
1 
0 
1 
0 
0 
1 
Read DAC 2, LSB first, data changes 
on the rising edge 


1 
1 
0 
1 
0 
1 
0 
Read DAC 3, LSB first, data changes 
on the rising edge 


1 
1 
0 
1 
0 
1 
1 
Read DAC 4, LSB first, data changes 
on the rising edge 


1 
1 
0 
1 
1 
0 
0 
Read DAC 1, MSB first, data changes 
on the rising edge 


1 
1 
0 
1 
1 
0 
1 
Read DAC 2, MSB first, data changes 
on the rising edge 


1 
1 
0 
1 
1 
1 
0 
Read DAC 3, MSB first, data changes 
on the rising edge 


1 
1 
0 
1 
1 
1 
1 
Read DAC 4, MSB first, data changes 
on the rising edge 


1 
1 
1 
0 
0 
1 
0 
Read all DACs, LSB first, data changes 
on the falling edge 


1 
1 
1 
0 
1 
1 
0 
Read all DACs, MSB first, data changes 
on the falling edge 


1 
1 
1 
1 
0 
1 
0 
Read all DACs, LSB first, data changes 
on the rising edge 


1 
1 
1 
1 
1 
1 
0 
Read all DACs, MSB first, data changes 
on the rising edge 


Power Fail Function 
Power Supplies 


The DAC1054 
powers 
up with the INT pin in a Low state. To 
The DAC1054 
is designed 
to operate 
from a + 5V (nominal) 
force this output 
high and reset this flag, the cg pin will have 
supply. 
There 
are two supply 
lines, AVec 
and DVcc. 
These 
to be brought 
low. When 
this is done the INT output 
will be 
pins allow 
separate 
external 
bypass 
capacitors 
for the ana- 
pulled high again via an external 
10 kO pull-up resistor. 
Any- 
log and digital portions 
of the circuit. 
To guarantee 
accurate 
time a power failure occurs 
on the DVcc 
line, the INT will be 
conversions, 
the two supply 
lines should 
each be bypassed 
set low when 
power 
is reapplied. 
This feature 
may be used 
with 
a 0.1 
fLF ceramic 
capacitor 
in parallel 
with 
a 10 fLF 
by the microprocessor 
to discard 
data whose 
integrity 
is in 
tantalum 
capacitor. 


question. 


~ 
~ 
-' 


• 


VOUT 


OV 
- 
+5V 


AVec 


VOUT1 
VREF1 


VREF OUT 


TL/H/11437-19 


FIGURE 
8. Trimming 
the Offset 
of a Dual Supply Op Amp (VIN Is Ground 
Referenced) 


TUH/11437-20 
FIGURE 
9. Bringing 
the Output 
Range 
Down to Ground 


t!JNational 
Semiconductor 


MICRO-DAC™ DAC 1208/DAC 1209/DAC 121O/DAC 1230/ 
DAC 1231/DAC 1232 12-Bit, JLP Compatible, 
Double-Buffered 
D to A Converters 


General Description 


The DAC1208 
and the DAC1230 
series 
are 12-bit 
multiply- 
ing D to A converters 
designed 
to interface 
directly 
with a 


wide 
variety 
of microprocessors 
(8080, 
8048, 
8085, 
Z-80, 
etc.). 
Double 
buffering 
input 
registers 
and associated 
con- 
trol lines allow these 
DACs to appear 
as a two-byte 
"stack" 


in the system's 
memory 
or I/O 
space 
with no additional 
in- 
terfacing 
logic required. 


The DAC1208 
series provides 
all 12 input lines to allow sin- 


gle buffering 
for maximum 
throughput 
when used with 16-bit 


processors. 
These 
input lines can also be externally 
config- 
ured to permit 
an 8-bit data interface. 
The DAC1230 
series 


can be used 
with 
an 8-bit 
data 
bus directly 
as it internally 


formulates 
the 12-bit 
DAC data from 
its 8 input lines. All of 


these 
DACs accept 
left-justified 
data from the processor. 


The analog 
section 
is a precision 
silicon-chromium 
(Si-Cr) 


R-2R 
ladder 
network 
and twelve 
CMOS 
current 
switches. 
An inverted 
R-2R 
ladder 
structure 
is used 
with 
the 
binary 


weighted 
currents 
switched 
between 
the 
laUTl 
and 
'aUT2 


maintaining 
a constant 
current 
in each 
ladder 
leg indepen- 
dent of the switch 
state. Special 
circuitry 
prOVides TTL logic 


input voltage 
level compatibility. 


The 
DAC1208 
series 
and 
DAC1230 
series 
are the 
12-bit 


members 
of a family 
of microprocessor 
compatible 
DACs 


(MICRO-DACsTM). 
For applications 
requiring 
other 
resolu- 


tions, 
the 
DAC1000 
series 
for 
10-bit 
and 
DAC0830 
series 


for 8-bit are available 
alternatives. 


Features 


• 
Linearity 
specified 
with zero and full-scale 
adjust 
only 


• 
Direct 
interface 
to all popular 
microprocessors 


• 
Double-buffered, 
single-buffered 
or flow 
through 
digital 


data inputs 


• 
Logic 
inputs 
which 
meet 
TTL voltage 
level 
specs 
(1.4V 


logic threshold) 


• 
Works 
with 
± 10V reference-full 
4-quadrant 
multiplication 


• 
Operates 
stand-alone 
(without 
fLP) if desired 


• 
All parts guaranteed 
12-bit 
monotonic 


• 
DAC1230 
series 
is pin 
compatible 
with 
the 
DAC0830 


series 
8-bit MICRO-DACs 


Key Specifications 


• 
Current 
Settling 
Time 


• 
Resolution 
• 
Linearity 
(Guaranteed 
over temperature) 


• 
Gain Tempco 
• 
Low Power 
Dissipation 


• 
Single 
Power 
Supply 


1 fLs 
12 Bits 


10,11, 
or 12 Bits of FS 


1.3 ppm/"C 


20 mW 


5 VDC to 15 VDC 


CONTROL IUS 


Cf 


WRl 


WAl 


IYTE l/iYill 


XF£R 


.-o'5Y 
m 
ZERO 


ADJUST 
• 


(Notes 
1 and 2) 


Supply Voltage 
(Ved 


Voltage 
at Any Digital Input 


Voltage 
at VREF Input 


Storage 
Temperature 
Range 


Package 
Dissipation 
at TA = 25'C 
(Note 
3) 


DC Voltage 
Applied 
to IOUT1 or IOUT2 
(Note 4) 


ESD Susceptability 


-100 
mV to Vee 


800V 


DAC1210LCJ, 
DAC1230LCJ, 
DAC1231 LCJ, DAC1232LCJ, 
DAC1231 UN, DAC1232UN 
DAC1208LCJ-1, 
DAC1210LCJ-1, 
DAC1230LCJ-1, 
DAC1231 LCJ-1, 


DAC1232LCJ-1, 
DAC1231 LCN, 
DAC1232LCN, 
DAC1231LCWM, 


DAC1232LCWM 


Range of Vee 


Voltage 
at Any Digital Input 


17VDC 


VeetoGND 


±25V 


- 65'C to + 150'C 


500mW 
O'C:s: TA:S: +70'C 


4.75 VDCto 
16 VDC 


VcctoGND 


Electrical Characteristics 
VREF= 
10.000 
Voe, 
Vee= 
11.4 Voe 
to 15.75 Voe 
unless 
otherwise 
noted. 
Boldface 
limits apply 
from 
TMIN to TMAX (see 


Note 
13); all other 
limits TA = 
TJ = 
25'C. 


Typ 
Tested 
Design 
Parameter 
Conditions 
Notes 
Limit 
Limit 
Units 
(Note 
10) 
(Note 
5) 
(Note 
6) 


Resolution 
12 
12 
12 
Bits 


Linearity 
Error 
Zero and Full-Scale 
4,7,13 


(End Point Linearity) 
Adjusted 
DAC1208, 
DAC1230 
±0.018 
±0.018 
% ofFSR 
DAC1209, 
DAC1231 
±0.024 
±0.024 
% ofFSR 
DAC1210, 
DAC1232 
±0.050 
±0.05 
% ofFSR 


Differential 
Non-Linearity 
Zero and Full-Scale 
4,7,13 


Adjusted 
DAC1208, 
DAC1230 
±0.018 
±0.018 
% ofFSR 
DAC1209, 
DAC1231 
±0.024 
±0.024 
% ofFSR 
DAC1210, 
DAC1232 
±0.050 
±0.05 
%ofFSR 


Monotonicity 
4 
12 
12 
12 
Bits 


Gain Error (Min) 
Using Internal 
RFb 
7 
-0.1 
0.0 
%ofFSR 


Gain Error (Max) 
Vref = 
± 10V, ± 1V 
7 
-0.1 
-0.2 
%ofFSR 


Gain Error Tempco 
7 
±1.3 
±e.o 
ppmof 
FS/'C 


Power Supply 
Rejection 
All Digital Inputs 
7 
±3.0 
±30 
ppmof 
FSRIV 
Latched 
High 


Reference 
Input Resistance 
(Min) 
13 
15 
10 
10 
kfi 
Reference 
Input Resistance 
(Max) 
15 
20 
20 


Output 
Feedthrough 
Error 
VREF=20 
Vp-p, f= 100 kHz 


All Data Inputs Latched 
9 
3.0 
mVp-p 


Low 


Output 
Capacitance 
I 
All Data Inputs 
IOUT1 
200 
pF 


Latched 
High 
IOUT2 
70 
pF 
All Data Inputs 
'oun 
70 
pF 


Latched 
Low 
IOUT2 
200 
pF 


Supply Current 
Drain 
13 
2.0 
2.5 
mA 


Output 
Leakage 
Current 


IOUT1 
All Data Inputs Latched 
11, 13 
0.1 
15 
15 
nA 


Low 
IOUT2 
All Data Inputs Latched 
11,13 
0.1 
15 
15 
nA 


High 


Digital Input Threshold 
Low Threshold 
13 
0.8 
0.8 
VDC 
High Threshold 
13 
2.2 
2.2 
VDC 


Digital Input Currents 
Digital Inputs 
<0.8V 
13 
-200 
-200 
,.ADC 


Digital Inputs >2.2V 
13 
10 
10 
,.ADC 


- 


See 
Typ 
Tested 
Design 


Symbol 
Parameter 
Conditions 
Limit 
Limit 
Units 


Note 
(Note 
10) 
(Note 
5) 
(Note 
6) 


AC 
CHARACTERISTICS 


ts 
Current 
Setting 
Time 
VIL = OV, VIH = 5V 
1.0 
,...5 


tw 
Write 
and XFER 
VIL = OV, VIH = 5V 
8 
50 
320 


Pulse 
Width 
Min. 
320 


tos 
Data 
Setup 
Time 
Min. 
VIL = OV, VIH = 5V 
70 
320 
320 


tOH 
Data 
Hold 
Time 
Min. 
VIL = OV, VIH = 5V 
30 
90 
90 


ns 


tes 
Control 
Setup 
Time 
Min. 
VIL = OV, VIH = 5V 
60 
320 
320 


teH 
Control 
Hold 
Time 
Min. 
VIL = OV, VIH = 5V 
a 
10 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 


the device beyond its specified 
operating 
conditions. 


Note 2: All voltages 
are measured with respect to GND, unless otherwise 
specified. 


Note 3: This 500 mW specification 
applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly 
modify 


the power dissipation) 
removes concern 
for heat sinking. 


Note 4: Both IOUT1and IOUT2must go to ground or the virtual ground of an operational 
amplifier. The linearity error is degraded by approximately 
Vos +- VREF. For 


example. if VREF= 10V then a 1 rnV offset, Vos, on loun 
or IOUT2 will introduce 
an additional 
0.01 % linearity error. 


Note 5: Tested and guaranteed 
to National's 
AOOL (Average Outgoing Quality Level). 


Note 6: Design limits are guaranteed 
but not 100% tested. These limits are not used to calculate 
outgoing quality levels. Guaranteed 
for Vcc 
= 
11.4V to 15.75V 


and VREF - 
-10V 
to +10V. 


Note 7: The unit FSR stands for full-scale 
range. Linearity Error and Power Supply Rejection specs are based on this unit to eliminate dependence 
on a particular 


VREF value to indicate the true performance 
of the part. The Linearity 
Error specification 
of the DAC120B is 0.012% 
of FSR(max). This guarantees 
that after 
performing a zero and full-scale adjustment, 
the plot of the 4096 analog voltage outputs will each be within 0.012% 
X VREF of a straight line which passes through 
zero and full-scale. The unit ppm of FSR(parts per million of full-scale range) and ppm of FS(parts per million of full-scale) are used for convenience 
to define specs 


of very small percentage 
values, typical of higher accuracy converters. 
In this instance, 
1 ppm of FSR=VREF/1Q6 
is the conversion 
factor to provide an actual 


output voltage Quantity. For example, the gain error tempeo spec of ±6 ppm of FSrC 
represents a worst-case 
full-scale gain error change with temperature 
from 


-40"C 
to +8S"C 
of ±(6)(VREF/1()6)(12S"C) 
or ±0.7S 
(10-3) 
VREF which is ±0.07S% 
of VREF. 


Note 8: This spec implies that all parts are guaranteed 
to operate with a write pulse or transfer pulse width (tw) of 320 ns. A typical part will operate with tw of only 
100 ns. The entire write pulse must occur within the valid data interval for the specified 
tw, tos, tDH and ts to apply. 


Note 9: To achieve this low feedthrough 
in the 0 package, the user must ground the metal lid. If the lid is left floating the feedthrough 
is typically 6 mV. 


Note 
10: Typicals are at 25°C and represent 
the most likely parametric 
norm. 


Nole 
11: A 10 nA leakage current with RFb-20k 
and VREF= 10V corresponds 
to a zero error of(10X 
10-9x20x1()3)X1oo% 
10V or 0.002% 
of Fs. 


Nole12: 
Human body model, 100 pF discharged 
through a 1.S kfi resistor. 


Nole 
13: Tested limit for -1 
suffix parts applies only at 2S-C. 


Connection Diagrams 


Dual-In-Llne 
Package 
Dual-ln-L1ne 
Package 
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TDPYIR 
TL/H/5690-2 


See 
Ordering 
Information 


• 


Switching Waveforms 
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5O%,'cs 


I 
-'CH 
150% 
CS, IVTE "IVTE 2 


VIL 
!--tw- 
VIH 


jjjj 
50% 
5011 
-A 
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5011 
'lo.5lllI 


DATA IITS 
./ 


V'L 


10UTI, loun 
--pt:; 


SETTLEDTO 
tin LSI 
TUH/5690-3 
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Typical Performance 
Characteristics 


Digital Input Threshold 
Digital Input Threshold vs 
Gain and Unearlty Error 
vSVcc 
Temperature 
Variation vs Temperature 
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TUH/5690-4 


Definition of Package Pinouts 


CONTROL 
SIGNALS 
(all control 
signals 
are level actuated) 


CS: Chip Select 
(active 
low). The CS will enable 
WR1. 


WR1: Write 
1. The active low WR1 is used to load the digital 


data bits (01) into the input latch. The data in the input latch 
is latched 
when WR1 is high. The 
12-bit input 
latch 
is split 


into two latches. 
One holds 
the first 8 bits, while 
the other 


holds 4 bits. The Byte 1/Byte 
2 control 
pin is used to select 


both latches 
when 
Byte 1/Byte 
2 is high or to overwrite 
the 


4-bit input latch when 
in the low state. 


Byte 
lIByte 
2: Byte Sequence 
Control. 
When this control 
is 


high, all 12 locations 
of the input 
latch 
are enabled. 
When 
low, only the four least significant 
locations 
of the input latch 


are enabled. 


WR2: Write 
2 (active 
low). The WR2 will enable XItR. 


XFER: 
Transfer 
Control 
Signal 
(active 
low). 
This signal, 
in 


combination 
with 
WR2, 
causes 
the 
12-bit 
data 
which 
is 


available 
in the input latches 
to transfer 
to the OAC register. 


DID to 0111: Digital 
Inputs. 
010 is the least significant 
digital 


input 
(LSB) 
and 
0111 is the 
most 
significant 
digital 
input 


(MSB). 


IOUT1: OAC Current 
Output 
1. IOUT1 is a maximum 
for a 


digital 
code 
of all 1s in the OAC register, 
and is zero for all 


Os in the OAC register. 


IOUT2: OAC Current 
Output 
2. IOUT2 is a constant 
minus 
'OUT1, or 
IOUT1+ IOUT2 = constant 
(for 
a fixed 
reference 


voltage). 
This constant 
current 
is 


VREF X (1 
- 
40~6) 


divided 
by the reference 
input resistance. 


RFb: Feedback 
Resistor. 
The feedback 
resistor 
is provided 
on the IC chip for use as the shunt feedback 
resistor 
for the 


external 
op amp which 
is used to provide 
an output 
voltage 


for the 
OAC. This 
on-chip 
resistor 
should 
always 
be used 


(not an external 
resistor) 
since 
it matches 
the resistors 
in 


the 
on-chip 
R-2R 
ladder 
and 
tracks 
these 
resistors 
over 


temperature. 


VREF: Reference 
Voltage 
Input. This input connects 
an ex- 


ternal 
precision 
voltage 
source 
to the internal 
R-2R ladder. 
VREF can be selected 
over the range of 10V to -10V. 
This 


is also the analog 
voltage 
input for a 4-quadrant 
multiplying 
OAC application. 


Vcc: 
Digital Supply 
Voltage. 
This is the power supply pin for 
the 
part. Vcc 
can be from 
5 Voc 
to 15 Voc. 
Operation 
is 
optimum 
for 15 Voc. 


GND: 
Pins 
3 
and 
12 
of 
the 
OAC1208, 
OAC1209, 
and 
OAC1210 
must be connected 
to ground. 
Pins 3 and 
10 of 


a) End Point 
Test 
After 
Zero 
and FS Adjust 


the OAC1230, 
OAC1231, 
and OAC1232 
must be connected 


to ground. 
It is important 
that lOUT1 and lOUT2 are at ground 
potential 
for current 
switching 
applications. 
Any difference 


of 
potential 
(Vos 
on 
these 
pins) 
will 
result 
in a linearity 


change 
of 
Vos 


3VREF 


For example, 
if VREF = 
10V and these 
ground 
pins are 9 


mV offset 
from IOUT1 and IOUT2' the linearity 
change 
will be 


0.03%. 


Definition of Terms 


Resolution: 
Resolution 
is defined 
as the reciprocal 
of the 


number 
of discrete 
steps 
in the 
OAC output. 
It is directly 


related 
to the number 
of switches 
or bits within the OAC. For 


example, 
the OAC1208 
has 212 or 4096 steps and therefore 


has 12-bit resolution. 


Linearity 
Error: 
Linearity 
error 
is the 
maximum 
deviation 


from 
a straight 
line passing 
through 
the 
endpoints 
of the 


DAG 
transfer 
characteristic. 
It is measured 
after 
adjusting 


for zero and full-scale. 
Linearity 
error is a parameter 
intrinsic 


to the device 
and cannot 
be externally 
adjusted. 


National's 
linearity 
test (a) and the best straight 
line test (b) 


used 
by 
other 
suppliers 
are 
illustrated 
below. 
The 
best 


straight 
line (b) requires 
a special 
zero and FS adjustment 


for 
each 
part, 
which 
is almost 
impossible 
for the 
user 
to 


determine. 
The end point test uses a standard 
zero FS ad- 


justment 
procedure 
and 
is a much 
more 
stringent 
test 
for 


OAC linearity. 


Power 
Supply 
Sensitivity: 
Power 
supply 
sensitivity 
is a 


measure 
of the effect 
of power supply 
changes 
on the OAC 


full-scale 
output. 


Settling 
Time: 
Full-scale 
current 
settling 
time requires 
zero 


to full-scale 
or full-scale 
to zero output 
change. 
Settling 
time 


is the 
time 
required 
from 
a code 
transition 
until 
the 
OAC 


output 
reaches 
within 
± '12 LSB of the final output 
value. 


Full-Scale 
Error: 
Full-scale 
error is a measure 
of the output 


error 
between 
an ideal 
OAC and the actual 
device 
output. 


Ideally, 
for the 
OAC1208 
or OAC1230 
series, 
full-scale 
is 


VREF-1 
LSB. 
For 
VREF=10V 
and 
unipolar 
operation, 


VFULL-SCALE = 1O.OOOOV- 2.44 
mV = 9.9976V. 
Full-scale 


error is adjustable 
to zero. 


Differential 
Non-Linearity: 
The 
difference 
between 
any 


two consecutive 
codes 
in the transfer 
curve from 
the theo- 


retical 
1 LSB is differential 
non-linearity. 


Monotonic: 
If the output 
of a OAC increases 
for increasing 


digital input code, then the OAC is monotonic. 
A 12-bit OAC 


which 
is monotonic 
to 12 bits simply 
means 
that 
input 
in- 


creasing 
digital 
input codes 
will produce 
an increasing 
ana- 


log output. 


b) Shifting 
FS Adjust 
to Pass 
Best Straight 
Line Test 


• 


Application 
Hints 


1.0 DIGITAL 
INTERFACE 


These DACs are designed to provide all of the necessary 
digital input circuitry to permit a direct interface to a wide 
variety of microprocessor systems. The timing and logic lev- 
el convention of the input control signals allow the DACs to 
be treated as a typical memory device or I/O peripheral with 
no external logic required in most systems. Essentially 
these DACs can be mapped as a two-byte stack in memory 
(or I/O space) to receive their 12 bits of input data in two 
successive 8-bit data writing sequences. The DAC1230 se- 
ries is intended for use in systems with an 8-bit data bus. 
The DAC1208 series provides all 12 digital input lines which 
can be externally configured to be controlled from an 8-bit 
bus or can be driven directly from a 16-bit data bus. 
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All of the digital inputs to these DACs contain a unique 
threshold regulator circuit to maintain TIL 
voltage level 
compatibility independent of the applied Vcc to the DAC. 
Any input can also be driven from higher voltage CMOS 
logic levels in non-microprocessor based systems. To pre- 
vent damage to the chip from static discharge, all unused 
digital inputs should be tied to Vcc or ground. As a trouble- 
shooting aid, if any digital input is inadvertently left floating, 
the DAC will interpret the pin as a logic "1". 
Double buffered digital inputs allow the DAC to internally 
format the 12-bit word used to set the current switching R- 
2R ladder network (see section 2.0) from two 8-bit data 
write cycles. Figures 
1 and 2 show the internal data regis- 


ters and their controlling logic circuitry. The timing diagrams 
for updating the DAC output are shown in sections 1.1, 1.2 
and 1.3 for three possible control modes. The method used 
depends strictly upon the particular application. 
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1.1 Automatic 
Transfer 


The 12-bit DAC word is automatically 
transferred 
to the DAC register 
and the R-2R ladder when the second 
write (the 4 LSBs of 
the data) occurs. 
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1.2 Independent 
Processor 
Transfer 
Control 


In this case a separate 
address 
is decoded 
to provide 
the XFER signal. This allows the processor 
to load the next required 
DAC 
word 
but not change 
the analog 
output 
until some 
time later, most useful 
for the simultaneous 
updating 
of several 
DACs in a 
system 
where 
their XFER 
lines would 
be tied together. 
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1.3 Transfer 
via an External 
Strobe 


This method 
is basically 
the same 
as the previous 
operation 
except 
the XFER 
signal 
is provided 
by a device 
other 
than 
the 
processor. 
This allows the DAC to hold the code for a conditional 
analog output 
signal which will be required 
on demand 
from an 
external 
monitoring 
device 
(an analog 
voltage 
comparator 
for instance). 
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It is important 
to 
realize 
that 
the 
input 
registers 
of these 
DACs are arranged 
to accept 
a left-justified 
data word from 
the microprocessor 
with the most 
significant 
B bits coming 
first 
(Byte 
1) and the lower 
4 bits second. 
Left justification 
simply 
means that the binary point is assumed 
to be located 
to the left of the most significant 
bit. Figure 3 shows 
how the 
12 bits of DAC data should 
be arranged 
in 2 B-bit registers 
of an B-bit processor 
before 
being written 
to the DAC. 


The 
DAC120B 
series 
provides 
all 12 digital 
input 
lines 
to 
permit 
a direct 
parallel 
interface 
to a 16-bil data bus. In this 
instance, 
double 
buffering 
is not always 
necessary 
(unless 
a 
simultaneous 
updating 
of several 
DACs 
or a data 
transfer 


via an external 
strobe 
is desired) 
so the 12-bit DAC register 
can be wired 
to flow-through 
whereby 
its Q outputs 
always 
reflect 
the 
state 
of its D inputs. 
The 
external 
connections 
required 
and the timing 
diagram 
for this single 
buffered 
ap- 


plication 
are shown 
in Figure 4. Note that either left or right- 
justified 
data 
from 
the 
processor 
can 
be accommodated 
with a 16-bit data bus. 


1.6 Flow-Through 
Operation 


Through 
primarily 
designed 
to provide 
microprocessor 
inter- 


face 
compatibility, 
the 
MICRO-DACs 
can easily 
be config- 
ured to allow 
the analog 
output 
to continuously 
reflect 
the 
state of an applied 
digital input. This is most useful 
in appli- 
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Application Hints (Continued) 
cations where the DAC is used in a continuous feedback 
control loop and is driven by a binary up/down counter, or in 
function generation circuits where a ROM is continuously 
providing DAC data. 
Only the DAC1208, DAC1209, DAC1210 devices can have 
all 12 inputs flow-through. Simply grounding CS, WR1, WR2 
and XFER and tying Byte 1/Byte 2 high allows both internal 
registers to follow the applied digital inputs (flow-through) 
and directly affect the DAC analog output. 


1.7 Address Decoding Tips 


It is possible to map the MICRO·DACs into system ROM 
space to allow more efficient use of existing address decod· 
ing hardware. The DAC in effect can share the same ad· 
dresses of any number of ROM locations. The ROM outputs 
will only be enabled by a READ of its address (gated by the 
system READ strobe) and the DAC will only accept data 
that is written to the same' address (gated by the system 
WRITE strobe). 
The Byte 1/Byte 2 control function can easily be generated 
by the processor's least significant address bit (AO)by plac- 
ing the DAC at two consecutive address locations and utiliz- 
ing double·byte WRITE instructions which automatically in· 
crement or decrement the address. The CS and XFER sig- 
nals can then be decoded from the remaining address bits. 
Care must be taken in selecting the actual address used 
for Byte 1 of the DAC to prevent a carry (as a result of 


incremenling the address for Byte 2) from propagating 
through the address word and changing any of the bits de· 
coded for CS or XFER. Figure 5 shows how to prevent this 
effect. 


The same problem can occur from a borrow when an auto- 
decremented address is used; but only if the processor's 
address outputs are inverted before being decoded. 


1.8 Control Signal Timing 
When interfacing these MICRO·DACs to any microproces- 
sor, there are two important time relationships that must be 
considered to insure proper operation. The first is the mini- 
mum WR strobe pulse width which is specified as 320 ns for 
Vcc= 11.4V to 15.75V and operation over temperature, but 
typically a pulse width of only 250 ns is adequate. A second 
consideration is that the guaranteed minimum data hold 
time of 90 ns should be met or erroneous data can be 
latched. This hold time is defined as the length of time data 
must be held valid on the digital inputs after a qualified (via 
CS) WR strobe makes a low to high transition to latch the 
applied data. 
If the controlling device or system does not inherently meet 
these timing specs the DAC can be treated as a slow mem- 
ory or peripheral and utilize a technique to ex1endthe write 
strobe. A simple ex1ension of the write time, by adding a 
wait state, can simultaneously hold the write strobe active 
and data valid on the bus to satisfy the minimum WR pulse 
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width. If this does not provide a sufficient data hold time at 
the end of the write cycle, a negative edge triggered one- 
shot can be included between the system write strobe and 
the WR pin of the DAC. This is illustrated in Figure 6 for an 
exemplary system which provides a 250 ns WR strobe time 
with a data hold time of only 10 ns. 
The proper data set-up time prior to the latching edge (low 
to high transition) of the WR strobe, is insured if the WR 
pulse width is within spec and the data is valid on the bus for 
the duration of the DAC WR strobe. 


1.9 Digital Signal Feedthrough 
A typical microprocessor is a tremendous potential source 
of high frequency noise which can be coupled to sensitive 
analog circuitry. The fast edges of the data and address bus 
signals generate frequency components of 10's of mega- 
hertz and may cause fast transients to appear at the DAC 
output, even when data is latched internally. 
In low frequency or DC applications, low pass filtering can 
reduce the magnitude of any fast transients. This is most 


easily accomplished by over-compensating the DAC output 
amplifier by increasing the value of its feedback capacitor. 
In applications requiring a fast output response from the 
DAC and op amp, filtering may not be feasible. In this event, 
digital signals can be completely isolated from the DAC 
circuitry, by the use of a DM74LS374 latch, until a valid 
cg signal is applied to update the DAC. This is shown in 
Figure 
7. 
A single TRI-STATE<8>data buffer such as the DM81LS95 
can be used to isolate any number of DACs in a system. 
Figure 8 shows this isolating circuitry and decoding hard- 
ware for a multiple DAC analog output card. Pull-up resis- 
tors are used on the buffer outputs to limit the impedance at 
the DAC digital inputs when the card is not selected. A 
unique feature of this card is that the DAC XFER strobes are 
controlled by the data bus. This allows a very flexible update 
of any combination of analog outputs via a transfer word 
which would contain a zero in the bit position assigned to 
any of the DACs reqUiredto change to a new output value. 
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2.0 ANALOG 
APPLICATIONS 


The analog 
output 
signal for these 
DACs is derived 
from 
a 


conventional 
R-2R current 
switching 
ladder 
network. 
A de- 
tailed 
description 
of 
this 
network 
can 
be 
found 
on 
the 


DAC1000 
series 
data 
sheet. 
Basically, 
output 
IOUT1 pro- 


vides 
a current 
directly 
proportional 
to the 
product 
of the 


applied 
reference 
voltage 
and the digital 
input word. A sec- 


ond output, 
IOUT2 will be a current 
proportional 
to the com- 


plement 
of the digital 
input. Specifically: 


I 
- 
VREF X 
D 
. 
OUT1 - 
-R- 
4096' 


I 
VREF 
4095 
- 
D 


OUT2 = R x 
4096 


where 
D is the decimal 
equivalent 
of the applied 
12-bit bina- 


ry word 
(ranging 
from 
0 to 4095), 
VREF is the voltage 
ap- 


plied to the VREF terminal 
and R is the internal 
resistance 
of 


the R-2R ladder. 
R is nominally 
15 kO. 


2.1 Obtaining 
a Unipolar 
Output 
Voltage 


To maintain 
linearity 
of output 
current 
with 
changes 
in the 


applied 
digital code, 
it is important 
that the voltages 
at both 


of the 
current 
output 
pins 
be as near ground 
potential 
(0 


Voc) 
as possible. 
With VREF= + 10V every millivolt 
appear- 


ing at either 
IOUT1 or IOUT2 will 
cause 
a 0.01 % linearity 


error. In most applications 
this output current 
is converted 
to 


a voltage 
by using an op amp as shown 
in Figure 
9. 


The inverting 
input of the op amp is a virtual ground 
created 
by the feedback 
from 
its output 
through 
the internal 
15 kO 
resistor, 
RFb. All of the 
output 
current 
(determined 
by the 
digital input and the reference 
voltage) 
will flow through 
RFb 
to the output 
of the amplifier. 
Two-quadrant 
operation 
can 
be obtained 
by reversing 
the polarity 
of VREF thus causing 
IOUT1 to flow into the DAC and be sourced 
from the output 
of the amplifier. 
The output 
voltage, 
in either case, is always 
equal to loun 
x RFb and is the opposite 
polarity 
of the ref- 
erence 
voltage. 


The reference 
can be either 
a stable 
DC voltage 
source 
or 


an AC signal 
anywhere 
in the range 
from 
-10V 
to + 10V. 


The DAC can be thought 
of as a digitally 
controlled 
attenua- 


tor: the output 
voltage 
is always 
less than the applied 
refer- 
ence 
voltage. 
The VAEF terminal 
of the device 
presents 
a 
nominal 
impedance 
of 15 kO to ground 
to external 
circuitry. 


Always 
use the 
internal 
RFb resistor 
to create 
an output 
voltage 
since this resistor 
matches 
(and tracks 
with temper- 


ature) the value of the resistors 
used to generate 
the output 
current 
(IOUT1)' 


The selected 
op amp 
should 
have as low a value 
of input 
bias 
current 
as possible. 
The 
product 
of the 
bias 
current 


times the feedback 
resistance 
creates 
an ou1put voltage 
er- 


ror which 
can be significant 
in low reference 
voltage 
appli- 


cations. 
BI-FETTM op amps are highly recommended 
for use 
with these 
DACs because 
of their very lOw input current. 


VOUT ~ 
-(Ioun 
x RFt» 


= -VAEAD) 
4096 


forO" 
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Transient response and settling time of the op amp are im- 
portant in fast data throughput applications. The largest sta- 
bility problem is the feedback pole created by the feedback 
resistance, RFb, and the output capacitance of the DAC. 
This appears from the op amp output to the (-) 
input and 


includes the stray capacitance at this node. Addition of a 
lead capacitance, Cc in Figure 9, greatly reduces overshoot 
and ringing at the output for a step change in DAC output 
current. 


2.1.1 Zero and Fun-SCaleAdjustments 


For accurate conversions, the input offset voltage of the 
output amplifier must always be nulled. Amplifier offset er- 
rors create an overall degradation of DAC linearity. 
The fundamental purpose of zeroing is to make the voltage 
appearing at the DAC outputs as near 0 Voc as possible. 
This is accomplished by shorting out RFb'the amplifier feed- 
back resistor, and adjusting the vas nulling potentiometer of 
the op amp until the output reads zero volts. This is done, of 
course, with an applied digital code of all zeros if 'aUT1 is 
driving the op amp (all ones for laUT2). The short around 
RFbis then removed and the converter is zero adjusted. 
A unique feature of this series of DACs is that the full-scale 
or gain error is guaranteed to be negative. The gain error 
specification is a measure of how close the value of the 


internal feedback resistor, RFb' matches the R-2R ladder 
resistors. A negative gain error indicates that RFbis a small- 
er resistance value than it should be. To adjust this gain 
error, some resistance must always be added in series with 
RFb' The 50n potentiometer shown is sufficient to adjust 
the worst-case gain error for these devices. 


2.2 Bipolar Output Voltage from a Fixed Reference 


The addition of a second op amp to the unipolar circuit can 
generate a bipolar output voltage from a fixed reference 
voltage. This, in effect, gives sign significance to the MSB of 
the digital input word to allow two quadrant multiplication of 
the reference voltage. The polarity of the reference can also 
be reversed to realize full 4-quadrant mUltiplication.This cir- 
cuit is shown in Figure 
10. 


This configuration features several improvements over ex- 
isting circuits for a bipolar output shown with other multiply- 
ing DACs. Only the offset voltage of amplifier 1 affects the 
linearity of the DAC. The offset voltage error of the second 
op amp (although a constant output error) has no effect on 
linearity. In addition, this configuration offers a non-interac- 
tive positive and negative full-scale calibration procedure. 
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2.2.1 Zero and Full-Scale Adjustments 
To calibrate the bipolar output circuit, three adjustments are 
required. The first step is to set all of the digital inputs LOW 
(to force IOUT1 to 0) then null the Vos 
of amplifier 1 by 


setting the voltage at its inverting input (pin 2) to zero volts. 
Next, with a code of all zeros still applied, adjust "-full- 
scale adjust", the reference voltage, for VOUT= ± IVREF id- 
eall. The polarity of the output voltage at this time will be 
opposite that of the applied reference. Finally, set all of the 
digital inputs HIGH and adjust "+full-scale 
adjust" 
for 
2047 
VOUT = VREF 2048' 


The polarity of the output will be the same as that of the 
reference voltage. 


3.0 APPLICATION 
IDEAS 
In this section the digital input word is represented by the 
letter D and is equal to the decimal equivalent of the 12-bit 
binary input. Hence D can be any integer value between 0 
and 4095. 
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Ordering Information 


Part Number 
Non-Linearity 
Package 
Temperature 


Range 


DAC1208LCJ 
0.018% 
J24ACerdip 
-40'C 
to +85'C 


DAC1208LCJ·1 
0.018% 
J24ACerdip 
O'Cto 
+70'C 


DAC1209LCJ 
0.024% 
J24ACerdip 
-40'C 
to +85'C 


DAC1210LCJ 
0.050% 
J24ACerdip 
-40'Cto 
+ 85'C 


DAC1210LCJ·1 
0.050% 
J24ACerdip 
O'Cto 
+70'C 


DAC1230LCJ 
0.018% 
J20ACerdip 
-40'C 
to +85'C 


DAC1230LCJ·1 
0.018% 
J20ACerdip 
O'Cto 
+70'C 


DAC1231LCJ 
0.024% 
J20ACerdip 
-40'Cto 
+ 85'C 


DAC1231LCJ·1 
0.024% 
J20ACerdip 
O'Cto 
+70'C 


DAC1231LCN 
0.024% 
N20A Plastic 
O'Cto 
+70'C 


DAC1231 LCWM 
0.024% 
M20BSO 
O'Cto 
+70'C 


DAC1231L1N 
0.024% 
N20A Plastic 
-40'Cto 
+ 85'C 


DAC1232LCJ 
0.050% 
J20A Cerdip 
-40'Cto 
+85'C 


DAC1232LCJ·1 
0.050% 
J20A Cerdip 
O'Cto 
+70'C 


DAC1232LCN 
0.050% 
N20A Plastic 
O'Cto 
+70'C 


DAC1232LCWM 
0.050% 
M20BSO 
O'Cto 
+70'C 


DAC1232L1N 
0.050% 
N20A Plastic 
-40'Cto 
+85'C 


t!lNational 
Semiconductor 


OAC1218/0AC1219 
12-Bit Binary Multiplying 01A Converter 


General Description 
The DAC1218 and the DAC1219 are 12-bit binary, 4-quad- 
rant multiplying D to A converters. The linearity, differential 
non-linearity and monotonicity specifications for these con- 
verters are all guaranteed over temperature. In addition, 
these parameters are specified with standard zero and full- 
scale adjustment procedures as opposed to the impractical 
best fit straight line guarantee. 
This level of precision is achieved though the use of an 
advanced silicon-chromium (SiCr) R-2R resistor ladder net- 
work. This type of thin-film resistor eliminates the parasitic 
diode problems associated with diffused resistors and al- 
lows the applied reference voltage to range from - 25V to 
25V, independent of the logic supply voltage. 
CMOS current switches and drive circuitry are used to 
achieve low power consumption (20 mW typical) and mini- 
mize output leakage current errors (10 nA maximum). 
Unique digital input circuitry maintains TTL compatible input 
threshold voltages over the full operating supply voltage 
range. 
The DAC1218 and DAC1219 are direct replacements for 
the AD7541 series, AD7521 series, and AD7531 series with 
a significant improvement in the linearity specification. In 
applications where direct interface of the D to A converter to 


a microprocessor bus is desirable, the 
DAC1208 and 


DAC1230 series eliminate the need for additional interface 
logic. 


Features 
• 
Linearity specified with zero and full-scale adjust only 


• 
Logic inputs which meet TTL voltage level specs (1.4V 
logic threshold) 
• 
Works with ± 10V reference-full 
4-quadrant 


multiplication 
• 
All parts guaranteed 12-bit monotonic 


Key Specifications 
• 
Current Settling Time 
• 
Resolution 
• 
Linearity (Guaranteed 
over temperature) 


• 
Gain Tempco 
• 
Low Power Dissipation 
• 
Single Power Supply 


1 P.s 
12 Bits 


12 Bits (DAC1218) 
11 Bits (DAC1219) 


1.5 ppm/'C 


20 mW 


5 Voc to 15 Voc 


where: AN = 1 if digital input is high 


AN = 0 if digital input is low 
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Top View 


Temperature 
Range 
O"Cto +70"C 
-40"Cto 
+ 85'C 
Package 
Outline 


Non 
I 
0.012% 
DAC1218LCJ-1 
DAC1218LCJ 
J18ACerdip 


Linearity I 
0.024% 
DAC1219LCJ 
J18ACerdip 


II 


Operating Conditions 
Temperature Range 
DAC1218LCJ, DAC1219LCJ 
DAC1218LCJ-l 


RangeofVee 
Voltage at Any Digital Input 


Absolute Maximum Ratings 
(Notes 1 and 2) 
If Military/Aerospace 
specified 
devices 
are required, 


please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors 
for availability 
and specifications. 


Supply Voltage (Vee) 
17 Voc 


Voltage at Any Digital Input 
Vee to GND 


Voltage at VREFInput 
'± 25V 


Storage Temperature Range 
- 65'C to + 150'C 


Package Dissipation at TA= 25'C (Note 3) 
500 mW 


DC Voltage Applied to IOUT1or IOUT2 
-100 
mV to Vcc 


(Note 4) 
Lead Temp. (Soldering, 10 seconds) 


ESD Susceptibility (Note 11) 


TMIN S; TA s; TMAX 
-40'C 
s; TA s; +85'C 
O'C s; TA s; 70'C 


5 Voc to 16 Voc 
VcctoGND 


300'C 


800V 


Electrical Characteristics 
VREF = 10.000 Voc, Vee = 11.4 Voc to 15.75 Voc unless otherwise noted. Boldface limits apply from TMINto TMAX(see 
Note 9); all other limits TA = TJ = 25'C. 


Typ 
Tested 
Design 


Parameter 
Conditions 
Notes 
Limit 
Limit 
Units 
(Note 10) 
(Note 11) 
(Note 12) 


Resolution 
12 
12 
12 
Bits 


Linearity Error 
Zero and Full-Scale 
4,5,9 


(End Point Linearity) 
Adjusted 
DAC1218 
±O.O18 
±0.O18 
% ofFSR 


DAC1219 
±0.024 
±0.024 
%ofFSR 


Differential Non-Linearity 
Zero and Full-Scale 
4,5,9 
Adjusted 
DAC1218 
±0.O18 
±0.O18 
%ofFSR 


DAC1219 
±0.024 
±0.024 
%ofFSR 


Monotonicity 
4 
12 
12 
12 
Bits 


Gain Error (Min) 
Using Internal RFb' 
5 
-0.1 
0.0 
%ofFSR 


Gain Error (Max) 
VREF= ±10V, ±1V 
5 
-0.1 
-0.2 
%ofFSR 


Gain Error Tempco 
5 
±1.3 
±8.0 
ppmof FSI'C 


Power Supply Rejection 
All Digital Inputs High 
5 
±3.0 
±30 
ppmof FSRIV 


Reference Input Resistance 
(Min) 
9 
15 
10 
10 
kO 


(Max) 
9 
15 
20 
20 
kO 


Output Feedthrough Error 
VREF= 120 Vp-p, f= 100 kHz 
6 
3.0 
mVp-p 


All Data Inputs Low 


Output Capacitance 
All Data Inputs 
IOUTl 
200 
pF 


High 
IOUT2 
70 
pF 


All Data Inputs 
IOUT1 
70 
pF 


Low 
IOUT2 
200 
pF 


Supply Current Drain 
9 
2.0 
2.5 
mA 


Output Leakage Current 
7,9 


IOUTl 
All Data Inputs Low 
10 
10 
nA 
IOUT2 
All Data Inputs High 
10 
10 
nA 


Digital Input Threshold 
Low Threshold 
9 
0.8 
0.8 
VDe 


High Threshold 
2.2 
2.2 
Voc 


Digital Input Currents 
Digital Inputs <0.8V 
9 
-200 
-200 
/LADe 


Digital Inputs> 2.2V 
10 
10 
/LAOC 


ts Current Settling Time 
RL = 1000, Output Settled 
to 0.01%, All Digital Inputs 
1 
/Ls 


Switched SimUltaneously 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical spec;fications 
do not appty when operating 
the device beyond its specjfjed 
operating conditions. 


Note 2: All voltages 
are measured with respect to GND, unless otherwise 
specified. 


Note 3: This 500 mW specification 
applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly 
modify 
the power dissipation) 
removes concern for heat sinking. 


Note 4: Both loun 
and IOUT2must go to ground or the virtual ground 01 an operational 
amplifier. The linearity error is degraded by approximately 
Vos + VREF. For 
example, if VREF=10V 
then a 1 mV offset, Vos, on loun 
or IOUT2will introduce an additional 
0.01% 
linearity error. 


Note 5: The unit FSR stands for full-scale range. Linearity Error and Power Supply Rejection specs are based on this unit to eliminate dependence 
on a particular 
VREF value to indicate the true performance 
of the part. The Linearity Error specification 
of the DAC1218 is 0.012% of FSR. This guarantees that after performing a 
zero and lull-scale 
adjustment, 
the plot of the 4096 analog voltage outputs will each be within 0.012% 
x VREF 01 a straighlline 
which passes lhrough zero and lull- 
scale. The unit ppm 01 FSR (parts per million 01 lull-scale 
range) and ppm 01 FS (parts per million of lull-scale) 
are used lor convenience 
to define specs of very 
small percentage 
values, typical of higher accuracy converters. 
1 ppm of FSR = VREF/1()6 is the conversion 
factor to provide an actual output voltage quantity. For 
example, 
the gain error tempco 
spec of ±6 
ppm of FSrC 
represents 
a worst-case 
full-scale 
gain error change 
with temperature 
from 
-4QOC to +85°C 
of 
±(6)(VREF/lO")(12S'C) 
or ±0.7S (10-3) 
VREF which is ±0.07S% 
01 VREF. 


Note 6: To achieve this low leedthrough 
in lhe D package, the user must ground the metal lid. II the lid is left Iloating the leedthrough 
is typically 6 mY. 


Note 7: A 10 nA leakage current with RFb~20k 
and VREF~ 10V corresponds 
to a zero error 01 (10xl0-9X20Xl03)XlOO% 
10V or 0.002% 
01 FS. 


Note 8: Human body model, 100 pF discharged 
through 1.S kn resistor. 


Note 9: Tested limit for -1 
suffix parts applies only at 2S'C. 


Note 
10: Typicals are at 2S'C and represent 
the most likely parametric 
norm. 


Note 
11: Tested limits are guaranteed 
to National's 
AOOL (Average Outgoing Quality Level). 


Note 
12: Design limits are guaranteed 
but not 100% production 
tested. These limits are not used to calculate 
outgoing quality levels. 
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Digital Input Threshold 
vs Temperature 
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Definition of Package Pinouts 
(A1-A12): 
Digital Inputs. A12 is the least significant digital 


input (LSB) and A1 is the most significant digital input 
(MSB). 


IOUT1:DAC Current Output 1. IOUT1'is a maximum for a 
digital input of all 1s, and is zero for a digital input of all Os. 


IOUT2:DAC Current Output 2. IOUT2is a constant minus 
IOUT1,or IOUT1+ IOUT2= constant (for a fixed reference 
voltage). 


RFb: Feedback Resistor. The feedback resistor is provided 
on the IC chip for use as the shunt feedback resistor for the 
ex1ernalop amp which is used to provide an output voltage 
for the DAC. This on-chip resistor should always be used 
(not an ex1ernal resistor) since it matches the resistors in 
the on-chip R-2R ladder and tracks these resistors over 
temperature. 
VREF:Reference Voltage Input. This input connects to an 
ex1ernal precision voltage source to the internal R-2R lad- 
der. VREFcan be selected over the range of 10V to -10V. 
This is also the analog voltage input for a 4-quadrant multi- 
plying DAC application. 
Vcc: Digital Supply Voltage. This is the power supply pin for 
the part. Vcc can be from 5 Voc to 15 VOC'Operation is 
optimum for 15 Voc. 
GND: Ground. This is the ground for the circuit. 


Definition of Terms 
Resolution: 
Resolution is defined as the reciprocal of the 


number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. For 
example, the DAC1218 has 212or 4096 steps and therefore 
has 12-bit resolution. 
Linearity 
Error: Linearity error in the maximum deviation 


from a straight line passing through the endpoints of the 


DAC transfer characteristic. It is measured after adjusting 
for zero and full scale. Linearity error is a parameter intrinsic 
to the device and cannot be ex1ernallyadjusted. 
National's linearity test (a) and the best straight line test (b) 
used by other suppliers are illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end point test uses a standard zero FS ad- 
justment procedure and is a much more stringent test for 
DAC linearity. 
Power Supply Sensitivity: 
Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output. 


settling 
Time: Full-scale current settling time requires zero 
to full-scale or full-scale to zero output change. Settling time 
is the time required from a code transition until the DAC 
output reaches within ± 1/2 LSB of the final output value. 


Full-scale Error: Full-scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1218 full-scale is VREF-1 
LSB. For 


VREF= 10V 
and 
unipolar 
operation, 
VFULL- 


SCALE= 1O.OOOOV 
- 2.44 mV= 9.9976V. Full-scale error is 


adjustable to zero. 
Differential 
Non·Unearlty: 
The difference between any 


two consecutive codes in the transfer curve from the theo- 
retical 1 LSB is differential non-linearity. 
Monotonic: 
If the output of a DAC increases for increasing 


digital input code, then the DAC is monotonic. A 12-bit DAC 
which is monotonic to 12 bits simply means that input in- 
creasing digital input codes will produce an increasing ana- 
log output. 
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Application 
Hints 


The DAC1218 
and DAC1219 
are pin-for-pin 
compatible 
with 


the DAC1220 
series but feature 
12 and 11-bit linearity 
spec- 


ifications. 
To preserve 
this 
degree 
of accuracy, 
care 
must 


be taken 
in the selection 
and adjustments 
of the output 
am- 


plifier and reference 
voltage. 
Careful 
PC board 
layout 
is im- 


portant, 
with 
emphasis 
made 
on compactness 
of compo- 


nents 
to prevent 
inadvertent 
noise 
pickup 
and utilization 
of 


single 
point grounding 
and supply 
distribution. 


1.0 BASIC 
CIRCUIT 
DESCRIPTION 


Figure 
1 illustrates 
the 
R-2R 
current 
switching 
ladder 
net- 
work 
used in the DAC1218 
and DAC1219. 
As a function 
of 


the 
logic 
state 
of each 
digital 
input, 
the 
binarily 
weighted 


current 
in each 
leg of the ladder 
is switched 
to either 
IOUT1 


or IOUT2. The voltage 
potential 
at IOUT1 and IOUT2 must be 


at zero volts to keep the current 
in each leg the same, inde- 
pendent 
of the switch 
state. 


The switches 
operate 
with a small voltage 
drop across 
them 


and can therefore 
conduct 
currents 
of either 
polarity. 
This 


permits 
the 
reference 
to be positive 
or negative, 
thereby 


allowing 
4-quadrant 
multiplication 
by the digital 
input word. 
The reference 
can be a stable 
DC source 
or a bipolar 
AC 


signal within the range of ± 10V, for specified 
accuracy, 
with 


an absolute 
maximum 
range 
of 
±25V. 
The 
reference 
can 


also exceed 
the applied 
Vcc 
of the DAC. 


The maximum 
output 
current 
from 
either 
IOUT1 or IOUT2 is 


equal to 


VREF(max) (4095) 
R 
4096' 


where 
R is the reference 
input resistance 
(typically 
15 kO). 


A high level on any digital 
input steers 
current 
to IOUT1 and 


a low level steers 
current 
to IOUT2. 


2.0 CREATING 
A UNIPOLAR 
OUTPUT 
VOLTAGE 
(A DIGITAL 
ATTENUATOR) 


To generate 
an output 
voltage 
and keep the potential 
at the 


current 
output 
terminals 
at OV, an op amp current 
to voltage 


converter 
is used. 
As shown 
in Figure 
2, the 
current 
from 


IOUT1 flows 
through 
the feedback 
resistor, 
forcing 
a propor- 


tional voltage 
at the amplifier 
output. 
The voltage 
at loun 
is 


held at a virtual 
ground 
potential. 
The feedback 
resistor 
is 


provided 
on 
the 
chip 
and 
should 
always 
be 
used 
as 
it 


matches 
and tracks 
the 
R value 
of the 
R-2R 
ladder. 
The 


output 
voltage 
is the opposite 
polarity 
of the applied 
refer- 


ence voltage. 


2.1 Amplifier 
Considerations 


To 
maintain 
linearity 
of the 
output 
voltage 
with 
changing 


digital 
input codes 
the input 
offset 
voltage 
of the amplifier 


must 
be 
nulled. 
The 
resistance 
from 
IOUT1 to 
ground 


(R10UT1) varies 
non-linearly 
with 
the 
applied 
digital 
code 
from 
a minimum 
of R with all ones 
applied 
to the 
Input to 


near 
00 with an all zeros code. 
Any offset 
voltage 
between 


the amplifier 
inputs 
appears 
at the output 
with a gain of 


+~. 


R10UT1 
Since 
R10UT1 varies 
with the input code, 
any offset 
will de- 


grade output 
linearity. 
(See Note 4 of Electncal 
Charactens- 


tics.) 


If the desired 
amplifier 
does not have offset 
balancing 
pins 


available 
(it could 
be part of a dual or quad 
package) 
the 


nulling 
circuit 
of Figure 
3 can be used. 
The voltage 
at the 


non-inverting 
input will be set to - 
Vos 
initially to force 
the 


inverting 
input 
to OV. The common 
technique 
of summing 


current 
into the amplifier 
summing 
junction 
cannot 
be used 


as it directly 
introduces 
a zero code output 
current 
error. 


Note: Switches shown in digital high state. 


FIGURE 
1. The R·2R Current 
Switching 
Ladder 
Network 


VOUT 
~ 
-VREF (~+ ~ +~ + 
~) 
2 
4 
B 
"'4096 


where: AN = 1 if digital input is high 


AN ~ 0 if digital input is low 


TLiH/5691-6 


FIGURE 3. Zeroing an Amplifier Which Does Not Have Balancing Provisions 


The selected amplifier should have as Iowan 
input bias 
current as possible since input bias current contributes to 
the current flowing through the feedback resistor. SI-FETTM 
op amps such as the LF356 or LF351 or bipolar op amps 
with super f3 input transistors like the LM11 or LM308A pro- 
duce negligible errors. 


2.2 Zero and Fun-Scale Adjustments 
The fundamental purpose is to make the output voltages as 
near 0 Voc as possible. This is accomplished in the circuit 
of Figure 2 by shorting out the amplifier feedback resist- 
ance, and adjusting the Vas nulling potentiometer of the op 
amp until the output reads zero volts. This is done 
of 
course, with an applied digital input of all zeros if laU;1 is 
driving the op amp (all ones for laUT2)' The feedback short 
is then removed and the converter is zero adjusted. 
A unique characteristic of these DACs is that any full-scale 
or gain error is always negative. This means that for a full- 
scale input code the output voltage, if not inherently correct, 
will always be less than what it should be. This ensures that 
adding an appropriate resistance in series with the internal 
feedback resistor, RFb'will always correct for any gain error. 
The 500 potentiometer in Figure 2 is all that is needed to 
adjust the worst case DAC gain error. 
Conversion accuracy is only as good as the applied refer- 
ence voltage, so providing a source that is stable over time 
and temperature is important. 


2.3 Output Settling Time 
The output voltage settling time for this circuit in response 
to a change of the digital input code (a full-scale change is 
the worst case) is a combination of the DAC's output current 
settling characteristics and the settling characteristics of the 
output amplifier. The amplifier settling is further degraded by 
a feedback pole formed by the feedback resistance and the 
DAC output capacitance (which varies with the digital code). 
First order compensation for this pole is achieved by adding 
a feedback zero with capacitor Cc shown in Figure 
2. 
In many applications output response time and settling is 
just as important as accuracy. It can be difficult to find a 
single op amp that combines excellent DC characteristics 
(low Vas, Vas drift and bias current) with fast response and 
settling time. SI-FET op amps offer a reasonable compro- 
mise of high speed and good DC characteristics. The circuit 
of Figure 4 illustrates a composite amplifier connection that 
combines the speed of a SI-FET LF351 with the excellent 
DC input characteristics of the LM11. If output settling time 
is not so critical, the LM11 can be used alone. 


Figure 5 is a settling time test circuit for the complete volt- 
age output DAC circuit. The circuit allows the settling time of 
the DAC amplifier to be measured to a resolution of 1 mV 
out of a zero to ± 1OVfull-scale output change on an oscil- 
loscope. Figure 6 summarizes the measured settling times 
for several output amplifiers and feedback compensation 
capacitors. 


PULSE GENERATOR 
INPUT 
IV-IV 


Amplifier 
Cc 
Settling 
Time 
to 0.01% 


LM11 
20pF 
30 "'S 
LF351 
15pF 
8 "'S 
LF351 
30pF 
5 "'S 
Composite 
20 pF 
8 ",S 
LM11-LF351 


LF356 
15pF 
6 ",S 


SETTLE 
SIGNAL 
OUT 
(TO SCoPEI • 


Application 
Hints 
(Continued) 


3.0 OBTAINING 
A BIPOLAR 
OUTPUT 
VOLTAGE 


FROM A FIXED 
REFERENCE 


The addition 
of a second 
op amp to the circuit 
of Figure 
2 


can generate 
a bipolar output voltage 
from a fixed reference 


voltage 
(Figure 
7). This, in effect 
gives 
sign significance 
to 


the MSB of the digital input word to allow two quadrant 
mul- 


tiplication 
of the reference 
voltage. 
The polarity 
of the refer- 
ence voltage 
can also be reversed 
to realize full 4-quadrant 


mUltiplication. 


The output 
responds 
in accordance 
to the following 
expres- 


sion: 


where 0 is the decimal 
equivalent 
of the true binary 
input 
word. 
This 
configuration 
inherently 
accepts 
a code 
(half- 


scale 
or 0 =2048) 
to provide 
OV out without 
requiring 
an 
external y. LSB offset 
as needed 
by other 
bipolar 
multiply- 


ing OAC circuits. 


Only 
the 
offset 
voltage 
of amplifier 
A 1 need 
be nulled 
to 
preserve 
linearity. 
The gain setting 
resistors 
around 
A2 must 


match 
and track 
each other. 
A thin film, 4-resistor 
network 


available 
from 
Beckman 
Instruments, 
Inc. (part 
no. 694-3- 
R10K-D) 
is ideally suited for this application. 
Two of the four 
resistors 
can be paralleled 
to form 
R and the other 
two can 
be used separately 
as the resistors 
labeled 
2R. 


Operation 
is summarized 
in the table 
below: 
( 
0 
- 
2048) 
Vo = VREF 
2048 
,0 
,;; 0 ,;; 4095 


Applied 
Decimal 
Digital Input 
VOUT 


MSB 
LSB 
Equivalent 
+VREF 
-VREF 


1 
1 
1 
1 
1 
1 
1 
. 1 
1 
1 
1 
1 
4095 
VREF-1 
LSB 
- 
VREFI + 1 LSB 


1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3072 
VREF/2 
-IVREFI/2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2048 
0 
0 


0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2047 
-1 
LSB 
+1 
LSB 


0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1024 
-VREF/2 
+/VREFI/2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-VREF 
+IVREFI 


Where 
1 LSB = IVREFI 


2048 


±VREF 


-FULL·SCALE 


ADJUST 


m 
ZERD 


ADJUST 


Application 
Hints 
(Continued) 


3.1 Zero and Full-Scale 
Adjustments 


The three 
adjustments 
needed 
for this circuit 
are shown 
in 


Figure 
7. The first step is to set all of the digital inputs 
LOW 


(to force 
IOUT1 to 0) and then 
trim 
"zero 
adjust" 
for zero 


volts at the inverting 
input (pin 2) of OA 1. Next, with a code 


of all zeros still applied, 
adjust 
"- full-scale 
adjust", 
the refer- 


ence voltage, 
for VOUT = 
± I(ideal VREF)I. The sign of the 


output 
voltage 
will be opposite 
that of the applied 
reference. 


Finally, 
set all of the digital 
inputs 
HIGH and adjust "+ full- 


scale 
adjust" 
for VOUT= VREF (511/512). 
The sign of the 


output 
at this time will be the same as that of the reference 


voltage. 
This + full-scale 
adjustment 
scheme 
takes 
into ac- 


count 
the effects 
of the Vos 
of amplifier 
A2 (as long as this 


offset 
is less than 0.1 % of VREF) and any gain errors due to 


external 
resistor 
mismatch. 


4.0 MISCELLANEOUS 
APPLICATION 
HINTS 


The 
devices 
are 
CMOS 
products 
and 
reasonable 
care 


should 
be exercised 
in handling 
them to prevent 
catastroph- 


ic failures 
due to electrostatic 
discharge. 


During 
power-up 
supply 
voltage 
sequencing, 
the 
negative 


supply of the output 
amplifier 
may appear 
first. This will typi- 


cally cause 
the output 
of the op amp to bias near the nega- 


tive supply 
potential. 
No harm is done to the DAC, however, 


as the on-chip 
15 kfl feedback 
resistor 
sufficiently 
limits the 


current 
flow 
from 
IOUT1 when 
this 
lead is clamped 
to one 


diode 
drop below 
ground. 


As a general 
rule, any unused 
digital 
inputs 
should 
be tied 


high 
or low 
as required 
by the 
applicatior:1. 
As a trouble- 
shooting 
aid, if any digital 
input is left floating, 
the DAC will 


interpret 
that input as a logical 
1 level. 


Additional Application 
Ideas 


For the circuits 
shown, 
D represents 
the decimal 
equivalent 
of the binary 
digital 
input code. 
D ranges 
from 
0 (for an all zeros 
input code) 
to 4095 
(for an all ones input code) 
and for any code can be determined 
from: 


D = 
204B(A1) 
+ 1024(A2) 
+ 512(A2) 
+ ... 2(A11) 
+ 1(A12) 


where 
AN 
= 
1 if that input is high 


AN 
= 
0 if that input is low 


DAC Controlled 
Amplifier 


VIN 


1& 
vcc 
15V 
DAC12l1 


VREF 
11 


GND 


510 
3 
'::" 


15V 
0.1 ~F 


I/Z lZERO 
SHIFT) 


R2 


• C1 controls maximum 
frequency 


• 
<0.5% 
sine wave THO over range 


• Range 
30 kHz maximum 


• Unearity-DAC 
limit 
o 
·f= 
4096 (4/3 AFb C) 
15V 


~ 


m 
m 
OFFSET 
ADJUST 


-11V 


JL 
SQUARE 
OUT 


IV-r-1 
INITIALIZING 
--.J 
~ 
STROlE 
DV 
INPUT 
to 
t, 


F'W • 
C(7.5V) (4OM) (Afb! 


OIVAEF 


-1"'1- 
rn-·-·-·ii-. 
-+-f 
&&u:;n~: 
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MIff 
MAX 


TUH/5691-14 


Section 4 


Voltage References 


Section 4 Contents 


Voltage Reference Selection Guide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-3 
LH0070 Series BCD Buffered Reference 
4-8 
LH0071 Series Precision Buffered Reference 
4-8 
LM113/LM313 
Reference Diode 
4-12 
LM129/LM329 
Precision Reference.................................................. 
4-15 
LM134/LM234/LM334 
3-Terminal Adjustable Current Sources. . . . . . . . . . . . . . . . . . . . . . . . . . . 
.4-20 
LM136-2.5/LM236-2.5/LM336-2.5V 
Reference Diodes.................................. 
4-29 
LM136-5.0/LM236-5.0/LM336-5.0V 
Reference Diodes.................................. 
4-36 
LM169/LM369 
Precision Voltage References. 
. .. . . . . . .. . .. . .. . . .. . .. . ... . .. . . ... . ... . . 
4-43 
LM185/LM285/LM385 
Adjustable Micropower Voltage References. 
. . .. . . . . . .. . . .. . . . .. . . 
4-53 
LM185-1.2/LM285-1.2/LM385-1.2 
MicropowerVoltage 
Reference Diodes................. 
4-60 
LM185-2.5/LM285-2.5/LM385-2.5 
Micropower Voltage Reference Diodes. . . . . . . . . . . . . . . . . 
4-67 
LM199/LM299/LM399/LM3999 
Precision References.................................. 
4-73 
LM368-2.5 Precision Voltage Reference. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-82 
LM368-5.0, LM368-10 Precision Voltage References.................................... 
4-88 
LM4040 Precision Micropower Shunt Voltage Reference 
4-94 
LM4041 Precision Micropower Shunt Voltage Reference. 
.. . . . . . . . . .. . . .. . . .. . . . . . . .. . .. 
4-113 
LM4431 Micropower Shunt Voltage Reference. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-125 
LM9140 Precision Micropower Shunt Voltage Reference. 
. .. . .. . . . . . .. . . .. . .. . . .. . . ..... 
4-131 


t!1National 
Semiconductor 


Voltage Reference Selection Guide 


Shunt Type 
,~ 


Operating 
Voltage 
Temperature 
Output 


Reverse 
Breakdown 
Drift 
Operating 
Dynamic 


Voltage 
(VR) 
Device 
Temp. 
Tolerance 
Current 
Range, 
IR Impedance 
Range' 
Max, TA = 25'C 
ppml'C 
Over 


(Max) 
Range 
(Typ) 


1.2" 
LM4041A-1.2 
I 
±0.1% 
100 
-40'Cto 
+85'C 
60 !LA to 12 mA 
1.5 Max 


1.2" 
LM4041B-1.2 
I 
±0.2% 
100 
- 40'C to + 85'C 
60 !LA to 12 mA 
1.5 Max 


1.2" 
LM4041C-1.2 
I 
±0.5% 
100 
-40'Cto 
+ 85'C 
60 !LA to 12 mA 
1.5 Max 


1.2" 
LM4041D-1.2 
I 
±1.0% 
150 
-40'Cto 
+ 85'C 
65 !LA to 12 mA 
2.0 Max 


1.2" 
LM4041E-1.2 
I 
±2.0% 
150 
-40'Cto 
+85'C 
65 !LA to 12 mA 
2.0 Max 


1.22 
LM113-2 
M 
±1% 
100 (Typ) 
-55'C 
to + 125'C 
500 !LA to 20 mA 
1.0 Max 


1.22 
LM113-1 
M 
±2% 
100 (Typ) 
-55'C 
to + 125'C 
500 !LA to 20 mA 
1.0 Max 


1.22 
LM113 
M 
±5% 
100 (Typ) 
-55'C 
to + 125'C 
500 !LA to 20 mA 
1.0 Max 


1.22 
LM313 
C 
±5% 
.100 (Typ) 
O'Cto 
+70'C 
500 !LA to 20 mA 
1.0 Max 


1.235 
LM185BX-1.2 
M 
±1% 
30 
-55'C 
to + 125'C 
10 !LA to 20 mA 
1 


1.235 
LM185BY-1.2 
M 
±1% 
50 
-55'C 
to + 125'C 
10 !LA to 20 mA 
1 


1.235 
LM185-1.2 
M 
±1% 
150 
-55'C 
to + 125'C 
10 !LA to 20 mA 
1 


1.235 
LM285AX-1.2 
I 
±0.32% 
30 
- 40'C to + 85'C 
10 !LA to 20 mA 
0.2 


1.235 
LM285AY-1.2 
I 
±0.32% 
50 
-40'C 
to +85'C 
10 !LA to 20 mA 
0.2 


1.235 
LM285A-1.2 
I 
±0.32% 
150 
-40'Cto 
+ 85'C 
10 !LA to 20 mA 
0.2 


1.235 
LM285BX-1.2 
I 
±1% 
30 
-40'Cto 
+ 85'C 
10 !LA to 20 mA 
1 


1.235 
LM285BY-1.2 
I 
±1% 
50 
-40'Cto 
+85'C 
10 !LA to 20 mA 
1 


1.235 
LM285-1~2 
I 
±1% 
150 
-40'Cto 
+85'C 
10 !LA to 20 mA 
1 


1.235 
LM385AX-1.2 
C 
±0.32% 
30 
O'Cto 
+70'C 
10 !LA to 20 mA 
0.2 


1.235 
LM385AY-1.2 
C 
'±0.32% 
50 
O'Cto 
+70'C 
10 !LA to 20 mA 
0.2 


1.235 
LM385A-1.2 
C 
±0.32% 
150 
O'Cto 
+70'C 
10 !LA to 20 mA 
0.2 


1.235 
LM385BX-1.2 
C 
±1% 
30 
O'Cto 
+70'C 
15 !LA to 20 mA 
1 


1.235 
LM385BY -1.2 
C 
±1% 
50 
O'Cto 
+70'C 
15 !LA to 20 mA 
1 


1.235 
LM385B-1.2 
C 
±1% 
150 
O'Cto 
+70'C 
15 !LA to 20 mA 
1 


1.235 
LM385-1.2 
C 
+2%, 
-2.4% 
150 
O'Cto 
+70'C 
15 !LA to 20 mA 
1 


1.24 to 5.3 (Adj.) 
LM185B 
M 
±1% 
150 
- 55'C to + 125'C 
10 !LA to 20 mA 
0.3 


1.24 to 5.3 (Adj.) 
LM185BX 
M 
±1% 
30 
-55'C 
to + 125'C 
10 !LA to 20 mA 
0.3 


1.24 to 5.3 (Adj.) 
LM185BY 
M 
±1% 
50 
-55'Cto 
+ 125'C 
10 !LA to 20 mA 
0.3 
1.24 to 5.3 (Adj.) 
LM285BX 
I 
±1% 
30 
-40'Cto 
+ 85'C 
10 !LA to 20 mA 
0.3 
1.24 to 5.3 (Adj.) 
LM285BY 
I 
±1%, 
50 
-40'C 
to + 85'C 
10 !LA to 20 mA 
0.3 
1.24 to 5.3 (Adj.) 
LM285 
I 
±2% 
150 
-40'Cto 
+ 85'C 
10 !LA to 20 mA 
0.3 
1.24 to 5.3 (Adj.) 
LM385BX 
C 
±1% 
30 
O'Cto 
+70'C 
13 !LA to 20 mA 
0.4 
1.24 to 5.3 (Adj.) 
LM385BY 
C 
±1% 
50 
O'Cto 
+70'C 
13 !LA to 20 mA 
0.4 
1.24 to 5.3 (Adj.) 
LM385 
C 
±2% 
150 
O'Cto 
+70'C 
13 !LA to 20 mA 
0.4 


1.225V to 10V (Adj) 
LM4041 D-ADJ 
I 
±0.5% 
150 
- 40'C to + 85'C 
60 !LA to 12 mA 
2.0 
1.225V to 10V (Adj) 
LM4041 C-ADJ 
I 
, 
±1.0% 
100 
-40'Cto 
+85'C 
65 !LA to 12 mA 
2.0 


1.24 to 6.3 (Adj.) 
LM611AM 
M 
±0.6% 
80 
- 55'C to + 125'C 
16 !LA to 10 mA 
0.2 
1.24 to 6.3 (Adj.) 
tLM611M 
M 
±0.6% 
150 
-55'Cto 
+ 125'C 
16 ".Ato 
10 mA 
0.2 


1.24 to 6.3 (Adj.) 
LM611AI 
I 
±0.6% 
80 
-40'Cto 
+ 85'C 
16 !LA to 10 mA 
0.2 


1.24 to 6.3 (Adj.) 
LM6111 
I 
±2.0% 
150 
-40'Cto 
+85'C 
16".A 
to 10 mA 
0.2 


1.24 to 6.3 (Adj.) 
LM611C 
C 
±2.0% 
150 
O'Cto 
+70'C 
16 !LA to 10 mA 
0.2 


1.24 to 6.3 (Adj.) 
ttLM613AM 
M 
±0.6% 
80 
-55'Cto 
+ 125'C 
16 !LA to 10 mA 
0.2 


Shunt Type 
(Continued) 


Operating 
Voltage 
Temperature 
Output 


Reverse 
Breakdown 
Drift 
Operating 
Dynamic 


Voltage 
(VR) 
Device 
Temp. 
Tolerance 
Current 
Range, 
IR 
Impedance 
Range' 
Max, TA = 25'C 
ppmrC 
Over 


(Max) 
Range 
(Typ) 


1.24 to 6.3 (Adj.) 
ttLM613M 
M 
±2.0% 
150 
- 55·C to + 125'C 
16 fLA to 10 mA 
0.2 


1.24 to 6.3 (Adj.) 
LM613AI 
I 
±0.6% 
80 
-40'Cto 
+ 85'C 
16 fLA to 10 mA 
0.2 


1.24 to 6.3 (Adj.) 
LM6131 
I 
±2.0% 
150 
-40'Cto 
+85'C 
16 fLA to 10 mA 
0.2 


1.24 to 6.3 (Adj.) 
LM613C 
C 
±2.0% 
150 
O·Cto 
+70'C 
16 fLA to 10 mA 
0.2 


1.24 to 6.3 (Adj.) 
LM614AM 
M 
±0.6% 
80 
- 55'C to + 125·C 
16 fLA to 10 mA 
0.2 


1.24 to 6.3 (Adj.) 
:j:LM614M 
M 
±2.0% 
150 
-55'C 
to + 125'C 
16 fLA to 10 mA 
0.2 


1.24 to 6.3 (Adj.) 
LM614AI 
I 
±0.6% 
80 
-40'Cto 
+85'C 
16 fLA to 10 mA 
0.2 


1.24 to 6.3 (Adj.) 
LM6141 
I 
±2.0% 
150 
-40'Cto 
+ 85'C 
16 fLA to 10 mA 
0.2 


1.24 to 6.3 (Adj.) 
LM614C 
C 
±2.0% 
150 
O'Cto 
+70'C 
16 fLA to 10 mA 
0.2 


2.49 
LM136A 
M 
±1% 
72 
- 55'C to + 125'C 
400 fLA to 10 mA 
0.4 


2.49 
LM136 
M 
±2% 
72 
-55'C 
to + 125'C 
400 fLA to 10 mA 
0.4 
2.49 
LM236A 
I 
±1% 
72 
- 25'C to + 85'C 
400 fLA to 10 mA 
0.4 
2.49 
LM236 
I 
±2% 
72 
- 25'C to + 85'C 
400 fLA to 10 mA 
0.4 


2.49 
LM336 
I 
±4% 
54 
O'Cto 
+70'C 
400 fLA to 10 mA 
0.4 


2.49 
LM336B 
C 
±2% 
54 
O·Cto 
+70·C 
400 fLA to 10 mA 
0.4 


2.5" 
LM4040A-2.5 
I 
±0.1% 
100 
-40'C 
to + 85'C 
65 fLA to 15 mA 
0.8 Max 


2.5" 
LM4040B-2.5 
I 
±0.2% 
100 
-40'Cto 
+85'C 
65 fLA to 15 mA 
0.8 Max 


2.5" 
LM4040C-2.5 
I 
±0.5% 
100 
-40'Cto 
+ 85'C 
65 fLA to 15 mA 
0.8 Max 


2.5" 
LM4040D-2.5 
I 
±1.0% 
150 
-40'Cto 
+ 85'C 
70 fLA to 15 mA 
0.9 Max 


2.5" 
LM4040E-2.5 
I 
±2.0% 
150 
-40'Cto 
+85'C 
70 fLA to 15 mA 
1.1 Max 


2.5" 
LM4431-2.5 
C 
±2.0% 
30 Typ. 
O·Cto 
+70·C 
100 fLA to 15 mA 
1.0 


2.5 
LM9140BY-2.5 
I 
±0.5% 
25 
-40'Cto 
+85'C 
60 fLA to 15 mA 
0.8 Max 


2.5 
LM185BX-2.5 
M 
±1.5% 
30 
- 55'C to + 125'C 
20 fLA to 20 mA 
1 


2.5 
LM185BY-2.5 
M 
±1.5% 
50 
- 55'C to + 125'C 
20 fLA to 20 mA 
1 


2.5 
LM185B-2.5 
M 
±1.5% 
150 
- 55'C to + 125'C 
20 fLA to 20 mA 
1 


2.5 
LM285AX-2.5 
I 
±0.8% 
30 
-40'Cto 
+ 85'C 
20 fLA to 20 mA 
0.2 


2.5 
LM285AY-2.5 
I 
±0.8% 
50 
-40'Cto 
+85'C 
20 fLA to 20 mA 
0.2 


2.5 
LM285A-2.5 
I 
±0.8% 
150 
-40'Cto 
+85'C 
20 fLA to 20 mA 
0.2 


2.5 
LM285BX-2.5 
I 
±1.5% 
30 
-40'Cto 
+85'C 
20 fLA to 20 mA 
1 


2.5 
LM285BY-2.5 
I 
±1.5% 
50. 
- 40'C to + 85'C 
20 fLA to 20 mA 
1 
2.5 
LM285-2.5 
I 
±1.5% 
150 
- 40'C to + 85'C 
20 fLA to 20 mA 
1 
2.5 
LM385AX-2.5 
C 
±0.8% 
30 
-40'Cto 
+ 85'C 
20 fLA to 20 mA 
0.2 
2.5 
LMS85AY-2.5 
C 
±0.8% 
50 
-40'Cto 
+85'C 
20 fLA to 20 mA 
0.2 
2.5 
LM385A-2.5 
C 
±0.8% 
150 
-40'Cto 
+85'C 
20 fLA to 20 mA 
0.2 
2.5 
LM385BX-2.5 
C 
±1.5% 
30 
O'Cto 
+70·C 
20 fLA to 20 mA 
1 
2.5 
LM385BY-2.5 
C 
±1.5% 
50 
O'Cto 
+70·C 
20 fLA to 20 mA 
1 
2.5 
LM385B-2.5 
C 
±1.5% 
150 
O'Cto 
+700C 
20 fLA to 20 mA 
1 
2.5 
LM385-2.5 
C 
±3% 
150 
O'Cto 
+70·C 
20 fLA to 20 mA 
1 


4.1" 
LM4040A-4.1 
I 
±0.1% 
100 
- 40'C to + 85'C 
68 fLA to 15 mA 
1.0 Max 


4.1" 
LM4040B-4.1 
I 
±0.2% 
100 
-40'Cto 
+85'C 
68 fLA to 15 mA 
1.0 Max 


4.1*' 
LM4040C-4.1 
I 
±0.5% 
100 
-40'Cto 
+ 85'C 
68 fLA to 15 mA 
1.0 Max 


4.1" 
LM4040D-4.1 
I 
d:1.0% 
150 
- 40'C to + 85'C 
73 fLA to 15 mA 
1.3 Max 
4.1 
I 
LM9140BY-4.1 
I 
±0.5% 
25 
- 40'C to + 85'C 
68 fLA to 15 mA 
1.0 Max 


5.0 
1': 
LM136A 
M 
±1% 
72 
- 55'C to + 125'C 
400 fLA to 10 mA 
1.0 Max 


5.0 
LM136 
M 
±2% 
72 
-55·C 
to + 125'C 
400 fLA to 10 mA 
1.0 Max 


5.0 
LM236A 
J 
±1% 
72 
- 25·C to + 85'C 
400 fLA to 10 mA 
1.0 Max 


5.0 
LM236 
I 
±2% 
72 
- 25'C to + 85'C 
400 fLA to 10 mA 
1.0 Max 
5.0 
LM336B 
C 
±2% 
54 
O·Cto 
+70'C 
400 fLA to 10 mA 
1.4 Max 


5.0 
LM336 
C 
±4% 
54 
O'Cto 
+70·C 
400 fLA to 10 mA 
1.4 Max 
5.0" 
LM4040A-5.0 
I 
±0.1% 
,100 
- 40'C to + 85·C 
74 fLA to 15 mA 
1.1 Max 


5.0" 
LM4040B-5.0 
I 
±0.2% 
100 
-40'Cto 
+85'C 
74 fLA to 15 mA 
1.1 Max 


5.0" 
LM4040C-5.0 
I 
±0.5% 
100 
-40'Cto 
+ 85'C 
74 fLA to 15 mA 
1.1 Max 


Shunt Type 
(Continued) 


Operating 
Voltage 
Temperature 
Output 


Reverse 
Breakdown 
Device 
Temp. 
Tolerance 
Drift 
Operating 
Dynamic 


Voltage 
(VR) 
Range' 
Max, TA = 2S'C 
ppmrc 
Over 
Current 
Range, 
IR Impedance 


(Max) 
Range 
(Typ) 


5.0" 
LM4040D-5.0 
I 
±1.0% 
150 
-40'C 
to + 85'C 
79 !LA to 15 mA 
1.5 Max 


5.0 
LM9140BY 
-5.0 
I 
±0.5% 
25 
-400Cto 
+ 85'C 
74 !LA to 15 mA 
1.1 Max 


6.9 
LM129A 
M 
+3%, 
-2% 
10 
- 55'C to + 125'C 
600 !LA to 15 mA 
0.6 


6.9 
LM129B 
M 
+3%, 
-2% 
20 
- 55'C to + 125'C 
600 !LA to 15 mA 
0.6 


6.9 
LM129C 
M 
+3%, 
-2% 
50 
- 55'C to + 125'C 
600 !LA to 15 mA 
0.6 


6.9 
LM329A 
C 
±5% 
50 
O'Cto 
+70'C 
600 !LA to 15 mA 
0.8 


6.9 
LM329B 
C 
±5% 
50 
O'Cto 
+70'C 
600 !LA to 15 mA 
0.8 


6.9 
LM329C 
C 
±5% 
20 
O'Cto 
+70'C 
600 !LA to 15 mA 
0.8 


6.9 
LM329D 
C 
±5% 
100 
O'Cto 
+70'C 
600 !LA to 15 mA 
0.8 


6.95 
LM199A 
M 
±2% 
0.5 
-55'C 
to + 125'C 
500 !LA to 10 mA 
0.5 


6.95 
LM199A-20 
M 
Same as LM 199A with 20 ppm guaranteed 
long term drift. 


6.95 
LM199 
M 
±2% 
1.0 
-55'C 
to + 125'C 
500 !LA to 10 mA 
0.5 


6.95 
LM299A 
I 
±2% 
0.5 
- 25'C to + 85'C 
500 !LA to 10 mA 
0.5 


6.95 
LM299A-20 
I 
Same as LM299A 
with 20 ppm guaranteed 
long term drift. 


6.95 
LM299 
I 
±2% 
1 
- 25'C to + 85'C 
500 !LA to 10 mA 
0.5 


6.95 
LM399A 
C 
±5% 
1 
O'Cto 
+70'C 
500 !LA to 10 mA 
0.5 


6.95 
LM399A-50 
C 
Same as LM399A 
with 50 ppm guaranteed 
long term drift. 


6.95 
LM399 
C 
±5% 
2 
O'Cto 
+70'C 
500 !LA to 10 mA 
0.5 


6.95 
LM3999 
C 
±5% 
5 
O'Cto 
+70'C 
600 !LA to 10 mA 
0.6 


8.2" 
LM4040A-8.2 
I 
±0.1% 
100 
-40'Cto 
+ 85'C 
91 !LA to 15 mA 
1.5 Max 


8.2" 
LM4040B-8.2 
I 
±0.2% 
100 
-40'Cto 
+ 85'C 
91 !LA to 15 mA 
1.5 Max 


8.2" 
LM4040C-8.2 
I 
±0.5% 
100 
- 40'C to + 85'C 
91 !LA to 15 mA 
1.5 Max 


8.2" 
LM4040D-8.2 
I 
±1.0% 
150 
-40'Cto 
+ 85'C 
96 !LA to 15 mA 
1.9Max 


10.0" 
LM4040A-10.0 
I 
±0.1% 
100 
-40'Cto 
+85'C 
100 !LA to 15 mA 
1.7 Max 


10.0" 
LM4040B-10.0 
I 
±0.2% 
100 
-40'Cto 
+85'C 
100 !LA to 15 mA 
1.7Max 


10.0" 
LM4040C-10.0 
I 
±0.5% 
100 
-40'Cto 
+85'C 
100 !LA to 15 mA 
1.7 Max 


10.0" 
LM4040D-10.0 
I 
±1.0% 
150 
- 40'C to + 85'C 
110!LA 
to 15 mA 
2.3 Max 


10.0 
LM9140BY 
-10.0 
I 
±0.5% 
25 
-40'Cto 
+ 85'C 
100 !LA to 15 mA 
1.7 Max 


'C (Commercial) 
~ O'C to 70'C. I (industrial) 
~ 
-2S"C 
to +8S"C 
for the LM236 and LM299, I - 
-40'C 
to +8S"C 
for all others. 


M (Military) 
~ 
- SS"C to + 12S"C 


··Available 
in SOT-23 Package. 


tLM611 
has on-board Op Amp. 


ttLM613 
has on-board 
Dual Op Amp and Dual Comparator. 


tLM614 
has on-board Quad Op Amp. 


Current References 


Output 
Current 


Operating 
Set Current 
Error 
Operating 
Set Current 


Range 


Device 
Temperature 
Voltage 
Temperature 


Range 
2 !LA to 10 !LA 
10 !LA to 1 mA 
1mAtoSmA 
Range 
Dependence' 


2 !LA to 10 mA 
LM134 
-55'C 
to + 125'C 
±8% 
±3% 
±5% 
Wt040V 
0.96Tto 
0.104T 


2 !LA to 10 mA 
LM134-3 
- 55'C to + 125'C 
N/A 
±1% 
N/A 
Wt040V 
0.98Tto 
0.1 02T 


2!LAt010mA 
LM134-6 
- 55'C to + 125'C 
N/A 
±2% 
N/A 
Wt040V 
0.97T to 0.103T 


2 !LA to 10 mA 
LM234 
-25'C 
to + 100'C 
±8% 
±3% 
±5 
Wt040V 
0.96Tto 
0.104T 


2 !LA to 10 mA 
LM234-3 
-25'C 
to + 100'C 
N/A 
±1% 
N/A 
Wt040V 
0.98TtoO.102T 


2 !LA to 10 mA 
LM234-6 
-25'C 
to + 100'C 
N/A 
±2% 
N/A 
Wt040V 
0.97TtoO.103T 


2 !LA to 10 mA 
LM334 
O'Cto 
+70'C 
±12% 
±6% 
±8% 
Wt040V 
0.96Tto 
0.104T 


-set 
current changes 
linearly with temperature 
at a rate of O.33%rc. 


• 


------ 
Drift 
Load Reg. 
_..,VICUoIII" 
wu ••••..••• 
, 


vUtPUI 
Device 
Temp. 
Tolerance 
Current 
Current 


Voltage 
Range' 
Max, T A = 25'C 
ppm/'C 
Over 
ppm/mA 
Range 
(mA) 
(Max) 
Range 


0.2 (Adj) 
tLM10 
M 
±2.5% 
20 typ 
-55'C 
to + 125'C 
100 
OmAto 
+1 mA 
0.27 


0.2 (Adj) 
tLM10B 
I 
±2.5% 
20 typ 
- 25'C to + 85'C 
100 
OmAto 
+1 mA 
0.27 


0.2 (Adj) 
tLM10C 
C 
±5.0% 
30 typ 
O'Cto +70'C 
100 
OmAto 
+1 mA 
0.30 


2.5 
LM368Y-2.5 
C 
±0.2% 
20 
O'Cto +70'C 
25 
OmAto 
+10mA 
0.55 


2.5 
LM368-2.5 
C 
±0.2% 
30 
O'Cto +70'C 
25 
OmAto 
+10mA 
0.55 


5.0 
LM368BY-5.0 
C 
±0.1% 
20 
O'Cto +70'C 
10 
-10mAto 
+10mA 
0.35 


5.0 
LM368-5.0 
C 
±0.1% 
30 
O'Cto +70'C 
10 
-10mAto 
+10mA 
0.35 


10 
LM169B 
M 
±0.05% 
3 
-55'C 
to + 125'C 
8 
-10mAto 
+10mA 
1.8 


10 
LM169 
M 
±0.05% 
5 
-55'C 
to + 125'C 
8 
-10mAto 
+10mA 
1.8 


10 
LH0070-2 
M 
±0.05% 
8 
- 25'C to + 25'C 
60 
Ot05mA 
5 


10 
LH0070-0 
M 
±0.1% 
40 
- 25'C to + 25'C 
60 
OmAt05mA 
5 


10 
LH0070-1 
M 
±0.1% 
20 
- 25'C to + 25'C 
60 
OmAt05mA 
5 


10 
LM369B 
C 
±0.05% 
3 
O'Cto +70'C 
8 
-10mAto 
+10mA 
1.8 


10 
LM369 
C 
±0.05% 
5 
O'Cto +70'C 
8 
-10mAto 
+10mA 
1.8 


10 
LM369C 
C 
±0.05% 
10 
O'Cto +70'C 
8 
-10mAto 
+10mA 
1.8 


10 
LM368Y-l0 
C 
±0.1% 
20 
O'Cto +70'C 
10 
-10mAto 
+10mA 
0.35 


10 
LM368-10 
C 
±0.1% 
30 
O'Cto +70'C 
10 
-10mAto 
+10mA 
0.35 


10 
LM369D 
C 
±0.1% 
30 
O'Cto +70'C 
8 
-10mAto 
+10mA 
2 


10.24 
LH0071-2 
M 
±0.05% 
8 
- 40'C to + 85'C 
60 
OmAt05mA 
5 


10.24 
LH0071-1 
M 
±0.1% 
20 
- 40'C to + 85'C 
60 
OmAt05mA 
5 


10.24 
LH0071-0 
M 
±0.1% 
40 
- 25'C to + 25'C 
60 
OmAt05mA 
5 


'C (Commercial) 
~ O"C to 70"C. I (Industrial) 
~ 
-40"C 
to +8S'C. 
M (Military) 
~ 
-SS'C 
to + 12S'C 


tReference 
has on-board Op Amp. 


Low Current Reference 
Diodes 
. 


Temperature 
Output 


Output 
Operating 
Voltage 
Drift 
Operating 
Dynamic 


Voltage 
Device 
Temp. 
Tolerance 
Current 
Range, 
IR 
Impedance 
Range' 
Max, TA = 25'C 
ppm/'C 
Over 


(Max) 
Range 
(Typ) 


3.0 
LM103-3.0 
M 
±10% 
-1700 
- 55'C to + 125'C 
10 !LAto 10 mA 
25 
3.3 
LM103-3.3 
M 
±10% 
-1500 
- 55'C to + 125'C 
10 !LAto 10 mA 
25 


3.6 
LM103-3.6 
M 
±10% 
-1400 
-55'C 
to + 125'C 
10 !LAto 10 mA 
25 


3.9 
LM103-3.9 
M 
±10% 
-1300 
-55'C 
to + 125'C 
10 !LAto 10 mA 
25 


'M (Military) 
~ 
- SS'C to + 12S'C 


< 
"Reference 
Grade" Voltage Regulators 
0 
;:::; 
IlJ 
co 
Output 
CD 


Output 
Operating 
Voltage 
Variation 
Load Reg. 
Line Reg. 
Output 
Quiescent 
::D 
Device 
Temperature 
Tolerance 
Current 
CD 
Voltage 
Over Operating 
ppm/mA 
ppm/V 
Current - 
Range 
Max, T A = 2S"C 
(Max) 
CD 
Range 
~ 
CD::J 
Adjustable: 
LP29S1 
- SS"C to + 1S0"C 
±O.S% 
±O.S% 
100 
42 
100mA 
120/LA 
(') 


1.23SV to 30V 
LP29S1AC 
- 40"C to + 12S"C 
±O.S% 
±O.S% 
100 
42 
100mA 
120/LA 
CD 
(f) 
LP29S1C 
-40"C 
to + 12S"C 
±1% 
±1% 
200 
63 
100 mA 
120/LA 
CD 
CD 
SV, 3.3V, 3.0V 
LP29S0AC 
- 40"C to + 12S"C 
±O.S% 
±O.S% 
100 
42 
100 mA 
120/LA 
(')- 
SV, 3.3V, 3.0V 
LP29S0C 
- 40"C to + 12S"C 
±1% 
±1% 
200 
63 
100mA 
120/LA 
o· 
::J 
SV, 3.3V, 3.0V 
LP2960A 
- 2S"C to + 12S"C 
±O.S% 
2.S% 
140 
SOmA 
9S/LA 
Q 
SV, 3.3V, 3.0V 
LP2960 
- 2S"C to + 12S"C 
±1% 
3.S% 
140 
SOmA 
9S/LA 
cc: 


• Included 
in Output Variation 
Over Operating 
Range 
specification. 
CD 


• 


t!JNational 
Semiconductor 


LH0070 Series Precision BCD Buffered Reference 
LH0071 Series Precision Binary Buffered Reference 


General Description 
The LH0070 and LH0071 are precision, three terminal, volt- 
age references consisting of a temperature compensated 
zener diode driven by a current regulator and a buffer ampli- 
fier. The devices provide an accurate reference that is virtu- 
ally independent of input voltage, load current, temperature 
and time. The LH0070 has a 10.000V nominal output to 
provide equal step sizes in BCD applications. The LH0071 
has a 10.240V nominal output to provide equal step sizes in 
binary applications. 
The output voltage is established by trimming ultra-stable, 
low temperature drift, thin film resistors under actual operat- 
ing circuit conditions. The devices are shortcircuit proof in 
both the current sourcing and sinking directions. 
The LH0070 and LH0071 series combine excellent long 
term stability, ease of application, and low cost, making 


them ideal choices as reference voltages in precision D to A 
and A to D systems. 


Features 
• 
Accuracy output voltage 
LH0070 
LH0071 
• 
Single supply operation 
• 
Low output impedance 
• 
Excellent line regulation 
• 
Low zener noise 
• 
3-lead TO-S (pin compatible with the LM109) 
• 
Short circuit proof 
• 
Low standby current 


10V±0.02% 


10.24V±0.02% 


11.4V to 40V 
0.20 


0.1 mVIV 
20,...Vp-p 


+ 
O'lIO.A'T 


Order 
Number 
LH0070-0H, LH0071-0H, LH0070-1H, 


LH0071-1H, 
LH0070·2H 
or LH0071-2H 
See NS Package 
Number 
H03B 


·Note: 
The output of the LH0070 and LH0071 may be adjusted to a precise Yoltage by using the above circuit since the supply current of the devices is 


relatively 
small and constant 
with temperature 
and input voltage. 
For the circuit shown, supply sensitivities 
are degraded 
slightly to 0.01 %/V 
change 
in VOUT 


for changes 
in V1N and V-. 


An additional temperature drift of 0.0001 %/·C 
is added due to the variation of supply current with temperature of the LHOO70 and LHOO71. sensitivity 
to the 
value of A1, R2 and R3 is less than 0.001 %/%. 


Absolute Maximum Ratings 
If Military/Aerospace 
specified devices are required, 
Short Circuit Duration 
Continuous 
please 
contact 
the 
National 
Semiconductor 
Sales 
Output Current 
± 20mA 
Office/Distributors for availability and specifications. 
Operating Temperature Range 
- 55·C to + 125·C 
(Note 4) 
Storage Temperature Range 
-65'C 
to ± 150'C 
Supply Voltage 
40V 


Power Dissipation (See Curve) 
600mW 
Lead Temp. (Soldering, 10 seconds) 
300'C 


Electrical Characteristics 
(Note 1) 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Output Voltage 
TA=25'C 


LHOO70 
10.000 
V 
LH0071 
10.24 
V 


Output Accuracy 
TA=25'C 


-0, 
-1 
±0.03 
±0.1 
% 
-2 
±0.02 
±0.05 
% 


Output Accuracy 
TA= -55·C, 125'C 


-0, 
-1 
±0.3 
% 
-2 
±0.2 
% 


Output Voltage Change With 
(Note 2) 


Temperature 
-0 
±0.2 
% 
-1 
±0.02 
±0.1 
% 
-2 
±0.01 
±0.04 
% 


Line Regulation 
13V:S:VIN:S:33V,Tc=25'C 


-0, 
-1 
0.02 
0.1 
% 
-2 
0.01 
0.03 
% 


Input Voltage Range 
RL = 50kn 
11.4 
40 
V 


Load Regulation 
o rnA:S:lour:S:5mA 
0.01 
0.03 
% 


Quiescent Current 
13V:S:VIN:S:33V,lour=O 
mA 
1 
3 
5 
mA 


Change In Quiescent Current 
dVIN= 20V From 23V To 33V 
0.75 
1.5 
mA 


Output Noise Voltage 
BW=0.1 Hz To 10 Hz,TA=25'C 
20 
,..Vp-p 


Ripple Rejection 
f=120Hz 
0.01 
%/Vp-p 


Output Resistance 
0.2 
0.6 
n 


Long Term Stability 
TA= 25'C (Note 3) 


.. 


-0, 
-1 
±0.2 
%/yr. 


-2 
. 
±0.05 
%/yr. 


Thermal Resistance 
Tj = 1500C 


8ja (Junction to Ambient) 
200 
'C/W 


8ic (Junction to Case) 
100 
'C/W 


Note 1: Unless otherwise 
specifted, these speciftcetions 
apply for VIN~15.0V, 
RL - 
10 kn, and over the temperature 
range of -55·C.:TA': 
+ 125·C. 


Note 2: This speciftcetion 
is the difference 
in ou1pUt voltage 
measured at TA~ 85'C and TA~ 25'C or TA- 25'C and TA~ - 25'C with readings taken after test 
chamber 
and devk:e-under-test 
stabilization 
at temperature 
using a suitable 
precision 
voltmeter. 


Note 
3: This parameter 
is guaranteed 
by design and not tested. 


Note 
4: Refer 
to the following 
RETS 
drawings 
for military specifications: 


RETSOO70-0H for LHOO7C>-OH 
RETSOO71-oH for LHOO71-oH 


RETSOO7o-1H for LHOO7o-1H 
RETSOO71-1H for LHOO71-1H 


RETSOO7o-2H for LHOO7o-2H 
RETSOO71-2H for LHOO71-2H 
• 


Typical Performance Characteristics 
Quiescent Current vs Input 
Normalized Output Voltage 
Maximum Power Dissipation 
Voltage 
vs Temperature 
1. 
5 
0.3 
IWC 
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I ••- 
,"II,TJIMAXI"WC 
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""" 
-'"" 
2Drc 
c 
• -YA,· 
+lZS·C 
"'- ::>10'"" 
- 


°JA" 
-- 
.! 
- 
I 
'\. 
. 
w 
... 


i= 
I 


3 
...- 
: •• 
f'-- 
~~ 
I 
S! 
0 
311 
,,> 
" 


... 
2 
~~ 
.. 
i!i 
I 
200 
~ 
~~ 
-0.1 
" 


;; 
I 
I 
; 
I. 
" 
./ 
i 
-0.2 
I 
I 
V 
-0.3 


I 
25 
51 
15 
100 
125 
150 
0 
5 
11 
15 
20 
Z5 
31 
l5 
-51 
-25 
I 
25 
51 
15 
101 
125 
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Step Load Response 
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Typical Applications 
(Continued) 


Expanded Scale AC Voltmeter 
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Typical Applications 
(Continued) 


Dual Output Bench Power Supply 
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Boosted Reference For 
Low Input Voltages 


General Description 
The LM113/LM313 are temperature compensated, low volt- 
age reference diodes. They feature extremely-tight regula- 
tion over a wide range of operating currents in addition to an 
unusually-low breakdown voltage and good temperature 
stability. 


The diodes are synthesized using transistors and resistors 
in a monolithic integrated circuit. As such, they have the 
same low noise and long term stability as modern IC op 
amps. Further, output voltage of the reference depends only 
on highly-predictable properties of components in the IC; so 
they can be manufactured and supplied to tight tolerances. 


Features 
• 
Low breakdown voltage: 1.220V 


• 
Dynamic impedance of 0.3fi from 500 ",A to 20 mA 


• 
Temperature stability typically 1% over-SS·C 
to 12S·C 


range (LM113), O·Cto 70·C (LM313) 
• 
Tight tolerance: ± 5%, ± 2% or ± 1% 


The characteristics of this reference recommend it for use in 
bias-regulation circuitry, in low-voltage power supplies or in 
battery powered equipment. The fact that the breakdown 
voltage is equal to a physical property of silicon-the 
ener- 


gy-band gap voltage-makes 
it useful for many tempera- 


ture-compensation 
and 
temperature-measurement 
func- 


tions. 


NOQ:Pin Z eenllKtltl to c.. 


TOP VIEW 


Order 
Number 
LM113H, 
LM113H/883, 


LM113-1H, 
LM113-1H/883, 


LM 113-2H, 
LM 113-2H/883, 


orLM313H 
See NS Package 
Number 
H02A 


TUH/5713-1 


(Note 3) 


Power Dissipation 
(Note 1) 


Reverse 
Current 


Forward 
Current 


100mW 


50mA 


50mA 


Operating 
Temperature 
Range 
LM113 
LM313 
- 55·C to + 125·C 
o-Cto 
+70·C 


Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Reverse 
Breakdown 
Voltage 


LM113/LM313 
IR = 1 mA 
1.160 
1.220 
1.280 
V 


LM113-1 
1.210 
1.22 
1.232 
V 


LM113-2 
1.195 
1.22 
1.245 
V 


Reverse 
Breakdown 
Voltage 
0.5 mA ,;; IR ,;; 20 mA 
6.0 
15 
mV 
Change 


Reverse 
Dynamic 
Impedance 
IR = 1 mA 
0.2 
1.0 
n 


IR = 10mA 
0.25 
0.8 
n 


Forward 
Voltage 
Drop 
IF = 1.0mA 
0.67 
1.0 
V 


RMS Noise Voltage 
10Hz,;;f';;10kHz 
5 
,.V 
IR = 1 mA 


Reverse 
Breakdown 
Voltage 
0.5mA';; 
IR';; 
10mA 
15 
mV 
Change 
with Current 
TMIN';; 
TA';; 
TMAX 


Breakdown 
Voltage 
Temperature 
1.0 mA,;; 
IR ,;; 10 mA 
0.01 
'Yorc 
Coefficient 
TMIN';; 
TA';; 
TMAX 


Note 
1: For operating at elevated temperatures, 
the device must be derated based on a 150"C maximum junction and a thermal resistance of BO"C/W 
junction to 


case or 44O"C/W junction to ambient. 


Note 2: These specifications 
apply for TA = 25°C. unless stated otherwise. At high currents. breakdown voltage should be measured with lead lengths less than V.• 
inch. Kelvin contact sockets are also recommended. 
The diode should not be operated with shunt capacitances 
between 200 pF and 0.1 IA-F,unless isolated by at 
least a 100n 
resistor. as it may oscillate 
at some currents. 


Note 3: Refer to the following 
RETS drawings for military specifications: 
RETS113-1X 
for LM113-1. RETS113·2X 
for LM113-2 or RETS113X for LM113. 


E 1.230 
~..~ 


~ 
1.220 


Ift-' 
mA 


.... 


ffi>~ 
1.210 


1.200 
-55 -35 -15 5 
25 45 65 
15 105 12~ 


TEMPERATURE 
C"C) 
• 


~u 
~ 
> 1.0 
"! 
~ 
0.5 


1.5 
~.. 
0.5 
~~..c 
~ 
10 
> 


I I 
,-, 


~ 
OUj'UT_ t",.. 
I 


:N'~T 
I I 
I I 


•Adjust for OV at O'C 
tAdjust lor 100 mVl"C 


~ 
10 


~ 
60 
isz 
50 


10' 
10' 
10' 
10' 
10' 


CA'ACIT ANCE (,FI 


~National 
Semiconductor 


General Description 
The LM129 and LM329 family are precision multi-current 
temperature-compensated 6.9V zener references with dy- 
namic impedances a factor of 10 to 100 less than discrete 
diodes. Constructed in a single silicon chip, the LM129 uses 
active circuitry to buffer the internal zener allowing the de- 
vice to operate over a 0.5 mA to 15 mA range with virtually 
no change in performance. The LM129 and LM329 are 
available with selected temperature coefficients of 0.001, 
0.002, 0.005 and 0.01%rc. These new references also 
have excellent long term stability and low noise. 
A new subsurface breakdown zener used in the LM129 
gives lower noise and better long-term stability than conven- 
tional IC zeners. Further the zener and temperature com- 
pensating transistor are made by a planar process so they 
are immune to problems that plague ordinary zeners. For 
example, there is virtually no voltage shift in zener voltage 
due to temperature cycling and the device is insensitive to 
stress on the leads. 
The LM129 can be used in place of conventional zeners 
with improved performance. The low dynamic impedance 


simplifies biasing and the wide operating current allows the 
replacement of many zener types. 
The LM129 is packaged in a 2-lead TO-46 package and is 
rated for operation over a - 55'C to + 125'C temperature 
range. The LM329 for operation over O'C to 70'C is avail- 
able in both a hermetic TO-46 package and a TO-92 epoxy 
package. 


Features 
• 
0.6 mA to 15 mA operating current 
• 
0.60 dynamic impedance at any current 
• 
Available with temperature coefficients of 0.001%rC 
• 
7!'-V wideband noise 
• 
5% initial tolerance 
• 
0.002% long term stability 


• 
Low cost 
• 
Subsurface zener 


Bottom 
View 


Pin 2 is electrically 
connected 
to case 


Order NU~ber LM129AH, 
LM129AH/883, 
LM129BH, 
lM129BH/883, 
LM129CH, 
LM329AH, 
LM329BH, 
LM329CH 
or LM329DH 
See NS Package 
H02A 


Bottom 
View 


Order 
Number 
LM329BZ, 
LM329CZ 
or lM329DZ 
See NS Package 
Z03A 


Simple 
Reference 


9Y TO COY 
• 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Storage 
Temperature 
Range 
- 55·C to + 150·C 
please 
contact 
the 
National 
Semiconductor 
Sales 
Soldering 
Information 
Office/Distributors 
for 
availability 
and 
specifications. 
TO-92 package: 
10 sec. 
260·C 


(Note 
2) 
TO-46 
package: 
10 sec. 
300·C 
Reverse 
Breakdown 
Current 
30mA 


Forward 
Current 
2mA 


Operating 
Temperature 
Range 
LM129 
- 55·C to + 125·C 
LM329 
O·Cto 
+70·C 


Electrical Characteristics 
(Note 1) 


Parameter 
Conditions 
LM129A,B,C 
LM329A, 
B, C, D 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Reverse 
Breakdown 
Voltage 
TA = 25·C, 
0.6 mA ,;;:IR ,;;: 15 mA 
6.7 
6.9 
7.2 
6.6 
6.9 
7.25 
V 


Reverse 
Breakdown 
Change 
TA = 25·C, 


with Current 
(Note 3) 
0.6 mA ,;;:IR ,;;: 15 mA 
9 
14 
9 
20 
mV 


Reverse 
Dynamic 
Impedance 
TA = 25·C, IR = 1 mA 
0.6 
1 
0.8 
2 
n 


(Note 3) 


RMS Noise 
TA = 25·C, 
10Hz,;;:F,;;:10kHz 
7 
20 
7 
100 
,.,.V 


Long Term Stability 
TA = 45·C ± O.l·C, 


(1000 hours) 
IR = 1 mA ± 0.3% 
20 
20 
ppm 


Temperature 
Coefficient 
IR = 1 mA 


LM129A, 
LM329A 
6 
10 
6 
10 
ppml"C 


LM129B, 
LM329B 
15 
20 
15 
20 
ppml"C 
LM129C, 
LM329C 
30 
50 
30 
50 
ppml"C 
LM329D 
50 
100 
ppml"C 


Change 
In Reverse 
Breakdown 
1 mA,;;: IR ,;;: 15 mA 
1 
1 
ppml"C 
Temperature 
Coefficient 


Reverse 
Breakdown 
Change 
1 mA ,;;:IR ,;;: 15 mA 
12 
12 
mV 
with Current 


Reverse 
Dynamic 
Impedance 
1 mA ,;;:IR ,;;:15 mA 
0.8 
1 
n 


Note 1:Thesespecificationsapplyfor - SS'C ,;;TA ,;; + 12S'Cfor the LM129andO"C,;;TA ,;; + 70"Cfor the LM329unlessotherwisespecified.The maximum 
junction 
temperature 
for an LM129 is 1S00C and LM329 is 10crC. 
For operating at elevated temperature, 
devices in T0-46 
package must be derated based on a 
thermal resistance 
of 44crC/W 
junction to ambient or 8O"C/W junction to case. For the TO-92 package, the derating is based on 18frC/W junction to ambient with 
0.4" leadsfrom a PCboardand 16O"C/W junctionto ambientwith 0.12S" leadlengthto a PCboard. 


Note 2: Referto RETS129Hfor LM129familymilitaryspecifications. 


Note 3: These changes are tested on a pulsed basis with a low duty-cycle. 
For changes versus temperature, 
compute 
in terms of tempco. 


Adjustable 
Bipolar Output 
Reference 


50k 


External 
Reference 
for Temperature 
Transducer 


15V 
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LM 134/LM234/LM334 
3-Terminal Adjustable Current Sources 


General Description 
The LM134/LM234/LM334 
are 3-terminal adjustable cur- 
rent sources featuring 10,000:1 range in operating current, 
excellent current regulation and a wide dynamic voltage 
range of 1V to 40V. Current is established with one external 
resistor and no other parts are required. Initial current accu- 
racy is ±3%. The LM134/LM234/LM334 
are true floating 
current sources with no separate power supply connections. 
In addition, reverse applied voltages of up to 20V will draw 
only a few dozen microamperes of current, allowing the de- 
vices to act as both a rectifier and current source in AC 
applications. 
The sense voltage used to establish operating current in the 
LM134 is 64 mV at 25"C and is directly proportional to abso- 
lute temperature ("K). The simplest one external resistor 
connection, then, generates a current with ;:: +0.33%/"C 
temperature dependence. Zero drift operation can be ob- 
tained by adding one extra resistor and a diode. 
Applications for the current sources include bias networks, 
surge protection. low power reference, ramp generation, 
LED driver, and 
temperature 
sensing. The 
LMl34-3/ 


LM234-3 and LM134-6/LM234-6 are specified as true tem- 
perature sensors with guaranteed initial accuracy of ± 3"C 
and ±6"C, respectively. These devices are ideal in remote 
sense applications because series resistance in long wire 
runs does not affect accuracy. In addition, only 2 wires are 
required. 
The LM134 is guaranteed over a temperature range of 
- 55"C to + 125"C, the LM234 from - 25"C to + 100"C and 
the LM334 from O"Cto + lO"C. These devices are available 
in TO-46 hermetic, TO-92 and SO-8 plastic packages. 


Features 
• 
operates from 1V to 40V 
• 
0.02%/V current regulation 
• 
Programmable from 1 IJ-Ato 10 mA 
• 
True 2-terminal operation 
• 
Available as fully specified temperature sensor 
• 
±3% initial accuracy 


SO-S 
Surface Mount Package 
" " 
7 
6 


SO·SAlternative 
Pinout 
Surface Mount Package 


HC 
HC 
HC 
HC 
8 
7 
6 
5 


TUH/5697-24 
Order Number LM334M 
See NS Package 
Number MOSA 


4 


HC 
TL/H/5697-25 
Order Number LM334SM 
See NS Package 
Number MOSA 


i 
v. 
.SH 
I 


TO-46 
Metal Can Package 
y.·0,- 


TO-92 
Plastic Package 


y+ 
R 
Y-8 


TL/H/5697-10 


Bottom View 


Order Number LM334Z, 
LM234Z-3 or LM234Z-6 
See NS Package 
NumberZ03A 


TUH/5697-12 
Bottom View 


v - Pin is electrically 
connected 
to case. 


Order Number LM134H, 
LM134H-3, LM134H-6, 
LM234H or LM334H 
See NS Package 
Number H03H 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Operating 
Temperature 
Range 
(Note 4) 


please 
contact 
the 
National 
Semiconductor 
Sales 
LM134/LM134-3/LM134-6 
-55"C 
to + 125"C 
Office/Distributors 
for availability 
and specifications. 
LM234/LM234-3/LM234-6 
-25"C 
to + 100"C 


V+ 
to V- 
Forward 
Voltage 
LM334 
O"Cto 
+70"C 


lM134/LM234/LM334 
40V 
Soldering 
Information 


LM134-3/LM134-6/lM234-3/LM234-6 
30V 
TO-92 
Package 
(10 sec.) 
260"C 


V+ 
to V- 
Reverse 
Voltage 
20V 
TO-46 
Package 
(10 sec.) 
300"C 


R Pin to V- 
Voltage 
5V 
SO Package 
Vapor Phase (60 sec.) 
215"C 
Set Current 
10mA 
Infrared 
(15 sec.) 
220"C 
Power Dissipation 
400mW 
See AN-450 
"Surface 
Mounting 
Methods 
and Their 
Effect 
ESD Susceptibility 
(Note 5) 
2000V 
on Product 
Reliability" 
(Appendix 
D) for other 
methods 
of 


soldering 
surface 
mount 
devices. 


Electrical Characteristics 
(Note 1) 


Parameter 
Conditions 
LM134/LM234 
LM334 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Set Current 
Error, V+ =2.5V, 
10 /LA,;; ISET';; 1 mA 
3 
6 
% 


(Note 2) 
1 mA<lsET,;;5 
mA 
5 
8 
% 


2 /LA,;;ISET<10 
/LA 
8 
12 
% 


Ratio of Set Current to 
100 /LA,;;ISET,;;l 
mA 
14 
18 
23 
14 
18 
26 


Bias Current 
1 mA,;;ISET';;5mA 
14 
14 


2 /LA,;; ISET';; 100 /LA 
18 
23 
18 
26 


Minimum 
Operating 
Voltage 
2/LA,;;ISET';; 
100/LA 
0.8 
0.8 
V 


100 /LA < ISET';; 1 mA 
0.9 
0.9 
V 


1 mA<lsET,;;5 
mA 
1.0 
1.0 
V 


Average 
Change 
in Set Current 
2 /LA,;;ISET';;l 
mA 


with Inpu1 Voltage 
1.5';;V+ 
';;5V 
0.02 
0.05 
0.02 
0.1 
%N 
5V,;;V+ 
,;;40V 
0.01 
0.03 
0.01 
0.05 
%N 


1 mA<lsET,;;5 
mA 
1.5V,;;V,;;5V 
0.03 
0.03 
%N 


5V,;;V,;; 40V 
0.02 
0.02 
%N 


Temperature 
Dependence 
of 
25 /LA,;;ISET,;;l 
mA 
0.96T 
T 
1.04T 
0.96T 
T 
1.04T 


Set Current 
(Note 3) 


Effective 
Shunt Capacitance 
15 
15 
pF 


Note 
1: Unless otherwise 
specified, 
tests are pertormed 
at Tj = 2SoC with pulse testing so that junction temperature 
does not change 
during test. 


Note 
2: Set current 
is the current flowing into the V+ 
pin. For the Basic 2-Terminal 
Current 
Source 
circuit shown 
on the first page of this data 
sheet. 
ISET is 
determined 
by the following 
formula: 
ISET=67.7 
mV/RSET 
(@ 25°C). 
Set current error is expressed 
as a percent 
deviation 
from this amount. 
ISET increases 
at 
0.336%/'C 
@ Tj=25'C 
(227 ".vrC). 


Note 
3: ISET is directly proportional 
to absolute 
temperature 
rK). 
ISET at any temperature 
can be calculated 
from: ISET= 10(TIT 0) where 10is ISET measured 
at To 
('K). 


Note 
4: For elevated 
temperature 
operation, 
Tj max is: 


LM134 
15O'C 


LM234 
125'C 


LM334 
100'C 


Thermal 
Resistance 
To-92 
To-46 
50-& 


Sja (Junction to Ambient) 
180'C/W 
(0.4' 
leads) 
440'C/W 
165'C/W 


16O'CIW (0.125' 
leads) 


Sjc (Junction to Case) 
N/A 
3'Z'C/W 
60'C/W 


Note 5: Human body model, 100 pF discharged 
through a 1.5 kO resistor. 
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Electrical Characteristics 
(Note 1) (Continued) 


Parameter 
Conditions 
LM134-3, 
LM234-3 
LM134-6, 
LM234-6 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Set Current 
Error, V+ = 2.5V, 
100 J.LA,;;ISET,;;1 mA 
±1 
±2 
% 


(Note 2) 
Ti=25' 


Equivalent 
Temperature 
Error 
±3 
±6 
'C 


Ratio of Set Current to 
100J.LA,;;ISET';;1 
mA 
14 
18 
26 
14 
18 
26 


Bias Current 


Minimum 
Operating 
Voltage 
100 J.LA'SET';; 1 mA 
0.9 
0.9 
V 


Average 
Change 
in Set Current 
100 J.LA,;;ISET';; 1 mA 


with Input Voltage 
1.5';;V+ 
,;;5V 
0.02 
0.05 
0.02 
0.01 
%/V 


5V,;;V+ 
,;;30V 
0.01 
0.03 
0.01 
0.05 
%/V 


Temperature 
Dependence 
of 
100 J.LA,;;ISET,;;l mA 
0.98T 
T 
1.02T 
0.97T 
T 
1.03T 


Set Current 
(Note 3) and 


Equivalent 
Slope 
Error 
I 
±2 
I 
±3 
% 


Effective 
Shunt Capacitance 
15 
15 
pF 


Typical Performance 
Characteristics 


Maximum 
Slew 
Rate for 


Output 
Impedance 
Linear 
Operation 
Start-Up 
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Application 
Hints 


The LM134 has been designed for ease of application, but a 
general discussion of design features is presented !:lereto 
familiarize the designer with device characteristics which 
may not be immediately obvious. These include the effects 
of slewing, power dissipation, capacitance, noise, and con- 
tact resistance. 


CALCULATING RSET 
The total current through the LM134 (ISET)is the sum of the 
current going through the SET resistor (IR)and the LM134's 
bias current (ISlAS),as shown in Figure 
1. 


+VIN 


FIGURE 1. Basic Current Source 


A graph showing the ratio of these two currents is supplied 
under Ratio of ISETto IBIAS in the Typical Performance 
Characteristics section. The current flowing through RSETis 
determined by VR. which is approximately 214 ",VI'K 
(64 mV/298°K - 
214 ",VI'K). 


VR 
ISET= IR + ISlAS= -- 
+ ISlAS 
RSET 


L.•••• 
,/ 
1"\ 
\, 


1\ 
]1 


100pA 
lmA 


ISET 


Since (for a given set current) ISlASis simply a percentage 
of ISET,the equation can be rewritten 


ISET= (~) 
(_n 
) 
RSET 
n - 
1 
where n is the ratio of ISETto ISlASas specified in the Elec- 
trical Characteristics Section and shown in the graph. Since 
n is typically 18 for 2 ",A :;;;ISET:;;;1 mA, the equation can 
be further simplified to 


ISET= (~) 
(1.059) = 227 ",VI'K 
RSET 
RSET 
for most set currents. 


SLEW RATE 
At slew rates above a given threshold (see curve), the 
LM134 may exhibit non-linear current shifts. The slewing 
rate at which this occurs is directly proportional to ISET.At 
ISET = 10 ",A. maximum dV/dt is O.OW/",s; 
at ISET = 


1 mA, the limit is WI "'S. Slew rates above the limit do not 
harm the LM134, or cause large currents to flow. 


THERMAL EFFECTS 
Internal heating can have a significant effect on current reg- 
ulation for ISETgreater than 100 ",A. For example, each 1V 
increase across the LM134 at ISET = 1 mA will increase 
junction temperature by z 0.4°C in still air. Output current 
(ISET)has a temperature coefficient of ZO.33%I'C, so the 
change 
in 
current 
due 
to 
temperature 
rise 
will 
be 
(0.4) (0.33) = 0.132%. This is a 10:1 degradation in regUla- 
tion compared to true electrical effects. Thermal effects, 
therefore, must be taken into account when DC regUlationis 
critical and ISETexceeds 100 ",A. Heat sinking of the T0-46 
package or the TO-92 leads can reduce this effect by more 
than 3:1. 


Application 
Hints (Continued) 


SHUNT CAPACITANCE 
In certain applications, the 15 pF shunt capacitance of the 
LM134 may have to be reduced, either because of loading 
problems or because it limits the AC output impedance of 
the'current source. This can be easily accomplished by buff- 
ering the LM134 with an FET as shown in the applications. 
This can reduce capacitance to less than 3 pF and improve 
regulation by at least an order of magnitude. DC character- 
istics (with the exception of minimum input voltage), are not 
affected. 


NOISE 


Current noise generated by the LM134 is approximately 4 
times the shot noise of a transistor. If the LM134 is used as 
an active load for a transistor amplifier, input referred noise 
will be increased by about 12 dB. In many cases, this is 
acceptable and a single stage amplifier can be built with a 
voltage gain exceeding 2000. 


LEAD RESISTANCE 
The sense voltage which determines operating current of 
the LM134 is less than 100 mY. At this level, thermocouple 
or lead resistance effects should be minimized by locating 
the current setting resistor physically close to the device. 
Sockets should be avoided if possible. It takes only 0.70 
contact resistance to reduce output current by 1% at the 
1 mA level. 


SENSING TEMPERATURE 
The LM134 makes an ideal remote temperature sensor be- 
cause its current mode operation does not lose accuracy 
over long wire runs. Output current is directly proportional to 
absolute temperature in degrees Kelvin, according to the 
following formula: 


(227 /LVrK) (T) 
ISET=----- 
RSET 
Calibration of the LM134 is greatly simplified because of the 
fact that most of the initial inaccuracy is due to a gain term 
(slope error) and not an offset This means that a calibration 
consisting of a gain adjustment only will trim both slope and 
zero at the same time. In addition, gain adjustment is a one 
point trim because the output of the LM134 extrapolates to 
zero at OOK,independent of RSETor any initial inaccuracy. 


FIGURE 2. Gain Adjustment 


This property of the LM134 is illustrated in the accompany- 
ing graph. Line abc is the sensor current before trimming. 
Line a'b'c' 
is the desired output A gain trim done at T2 will 
move the output from b to b' and will simultaneously correct 
the slope so that the output at T1 and T3 will be correct 
This gain trim can be done on RSETor on the load resistor 


used to terminate the LM134. Slope error after trim will nor- 
mally be less than ± 1%. To maintain this accuracy, howev- 
er, a low temperature coefficient resistor must be used for 
RSET· 
A 33 ppmrC 
drift of RSETwill give a 1% slope error be- 
cause the resistor will normally see about the same temper- 
ature variations as the LM134. Separating RSETfrom the 
LM134 requires 3 wires and has lead resistance problems, 
so is not normally recommended. Metal film resistors with 
less than 20 ppmrC 
drift are readily available. Wire wound 
resistors may also be used where best stability is required. 


APPLICATION AS A ZERO TEMPERATURE 
COEFFICENT CURRENT SOURCE 
Adding a diode and a resistor to the standard LM134 config- 
uration can cancel the temperature-dependent characteris- 
tic of the LM134. The circuit shown in Figure 3 balances the 
positive tempco of the LM134 (about +0.23 mVrG) with 
the negative tempco of a forward-biased silicon diode 
(about - 2.5 mVrG). 


+ 
t 
VR 
Rl 


~ 


TUH/5697-28 
FIGURE 3. Zero Tempeo Current Source 


The set current (ISET)is the sum of 11and 12,each contribut- 
ing approximately 50% of the set current, and ISlAS.ISlASis 
usually included in the 11term by increasing the VR value 
used for calculations by 5.9%. (See CALCULATING RSET.) 


ISET= 11+ 12+ ISlAS,where 


VR 
VR + Vo 
11=- 
and 
12=--- 
R1 
R2 
The first step is to minimize the tempeo of the circuit, using 
the following equations. An example is given using a value 
of +227 
/LVrC as the tempeo of the LM134 (which in- 
cludes the ISlAScomponent), and - 2.5 mVrc as the temp- 
co of the diode (for best results, this value should be directly 
measured or obtained from the manufacturer of the diode). 


ISET= 11+ 12 


dlSET = dl1 + dl2 
dT 
dT 
dT 


;::;227 /Lvrc 
+ 227/LVrC 
- 2.5 mVrC 
R1 
R2 
= 0 (SCllvefor tempco = 0) 


Application 
Hints (Continued) 


R2 '" _2_.5_m_V_/_'C_-_2_2_7_!.L_V_/'_C 
'" 10.0 


R1 
227 !.LV/,C 


With the R1 to R2 ratio determined, values for R1 and R2 
should be determined to give the desired set current. The 
formula for calculating the set current at T = 25'C is shown 
below, followed by an example that assumes the forward 
voltage drop across the diode (VD) is 0.6V, the voltage 
across R1 is 67.7 mV (64 mV + 5.9% to account for ISlAS), 
and R2/R1 = 10 (from the previous calculations). 


ISET= 11+ 12+ ISlAS 


= VR + _V_R_+_V_D 
R1 
R2 
67.7 mV 
67.7 mV + 0.6V 
'" --- 
+ ------ 
R1 
10.0 R1 


I 
_ 0.134V 


SET- 
-R-1- 


This circuit will eliminate most of the LM134's temperature 
coefficient, and it does a good job even if the estimates of 
the diode's characteristics are not accurate (as the following 
example will show). For lowest tempco with a specific diode 
at the desired ISET,however, the circuit should be built and 
tested over temperature. If the measured tempco of ISETis 
positive, R2 should be reduced. If the resulting tempco is 
negative, R2 should be increased. The recommended diode 
for use in this circuit is the 1N457 because its tempco is 
centered at 11 times the tempco of the LM134, allowing R2 
= 10 R1. You can also use this circuit to create a current 
source with non-zero tempcos by setting the tempco com- 
ponent of the tempco equation to the desired value instead 
ofO. 
EXAMPLE: A 1 mA, Zero-Tempco Current Source 


First, solve for R1 and R2: 


0.134V 
ISET'" 1mA=-- 
R1 


R1 = 1340 = 10R2 
R2 = 13400 


Ground Referred Fahrenheit Thermometer 


Fl4 
56k 


R2 R3* 


100 
LM33&Z 
1" 
2.5V* 


TL/H/5697-15 


'Select 
R3 - 
VREF/583 
p.A. VREF may be any stabla 
poSi1iva Yoltaga 
:;"2V 


Trim 
R3 to c.llbnlta 


The values of R1 and R2 can be changed to standard 1% 
resistor values (R1 = 1330 and R2 = 1.33 kO) with less 
than a 0.75% error. 


If the forward voltage drop of the diode was 0.65V instead 
of the estimate of 0.6V (an error of 8%), the actual set cur- 
rent will be 


I 
67.7 mV 
67.7 mV + 0.65V 
SET= --- 
+ ------ 
R1 
R2 
67.7 mV 
67.7 mV + 0.65V 
= --- 
+ ------ 
133 
1330 


= 1.049mA 


an error of less than 5%. 
If the estimate for the tempco of the diode's forward voltage 
drop was off, the tempco cancellation is still reasonably ef- 
fective. Assume the tempco of the diode is 2.6 mV/'C in- 
stead of 2.5 mV/'C (an error of 4%). The tempco of the 
circuit is now: 


dlSET = ~ 
+ dl2 
dT 
dT 
dT 


= 227 !.LV/,C + 227 !.LV/,C - 2.6 mV/'C 


1330 
13300 


= -77 
nA/'C 


A 1 mA LM134 current source with no temperature compen- 
sation would have a set resistor of 680 
and a resulting 


tempco of 
227 !.LV/'C 
680 
= 3.3 !.LAf'C 


T 
So even if the diode's tempco varies as much as ±4% from 
its estimated value, the circuit still eliminates 98% of the 
LM134's inherent tempco. 


Terminating Remote Sensor for Voltage Output 


wIN 
II 


Low Output 
Impedance 
Thermometer 


VIN~4.'V 


Low Output 
Impedance 
Thermometer 


+VIlI 


Mlcropower 
Bias 


+VIN 


-VIII 


TLIH/5697-17 


'Output 
impedance of the LM134 at the "R" pin is 
-R2 
approximately ffl where 
R2 is the equivalent 


external resistance 
connected 
from the V- 
pin to 
ground. This negative resistance can be reduced 
by a factor of 5 or more by inserting an equivalent 
resistor Rs - 
(R2/16) in series with the output. 


Higher Output 
Current 


+VIII 


Low Input Voltage 
Reference 
Driver 


+VIN ~ VREF + ZOGmV 


Ramp Generator 


+V1N 


1.2V Reference Operates on 10,...Aand 2V 


+VIN~ 
ZV 


TL/H/5697 -20 


'select 
ratio of R1 to R2 to obtain zero temperature 
drift 


'For 
± 10% adjustment, 
select RSET 


10% high. and make Rl 
:::: 3 RSET 


1.2V Regulator with 1.8V Minimum Input 


VIN~ 1.IV 


VOUT'1.2V 
IOUT~21lO~A 


lN457 


TLIH/5697-7 


'Select 
ratio of R1 to R2 for zero temperature 
drift 


FET Cascoding for Low Capacitance and/or Uitra High Output Impedance 


+VIN 


Generating Negative Output impedance 


+VIN 


Tl/H/5697-23 


·ZOUT::::::-16· 
R1 (R1/VIN must not exceed ISET) 


in-Line Current Limiter 


RSET 


TLIH/5697-9 


·Use minimum value required to ensure stability of protected 
device. This 


minimizes inrush current to a direct short 


f}1National 
Semiconductor 


General Description 


The 
LM136-2.S/LM236-2.S 
and 
LM336-2.S 
integrated 
cir- 
cuits 
are 
precision 
2.SV 
shunt 
regulator 
diodes. 
These 
monolithic 
IC voltage 
references 
operate 
as a low-tempera- 
ture-coefficient 
2.SV zener with 0.2!l. dynamic 
impedance. 
A 
third 
terminal 
on the 
LM136-2.S 
allows 
the 
reference 
volt- 
age and temperature 
coefficient 
to be trimmed 
easily. 


The LM136-2.S 
series 
is useful as a precision 
2.SV low volt- 
age reference 
for digital 
voltmeters, 
power 
supplies 
or op 
amp circuitry. 
The 2.SV make it convenient 
to obtain 
a sta- 
ble 
reference 
from 
SV logic 
supplies. 
Further, 
since 
the 
LM136-2.S 
operates 
as a shunt regulator, 
it can be used as 
either 
a positive 
or negative 
voltage 
reference. 


The 
LM136-2.S 
is 
rated 
for 
operation 
over 
-SS·C 
to 
+ 12S·C 
while 
the 
LM236-2.S 
is rated 
over 
a 
- 2S·C 
to 
+ 8S·C temperature 
range. 


The LM336-2.S 
is rated 
for operation 
over a O·C to + 70·C 
temperature 
range. 
See the connection 
diagrams 
for avail- 
able packages. 


Features 


• 
Low temperature 
coefficient 


• 
Wide 
operating 
current 
of 400 /LA to 10 mA 


• 
0.2!l. dynamic 
impedance 
• 
± 1% initial tolerance 
available 


• 
Guaranteed 
temperature 
stability 


• 
Easily trimmed 
for minimum 
temperature 
drift 


• 
Fast turn-on 
• 
Three 
lead transistor 
package 


Connection 
Diagrams 


TO-92 
Plastic 
Package 
TO-46 
Metal 
Can Package 


Bottom 
View 


Order 
Number 
LM236Z-2.5, 
LM236AZ-2.5, 
LM336Z-2.5 
or 
LM336BZ-2.5 
See NS Package 
Number 
Z03A 


Bottom 
View 


Order 
Number 
LM136H-2.5, 
LM 136H-2.5/883, 
LM236H-2.5, 
LM136AH-2.5, 
LM136AH-2.5/883 
or LM236AH-2.5 
See NS Package 
Number 
H03H 


Top View 


Order 
Number 
LM236M-2.5, 
LM236AM-2.5, 
LM336M-2.5 
or LM336BM-2.5 
See NS Package 
Number 
M08A 


2.5V Reference 


5V 


2.5V Reference 
with 
Minimum 
Temperature 
Coefficient 


5V 


Wide 
Input 
Range 
Reference 


vlN 3.5 - 40V 


tAdjust to 2.490V 


•Any silicon signal dtode 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified 
devices 
are required, 
Soldering Information 


please 
contact 
the 
National 
Semiconductor 
sales 
TO-92 Package (10 sec.) 
260"C 
Office/Distributors 
for availability 
and specifications. 
TO-46 Package (10 sec.) 
300'C 
Reverse Current 
15mA 
SO Package 


Forward Current 
10mA 
Vapor Phase (60 sec.) 
215'C 


Storage Temperature 
- 60"C to + 150'C 
Infrared (15 sec.) 
220"C 


Operating Temperature Range (Note 2) 
See AN·450 "Surface Mounting Methods and Their Effect 
LM136 
-55'Cto 
+ 150'C 
on Product Reliability" (Appendix D) for other methods of 
LM236 
- 25'C to + 85'C 
soldering surface mount devices. 


LM336 
O'Cto +70"C 


Electrical Characteristics 
(Note 3) 


LM136A-2.5/LM236A-2.5 
LM336B-2.5 
Parameter 
Conditions 
LM136-2.5/LM236-2.5 
LM336-2.5 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Reverse Breakdown Voltage 
TA=25'C,IR= 
1 mA 
LM136, LM236, LM336 
2.440 
2.490 
2.540 
2.390 
2.490 
2.590 
V 


LM136A, LM236A, LM336B 
2.465 
2.490 
2.515 
2.440 
2.490 
2.540 
V 


Reverse Breakdown Change 
TA=25'C, 
2.6 
6 
2.6 
10 
mV 
With Current 
400 ,..A,;;IR';;10 mA 


Reverse Dynamic Impedance 
TA= 25'C, IR= 1 mA, f = 100 Hz 
0.2 
0.6 
0.2 
1 
n 


Temperature Stability 
VRAdjusted to 2.490V 


(Note 4) 
IR= 1 mA, (Figure 2) 
O'C,;;TA';;70'C (LM336) 
1.8 
6 
mV 


-25'C,;;TA';; 
+ 85'C 
3.5 
9 
mV 
(LM236H, LM236Z) 
- 25'C ,;; TA ,;; + 85'C (LM236M) 
7.5 
18 
mV 


-55'C,;;TA';; 
+ 125'C (LM136) 
12 
18 
mV 


Reverse Breakdown Change 
400 ,..A,;;IR,;;10 mA 
3 
10 
3 
12 
mV 
With Current 


Reverse Dynamic Impedance 
IR=1 mA 
0.4 
1 
0.4 
1.4 
n 
Long Term Stability 
TA=25'C 
±0.1'C,IR=1 
mA, 
20 
20 
ppm 
t = 1000 hrs 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications 
do not apply when operating the device 
beyond its specified 
operating 
conditions. 


Note 2: For elevated 
temperature 
operation, 
Tj max is: 
LM136 
15O"C 
LM236 
125'C 
LM336 
100"C 


Thermol 
Reolotlnce 
TQ-92 
T0-46 
50-8 


8j, (Junction to Ambient) 
t80"C/W 
(0.4' 
leads) 
440"C/W 
165'C/W 


17O"C/W (0.125' 
lead) 


8" (Junction to Case) 
n/a 
80"C/W 
n/a 


Note 3: Unless otherwise specified, the LM136-2.5 is specified from - 55'C ,; TA ,; + 125'C, the LM236-2.5 from - 25'C ,; TA ,; + 85'C and the LM336-2.5 from 
O'C ,; TA ,; 
+70"C. 


Note 4: Tempereture 
stability for the LM336 and LM236 family is guaranteed 
by design. Design limrts are guaranteed 
(but not 100% production 
tested) over the 


iodated 
temperature 
and suppty voltage ranges. These limits are not used to calculate outgoing quality levels. Stability is defined as the maximum change in Vref 


from 25'C to TA (min) or TA (max). 
Typical Performance Characteristics 


Reverse Voltage Change 
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Application Hints 


The 
LM136 
series 
voltage 
references 
are much 
easier 
to 


use than 
ordinary 
zener 
diodes. 
Their 
low impedance 
and 


wide operating 
current 
range 
simplify 
biasing 
in almost 
any 


circuit. 
Further, 
either the breakdown 
voltage 
or the temper- 


ature coefficient 
can be adjusted 
to optimize 
circuit perform- 


ance. 


Figure 
1 shows 
an LM136 
with a 10k potentiometer 
for ad- 


justing 
the reverse 
breakdown 
voltage. 
With the addition 
of 


R1 the breakdown 
voltage 
can be adjusted 
without 
affecting 


the temperature 
coefficient 
of the 
device. 
The adjustment 


range 
is usually 
sufficient 
to adjust for both the initial device 


tolerance 
and inaccuracies 
in buffer 
circuitry. 


FIGURE 1. LM136 Wlttl Pot for AdJuatment 
of Breakdown Volt8ge 


(Trim Range = ± 120 mV typical) 


1'-00 
,....--- 


If minimum 
temperature 
coefficient 
is desired, 
two 
diodes 


can be added 
in series 
with the adjustment 
potentiometer 


as shown 
in Figure 2. When the device 
is adjusted 
to 2.490V 


the temperature 
coefficient 
is minimized. 
Almost 
any silicon 


signal diode can be used for this purpose 
such as a 1N914, 


1N4148 
or a 1N457. 
For proper 
temperature 
compensation 


the diodes 
should 
be in the same 
thermal 
environment 
as 


the LM 136. It is usually 
sufficient 
to mount 
the diodes 
near 


the LM 136 on the printed 
circuit 
board. The absolute 
resist- 


ance 
of R1 is not critical 
and any value 
from 
2k to 20k will 


work. 


,.~ 
LM1J6 
~ 


TLIH/5715-. 
FIGURE 2. Temperature Coefficient 
Adjustment 
(Trim Range = ± 70 mV typical) 


Typical Applications 
(Continued) 


Low Cost 2 Amp Switching Regulatort 


• L1 60 turns 
# 16 wire on Arnold Core A-254168-2 


tEfficiency 
=: 80% 


Trimmed 2.5V Reference with Temperature 
Coefficient 
Independent of Breakdown Voltage 


10V 


Typical Applications 
(Continued) 


Op Amp with Output 
Clamped 


RF 


2.5V Square 
Wave Calibrator 


SV 


Bipolar Output 
Reference 


SV 


10k 


2k 
1% 


M136·2.S 


RI 
14k 
R7 
Uk 


RI 
100 


AOJ 


Rt 
3Dk 


R1D 
Uk 


General Description 


The 
LM136-S.0/LM236-S.0/LM336-S.0 
integrated 
circuits 


are precision 
S.OV shunt regulator 
diodes. 
These 
monolithic 


Ie voltage 
references 
operate 
as a low temperature 
coeffi- 


cient 
S.OV zener 
with 0.60 
dynamic 
impedance. 
A third ter- 


minal 
on the 
LM136-S.0 
allows 
the 
reference 
voltage 
and 


temperature 
coefficient 
to be trimmed 
easily. 


The LM136-S.0 
series 
is useful as a precision 
S.OV low volt- 


age 
reference 
for digital 
voltmeters, 
power 
supplies 
or op 


amp circuitry. 
The S.OV makes 
it convenient 
to obtain 
a sta- 
ble reference 
from 
low voltage 
supplies. 
Further, 
since 
the 


LM136-S.0 
operates 
as a shunt regulator, 
it can be used as 


either 
a positive 
or negative 
voltage 
reference. 


The 
LM136-S.0 
is 
rated 
for 
operation 
over 
-ss'e 
to 


+ 12S'e 
while 
the 
LM236-S.0 
is rated 
over 
a 
- 2S'e 
to 


+ 8S'e 
temperature 
range. The LM336-S.0 
is rated for oper- 


Connection Diagrams 


TO-92 
Plastic 
Package 


ation over a o'e 
to + 70'e 
temperature 
range. See the con- 


nection 
diagrams 
for available 
packages. 
For applications 


requiring 
2.SV see LM136-2.S. 


Features 


• 
Adjustable 
4V to 6V 


• 
Low temperature 
coefficient 


• 
Wide 
operating 
current 
of 600 J-LAto 10 mA 


• 
0.60 
dynamic 
impedance 
• 
± 1% initial tolerance 
available 


• 
Guaranteed 
temperature 
stability 


• 
Easily trimmed 
for minimum 
temperature 
drift 


• 
Fast turn-on 
• 
Three 
lead transistor 
package 


TO-46 
Metal 
Can Package 


Bottom 
View 


Order 
Number 
LM236AZ-S.O, 
LM336Z-S.0 
or LM336BZ-S.O 


See NS Package 
Number 
Z03A 


Bottom 
View 


Order 
Number 
LM136H-S.O, 
LM136H-S.O/883, 
LM236H-S.O, 
LM 136AH-S.O, 
LM 136AH-S.O/883, 


or LM236AH-S.O 
See NS Package 
Number 
H03H 


S.OV Reference 


IOV 


S.OV Reference 
with 
Minimum 
Temperature 
Coefficient 


IOV 


tAdjust to 5.00V 


•Any silicon signal diode 


TUH/5716-7 


Order 
Number 
LM336M-S.O 
or 


LM336BM-S.O 
See NS Package 
Number 
M08A 


Trimmed 
4V to 6V Reference 


with 
Temperature 
Coefficient 


Independent 
of Breakdown 
Voltage 


IOV 


TL/H/5716-3 


·Ooes not affect temperature 
coefficient 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Soldering 
Information 


please 
contact 
the 
National 
Semiconductor 
Sales 
TO-92 
Package 
(10 sec.) 
260'C 
Office/Distributors 
for 
availability 
and 
specifications. 
TO-46 
Package 
(10 sec.) 
300'C 


Reverse 
Current 
15mA 
SO Package 


Forward 
Current 
10mA 
Vapor Phase (60 sec.) 
215'C 


Infrared 
(15 sec.) 
220'C 
Storage 
Temperature 
-60'C 
to + 150'C 
See AN-450 
"Surface 
Mounting 
Methods 
and Their 
Effect 
Operating 
Temperature 
Range 
(Note 2) 
on Product 
Reliability" 
(appendix 
D) for other 
methods 
of 
LM136-5.0 
- 55'C to + 150'C 
soldering 
surface 
mount 
devices. 
LM236-5.0 
- 25'C to + 85'C 


LM336-5.0 
O'Cto 
+70'C 


Electrical Characteristics 
(Note 3) 


LM 136A-S.O/LM236A-S.O 
LM336B-S.O 


Parameter 
Conditions 
LM 136-S.0/LM236-S.0 
LM336-S.0 
Units 


Mln 
Typ 
Max 
Min 
Typ 
Max 


Reverse 
Breakdown 
Voltage 
TA=25'C,IR=1 
mA 


LM 136-5.0/LM236-5.0/LM336-5.0 
4.9 
5.00 
5.1 
4.8 
5.00 
5.2 
V 


LM136A-5.0/LM236A-5.0, 
LM336B-5.0 
4.95 
5.00 
5.05 
4.90 
5.00 
5.1 
V 


Reverse 
Breakdown 
Change 
TA=25'C, 
6 
12 
6 
20 
mV 


With Current 
600 ~A:S;IR:S;10 mA 


Reverse 
Dynamic 
Impedance 
TA=25'C, 
IR= 1 mA, f = 
100 Hz 
0.6 
1.2 
0.6 
2 
n 


Temperature 
Stability 
VR Adjusted 
5.00V 


(Note 4) 
IR = 1 mA, (Figure 2) 


O'C:s; TA:S;70'C 
(LM336-5.0) 
4 
12 
mV 
- 25'C:s; TA:S;+ 85'C 
(LM236-5.0) 
7 
18 
mV 
- 55'C:s; TA:S;+ 125'C 
(LM 136-5.0) 
20 
36 
mV 


Reverse 
Breakdown 
Change 
600 ~A:S;IR:S;10 mA 
6 
17 
6 
24 
mV 
With Current 


Adjustment 
Range 
Circuit of Figure 
1 
±1 
±1 
V 


Reverse 
Dynamic 
Impedance 
IR = 
1 mA 
0.8 
1.6 
0.8 
2.5 
n 


Long Term Stability 
TA=25·C±0.1·C,IR=1 
mA,t= 
1000hrs 
20 
20 
ppm 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications 
do not apply when operating the device 
beyond its specified 
operating 
conditions. 


Note 2: For elevated temperature 
operation, 
Tj max is: 
LM136 
ISO"C 
LM236 
12S'C 
LM336 
l00"C 


Thermal 
Resistance 
To-92 
To-46 
50-8 


Bja (Junction to Ambient) 
180"C/W 
(0.4' 
Leads) 
440"C/W 
16S'C/W 
17O"C/W 
(0.12S" Leads) 


8ja (Junction to Case) 
N/A 
80"C/W 
N/A 


Nol. 
3: Unless otherwise 
specified, 
the LMI36-S.0 
is specified 
from 
-SS'C"TA" 
+ 12S'C, the LM236-S.0 from -2S'C"TA" 
+8S'C 
and the LM336-S.0 from 
O"C"TA" 
+70"C. 


Note 4: Temperature 
stability for the LM336 and LM236 family is guaranteed 
by design. Design limits are guaranteed 
(but not 100% percent production 
tested) 
over the indicated temperature 
and supply voltage ranges. These limits are not used to calculate outgoing quality lavels. Stability is defined 8S the maximum charge 
in VREF from 2S'C to TA(min) or TA(max). 
• 


Typical Performance 
Characteristics 


Reverse Voltage Change 
Zener Noise Voltage 
Dynamic Impedance 


8 
400 
100 


;; 
I 


IR-lmA 
I=IR·l 
•• A 
.! 
Tj· 
25'C 


w 
I Tj"125'C 
-l-/ 
350 \ 


~ 
\125'C~ 
~ 
6 
w 
10 I 
I 
z 


i'-25'C' 


~ 


u 
.. 
% 
~ 


Z.. 
u 
" 7/ 


300 
co 
~ 
\ 
i 
.. 
4 
> 
~ 
A :/<, 
.!! 
u 


~ 


co 
iil 
250 
~ 
> 
W 
Ti- -5S0t 
co 
" 


1 
Tj' 
::S6'C 
z 
z 


'" 
2 
> 
, 
200 
co 


~ 
/ 
0.11 
I 
0 
160 
0 
2 
4 
6 
8 
10 
10 
100 
lk 
10k 
lOOk 
10 
100 
lk 
10k 
lOOk 


REVERSE 
CURRENT 
(mA) 
FREOUENCY 
(H.) 
FREOUENCY 
(Hz) 


TLiH/5716-2 


Response Time 
Reverse Characteristics 
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Application 
Hints 
The LM136-5.0 series voltage references are much easier 
If minimum temperature coefficient is desired, four diodes 
to use than ordinary zener diodes. Their low impedance and 
can be added in series with the adjustment potentiometer 
wide operating current range simplify biasing in almost any 
as shown in Figure 2. When the device is adjusted to 5.00V 
circuit. Further, either the brea'<downvoltage or the temper- 
the temperature coefficient is minimized. Almost any silicon 
ature coefficient can be adjusted to optimize circuit perform- 
signal diode can be used for this purpose such as a 1N914, 


ance. 
1N4148 or a 1N457. For proper temperature compensation 


Figure 
1 shows an LM136-5.0 with a 10k potentiometer for 
the diodes should be in the same thermal environment as 
adjusting the reverse breakdown voltage. With the addition 
the LM136-5.0. It is usually sufficient to mount the diodes 


of R1 the brel!kdown voltage can be adjusted without af- 
near the LM136-5.0 on the printed circuit board. The abso- 


fecting the temperature coefficient of the device. The ad- 
lute resistance of the network is not critical and any value 
justment range is usually sufficient to adjust for both the 
from 2k to 20k will work. Because of the wide adjustment 
initial device tolerance and inaccuracies in buffer circuitry. 
range, fixed resistors should be connected in series with the 
pot to make pot selting less critical. 


- 
TLIH/5716-9 
FIGURE 1. LM136·5.0 with Pot for Adjustment of 
Breakdown Voltage (Trim Range = ± 1.0VTypical) 


TLIH/5716-10 
FIGURE 2. Temperature Coefficient Adjustment 
(Trim Range = ±O.5VTypIcal) 


Typical Applications 
(Continued) 


Precision Power Regulator with Low Temperature Coefficient 
• 
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t1National 
Semiconductor 


LM169/LM369 
Precision Voltage Reference 


General Description 
The LM169/LM369 are precision monolithic temperature- 
compensated voltage references. They are based on a bur- 
ied zener reference as pioneered in the LM199 references, 
bU1do not require any heater, as they rely on special·tem- 
perature-compensation techniques (Patent Penlling). The 
LM169 makes use of thin-film technology enhanced by the 
discrete laser trimming of resistors to achieve excellent 
Temperature coefficient (Tempco) of Vout (as low as 1 
ppml"C), along with tight initial tolerances (as low as 0.05% 
max). The trim scheme is such that individual resistors are 
cut open rather than being trimmed (partially cut), to avoid 
resistor drift caused by electromigration in the trimmed area. 
The LM169 also provides excellent stability vs. changes in 
input voltage and output current (both sourcing and sinking). 
The devices have a 10.000V output and will operate in ei- 
ther series or shunt mode; the output is short-circuit-proof to 
ground. A trim pin is available which permits fine-trimming of 
Vout, and also permits filtering to greatly decrease the out- 
put noise by adding a small capacitor (0.05 to 0.5 ,...F). 


3 ppm/oC (max) 
±5 mV (max) 


4 ppmlV (max) 
±O.Bfi (max) 


±20 ppm/100 mW (max) 


• 
Low Tempco 
• 
Excellent initial accuracy 
• 
Excellent line regulation 
• 
Excellent output impedance 
• 
Excellent thermal regUlation 
• 
Low noise 
• 
Easy to filter output noise 
• 
Operates in series or shunt mode 


Applications 
• 
High-Resolution Data Acquisition Systems 
• 
Digital volt meters 
• 
Weighing systems 
• 
Precision current sources 
• 
Test Equipment 


Order Number LM369DM, LM369DMX," 
LM369N, 


LM369BN, LM369CN or LM369DN 


TLIH/9110-1 
See NS Package Number M08A or N08E 


"X 
denotes 2500 units on Tape and Reel and is not included in the device 


part number marking 


" 
GROUND 


Top View 


(Case is connected 
to ground.) 


Order Number LM169H, LM169BH, 
LM169H/883, LM369H or LM369BH 
See NS Package Number H08C 


Dual·ln·Llne Package (N) 
or S.O. Package (M) 
·oa. 
+YIN 
2 
7' 


• 
3, 
6 
Your 


GROUND" 
5 
fiLTER AND 
TRill PIN 


TO·226 Plastic Package (RC) 


Your'8GROUND 


+Y1N 


BoltomVlew 


Order Number LM369DRC 
See NS Package Number RC03A 


Office/Distributors 
for availability 
and specifications. 


Input Voltage (Series Mode) 
35V 


Reverse Current (Shunt Mode) 
50 mA 


Power Dissipation (Note 7) 
600 mW 


Storage Temperature Range 
- 60·C to + 150·C 


Operating Temperature Range 
(Tj min to Tj max) 


LM169H, LM169H/883 
-55·C to + 125·C 


LM369 
O·Cto + 70·C 


H08 (H) Package, 10 sec. 
+ 300"C 
SO (M) Package, Vapor Phase (60 sec.) 
+ 215·C 
Infrared (15 sec.) 
+ 220·C 
See AN-450 "Surface Mounting Methods and Their Effect 
on Product Reliability" (Appendix D) for other methods of 
soldering surface mount devices. 
ESD Tolerance 
Czap= 100 pF, Rzap= 1.5k 
800V 


Tested 
Design 
Units 


Parameter 
r 
Conditions 
Typical 
Limits 
LimIt 
(Max 
Unless 
(Notes 2,13) 
(Note 3) 
Noted) 


YOU!Nominal 
+10.000 
. 
V 


You!Error 
(Note 11) 
50 
±500 
ppm 


0.50 
±5 


" 
mV 


yOU!Tempco 
LM169B, LM369B 
Tmin < Tj < Tmax 
1.0 
3.0 
- 
ppm/"C 
LM169, LM369 
Tmin < Tj < Tmax 
2.7 
5.0 
- 
ppm/"C 
LM369C 
Tmin < Tj < Tmax 
6 
, 
10 
- 
ppm/"C 
(Note 6) (Note 11) 


Line Regulation 
13V ,;; VIN ,;; 30V 
2.0 
4.0 
8.0 
ppmlV 


Load Regulation 
Sourcing 
Oto 10mA 
+3 
±8.0 
20.0 
ppm/mA 
Sinking (Note 12) 
Oto -10mA 
+80 
+150 
ppm/mA 
(Note 4, Note 9) 


Thermal Regulation 
(t = 10 msec 


Sourcing 
After Load 
3.0 
±20 
- 
ppm/100 mW 
Sinking (Note 12) 
is Applied) 
3.0 
- 
- 
ppm/100mW 
(Note 5) 


Supply Current 
1.4 
1.8 
2.0 
mA 


ASupply Current 
13V ,;; VIN ,;; 30V 
0.06 
0.12 
0.2 
mA 


Short Circuit 
27 
15 
11 
mAmin 
Current 
50 
65 
mAmax 


Noise Voltage 
10 Hz to 1 kHz 
10 
30 
- 
",Vrms 


0.1 Hz to 10 Hz 
4 
- 
- 
",Vp-p 


(10 Hz to 10 kHz, 
4 
- 
- 
",Vrms 


Ctil!er= 0.1 ",F) 
... 


Long-term 
1000 hours, 
6 
- 
- 
ppm 
Stability 
Tj < Tmax 
:., 


(Non-Cumulative) 
(Measured at 


(Note 10) 
+ 25·C) 


Temperature 
AT = 25·C 
3 
- 
- 
ppm 
Hysteresis of yOU! 


Output Shift 
1500 
2600 
- 
ppm 
per 1 ",A at Pin 5 
.' 


- 
- 
(Max 
Parameter 
Conditions 
Typical 
Limits 
Limit 
Unless 
(Notes 
2, 13) 
(Note 
3) 
Noted) 


Vout Nominal 
+10.000 
V 


Vout Error, 
70 
±1000 
- 
ppm 


LM369D 
0.7 
±10.0 
- 
mV 


Vout Tempco 
Tmin';; 
Tj';; 
Tmax 
5 
30 
ppmrc 
(Note 6) 


Line Regulation 
13V ,;; VIN ,;; 30V 
2.4 
±6.0 
12 
ppmlV 


Load Regulation 


Sourcing 
Oto10mA 
+3 
±12 
±25 
ppm/mA 


Sinking 
(Note 12) 
Oto 
-10mA 
+80 
+160 
ppm/mA 


(Note 4, Note 9) 


Thermal 
Regulation 
(t = 10msec 


Sourcing 
After Load 
4.0 
±25 
- 
ppm/100mW 


Sinking 
(Note 12) 
is Applied) 
4.0 
- 
- 
ppm/100mW 


(Note 5) 


Supply Current 
1.5 
2.0 
2.4 
mA 


.6.Supply Current 
13V ,;; VIN ,;; 30V 
0.06 
0.16 
0.3 
mA 


Short Circuit 
27 
14 
10 
mAmin 


Current 
50 
65 
mAmax 


Noise Voltage 
10Hzto1 
kHz 
10 
30 
- 
p.Vrms 


0.1 Hzto10Hz 
4 
- 
- 
p.Vp-p 


(10 Hz to 10 kHz, 
4 
- 
- 
p.Vrms 


Gjilter = 0.1 p.F) 


Long-Term 
1000 Hours, 
8 
- 
- 
ppm 
Stability 
Tj < Tmax 
(Non-Cumulative) 
(Measured 
at 


+ 25'C) 


Temperature 
.6.T = 25'C 
5 
- 
- 
ppm 


Hysteresis 
of Vout 


Output 
Shift 
1500 
2800 
- 
ppm 
Per 1 p.A at Pin 5 


Note 1: Unlessotherwisenoted,these conditionsapply:Tj ~ + 25'C, 13V ,; Vln ,; 17V,0 ,; Iload,; '.0 mA,CL = ,; 200 pF. Specificationsin BOLDFAC.D 
TYpa 
apply over the rated operating temperature 
range. 


Note 2: Tosled limits are guaranteed 
and 100% tested in production. 


Note 3: Design Umits are guaranteed 
(but not 100% production 
tested) over the indicated temperature 
and supply voltage ranges. These limits are not to be used 
to calculate 
outgoing 
quality levels. 


Note 4: The LM169 has a Class 8 output. and will exhibit transients 
at the crossover 
point. This point occurs when the device is required to sink approximately 
1.0 
mA. In some applications 
it may be advantageous 
to pre-load the output to either Vin or to ground, to avoid this crossover 
point. 


Note 5: Thermal regulation 
is defined as the change in the output voltage at a time T after a step change of power dissipation 
of 100 mW. 


Note 6: Temperature 
Coefficient 
of VOUT 
is defined as the worst-case 
.c1Vout measured 
at Specified 
Temperatures 
divided by the total span of the Spectfied 
Temperature 
Range (see graphs). There is no guarantee 
that the Specified Temperatures 
are exactly at the minimum or maximum deviation. 
Note 7: In metalcan (H), 
9J-C is 75'C/W and 9J-A is 150"C/W.In plasticDIP, 
9J_A is 160"C/W.In SO-B,9J-A is 1BO"C/W,in TO-226,9J_A is 16O"C/W. 


Note 8: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical 
specifications 
are not guaranteed 
beyond 
the RatedOperatingConditions. 


Note 9: Regulation 
is measured at constant 
temperature 
using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are covered 
under the specifications 
for Thermal Regulation 
and Tempco. 
Load RegUlation is measured at a point on the output pin 1/8" 
below the bottom of the package. 


Note 10: Consult factory for availability 
of devices with Guaranteed 
Long-term 
Stability. 


Note 11: Consult factory for availability 
of devices with tighter Accuracy 
and Tampeo Specifications. 


Note 12: In Sinking mode, connect 
0.1 ILF tantalum capacitor 
from output to ground. 


Note 13: A military RETS electrical 
test specification 
is available on request. 


• 


Typical Performance Characteristics 
(Note 1) 


Dropout Voltage vs 
Quiescent Current vs Input 
Output Current (Series 
Output Change vs 
Voltage and Temperature 
Mode Sourcing Current) 
Output Current 
2.0 
£ 
3 
8 


1r ~55'C 
J 


7 
l' 
1.6 


1 
8 
= 'i' 
, 
]: 
I 
I 
~ 
2 
-55'C 
5, 
12 
.25'C 
It: 
I- 
~ 
g 
.25'C 
_... 
4 
.125'C 
~ 
a 
•••• 
125'C 
3 


m 


OJ! 
~ 
1- 
-- 
5 
2 
I 
!:i 
§ 
1- 
SIIl~ 
- - 
I 
~ 
SOURCING 
5 
llA 
i 


0 
'I 


0.0 II 
-1 


I 
l!! 
0 
-2 
0 
10 
2lJ 
30 
010 
0 
2 
4 
8 
8 
10 
-10 
0 
.10 


INPUTVOlTAGE(V} 
OUTPUTCURRENT(mA} 
OUTPUTCURROO(mA} 


Output Impedance 
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LM169 Temperature 
Output Noise vs Filter 
Coefficient 
Specified 
Output Noise vs Frequency 
Capacitor 
Temperatures (see Note 6) 
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LM369 Temperature 
TUH/9110-26 


Coefficient Specified 
Typical Temperature 
Coefficient 
Calculations: 


Temperatures (see Note 6) 
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(see curve above): 
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Application 
Hints 
The LM169/LM369 can be applied in the same way as any 
other voltage reference. The adjacent Typical Applications 
Circuits suggest various uses for the LM169/LM369. The 
LM169 is recommended for applications where the highest 
stability and lowest noise is required over the full military 
temperature range. The LM369 is suitable for limited-tem- 
perature operation. The curves showing the Noise vs. Ca- 
pacitance in the Typical Performance Characteristics sec- 
tion show graphically that a modest capacitance of 0.1 to 
0.3 microfarads can cut the broadband noise down to a lev- 
el of only a few microvolts, less than 1 ppm of the output 
voltage. The capacitor used should be a low-leakage type. 
For the temperature range 0 to 50'C, polyester or Mylar~ 
will be suitable, but at higher temperatures, a premium film 
capacitor such as polypropylene is recommended. For oper- 
ation at + 125'C, a Teflon~ capacitor would be required, to 
ensure sufficiently low leakage. Ceramic capacitors may 
seem to do the job, but are not recommended for produc- 
tion use, as the high-K ceramics cannot be guaranteed for 
low leakage, and may exhibit piezo-electric effects, convert- 
ing vibration or mechanical stress into excessive electrical 
noise. 
Additionally, the inherent superiority of the LM169/369's 
buried Zener diode provides freedom from low-frequency 
noise, wobble, and jitter, in the frequency range 0.01 to 10 
Hertz, where capacitive filtering is not feasible. 


Pins 1, 3, 7, and 8 of the LM169/369 are connected to 
internal trim circuits which are used to trim the device's out- 
put voltage and Tempco during final testing at the factory. 
Do not connect any1hingto these pins, or improper opera- 
tion may result. These pins would not be damaged by a 
short to ground, or by Electrostatic Discharges; however, 
keep them away from large transients or AC signals, as 
stray capacitance could couple noises into the output. 
These pins may be cut off if desired. Alternatively, a shield 
foil can be laid out on the printed circuit board, surrounding 
these pins and pin 5, and this guard foil can be connected to 
ground or to VOU!' effectively acting as a guard against AC 
coupling and DC leakages. 


The trim pin (pin 5) should also be guarded away from noise 
signals and leakages, as it has a sensitivity of 15 millivolts of 
t1Voutper microampere. The trim pin can also be used in 


the circuits shown, to provide an output trim range of ± 10 
millivolts. Trimming to a wider range is possible, but is not 
recommended as it may degrade the Tempco and the 
Tempco linearity at temperature extremes. For example, if 
the output were trimmed up to 10.240V, the Tempco would 
be degraded by 6 ppm/"C. As a general rule, Tempco will 
be degraded by 1 ppm/"C per 30 mV of output adjustment. 


The output can sink current as well as source it, but the 
output impedance is much better for sourcing current. Also, 
the LM169/369 requires a 0.1 I-'F tantalum capacitor (or, 
0.1 I-'Fin series with 100.) bypass from the output to ground, 
for stable operation in shunt mode (output sinking current). 
The output has a class-B stage, so if the load current chang- 
es from sourcing to sinking, an output transient will occur. 
To avoid this transient, it may be advisable to preload the 
output with a few milliamperes of load to ground. The 
LM169/369 does have an excellent tolerance of load ca- 
pacitance, and in cases of load transients, electroly1ic or 
tantalum capacitors in the range 1 to 500 microfarads have 
been shown to improve the output impedance without de- 
grading the dynamic stability of the device. The LM169/369 
are rated to drive an output of ± 10 mA, but for best accura- 
cy, any load current larger than 1 mA can cause thermal 
errors (such as, 1 mA x 5V x 4 ppm/100 mW = 0.2 ppm 
or 2 microvolts) and degrade the ultimate precision of the 
output voltage. 
The output is short-circuit-proof to ground. However, avoid 
overloads at high ambient temperatures, as a prolonged 
short-circuit may cause the junction temperature to exceed 
the Absolute Maximum Temperature. The device does not 
include a thermal shut-down circuit. If the output is pulled to 
a positive voltage such as + 15 or +20V, the output current 
will be limited, but overheating may occur. Avoid such over- 
loads for voltages higher than +20 V, for more than 5 sec- 
onds, or, at high ambient temperatures. 


The LM169/369 has an excellent long-term stability, and is 
suitable for use in high-resolution Digital Voltmeters or Data 
Acquisition systems. Its long-term stability is typically 3 to 10 
ppm per 1000 hours when held near Tmax,and slightly bet- 
ter when operated at room temperature. Contact the factory 
for availability of devices with proven long-term stability. 
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R = Thin Film Resistor Network 


0.05% 
Matching and 5 ppm Tracking 


(Beckman 
694-3-R-10K-A), 


(Caddock T-914-10K-100-oS) 
(Allen Bradley FOSB103A) 
or similar. 


Typical Applications 
(Continued) 


Precision Wide-Range Current Source 


+15 


Q" 
Q2 ~ high IJ PNP, 
PN4250, 2N3906, 


or similar 
• = Part of Precision 
Resistor 
Network, 


±0.05% 
Matching, 
(Allen Bradley FOBB103A) 
(Caddock T-914-1 OK-100-05) 
(Beckman 
694-3-R-10K-A) 
or similar 


A ~ V.LF444A or 


Yo LF412A or 
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R - 
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0.05% 
Matching and 5 ppm Tracking 
(Beckman 
694-3-R-10K-A), 
(Caddock T-914-10K-100-05) 
(Allen Bradley FOBB103A) 
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10V 
lout - R;;" 


Al 
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(V3 
+ 
2V) 
S; Vout S; +20V. 


01, 
02 
~ 
high Beta 
NPN, 2N3707, 
2N3904 
or similar. 


Vout = -10V 
x 
(Digitally 
Set Gain). 
A1 = LM11A, 
LM607, 
or similar. 
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DAC1230, 
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1 
When N pieces of lM369 
are used. the Vout noise is decreased 
by a factor of IN 


If the output buffer is not used, for lowest noise add 0.1 JLFMylar. from ground to pin 5 of each LM369. 
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TRIt.lS.. 


tt/National 
Semiconductor 


LM 185/LM285/LM385 
Adjustable Micropower Voltage References 


General Description 


The 
LM185/LM285/LM385 
are micropower 
3-terminal 
ad- 


justable 
band-gap 
voltage 
reference 
diodes. 
Operating 
from 


1.24 to 5.3V and over a 10 /JoAto 20 mA current 
range, they 


feature 
exceptionally 
low 
dynamic 
impedance 
and 
good 


temperature 
stability. 
On-chip 
trimming 
is used 
to provide 


tight 
voltage 
tolerance. 
Since 
the 
LM185 
band-gap 
refer- 


ence 
uses 
only 
transistors 
and 
resistors, 
low 
noise 
and 


good 
long-term 
stability 
result. 


Careful 
design 
of the LM185 
has made the device 
tolerant 


of capacitive 
loading, 
making 
it easy to use in almost 
any 


reference 
application. 
The 
wide 
dynamic 
operating 
range 


allows 
its use with 
widely 
varying 
supplies 
with 
excellent 


regulation. 


The extremely 
low power drain of the LM185 makes 
it useful 


for micropower 
circuitry. 
This voltage 
reference 
can be used 


to make portable 
meters, 
regulators 
or general 
purpose 
an- 


Connection 
Diagrams 


TO-92 
Plastic 
Package 


alog circuitry 
with battery 
life approaching 
shelf life. Further, 


the wide 
operating 
current 
allows 
it to replace 
older 
refer- 


ences 
with a tighter 
tolerance 
part. 


The 
LM185 
is rated 
for operation 
over 
a -55'C 
to 125'C 


temperature 
range, while the LM285 
is rated 
-40'C 
to 85'C 


and the 
LM385 
O'C to lO'C. 
The 
LM185 
is available 
in a 


hermetic 
TO-46 
package 
and a lead less chip carrier 
pack- 


age, 
while 
the 
LM285/LM385 
are available 
in a low-cost 


TO-92 
molded 
package, 
as well as 5.0. 


Features 


• 
Adjustable 
from 
1.24V to 5.30V 


• 
Operating 
current 
of 10 /JoAto 20 mA 


• 
1% and 2% initial tolerance 


• 
1 n dynamic 
impedance 


• 
Low temperature 
coefficient 


TO-46 
Metal 
Can Package 
SO Package 


NC 
NC 


7 
6 


~\i;; 


Bottom 
View 


Order 
Number 
LM285BXZ. 


LM285BYl, 
LM285Z, 
LM385BXZ, 


LM385BYZ, 
LM385BZ 
or LM385Z 


see NS Package 
Number 
Z03A 


Bottom 
View 


Order 
Number 
LM185BH. 
LM185BH/883, 
LM185BYH 
or LM185BYH/883 
See NS Package 
Number 
H03H 


TLIH/5250-10 


Order 
Number 
LM285M, 
LM285BYM, 


LM385BM 
or LM385M 
See NS Package 
Number 
M08A 


1.2V Reference 


9V 


5.0V Reference 


9V 


HI 
VOUT ~ 
1.24 (~+ 1) 


50k 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Soldering 
Information 


please 
contact 
the 
National 
Semiconductor 
Sales 
TO-92 
Package 
(10 sec.) 
260'C 


OHlce/Dlstrlbutors 
for 
availability 
and 
specifications. 
T0-46 
Package 
(10 sec.) 
300'C 


(Note 
2) 
SO Package 


Reverse 
Current 
30mA 
Vapor Phase (60 sec.) 
215'C 


Forward 
Current 
10mA 
Infrared 
(15 sec.) 
220'C 


Operating 
Temperature 
Range 
(Note 
3) 
See An-450 
"Surface 
Mounting 
Methods 
and Their 
Effect 


LM185 Series 
- 55'C to 125'C 
on Product 
Reliability" 
for other 
methods 
of soldering 
sur- 


LM285 Series 
-40'C 
to 85'C 
face mount 
devices. 
I 


LM385 Series 
O'Cto 
70'C 


Storage 
Temperature 
-55'Cto 
150'C 


Electrical Characteristics 
(Note 4) 


LM185, LM285 
LM385 
.. 


LM18S8X, LM1858Y 
LM3858X, 
LM1858, LM2858X, 
LM285 
LM3858Y 
LM385 
Units 
Parameter 
Conditions 
Typ 
LM2858Y, 
Typ 
(Limit) 
Tested 
Design 
Tested 
Design 
Tested 
Design 
Tested 
Design 
Limit 
Limit 
Limit 
Limit 
limit 
Limit 
Limit 
Limit 
, 
.(Note 5) 
(Note 6) (NoteS 
(Note 6 
(NoteS) (Note 6 (Note 5) (Note 8) 


Reference Voltage 
IR = loop.A 
1.240 
1.252 
1.265 
1.270 1.240 
1.252 
1.21111 1.265 
1.270 
V 
1.255 
(max) 
1.228 
1.215 
1.205 
1.228 
1.2111 1.215 
1.2011 
V 
1.215 
.. 
(min) 


Reference Voltage 
1MIN < IR < 1 mA 
"'. 
0.2 
1 
1.5 
1 
1.5 
0.2 
1 
1.5 
1 
1.5 
mV 


Change with Current 
1 mA < IR < 20 mA 
4 
10 
20 
10 
20 
5 
15 
25 
15 
25 
(max) 


Dynamic Output 
IR = 100 p.A,f = 100 Hz 
Impedance 
lAC = O.lIR 
VOUT= VREF 
0.3 
0.4 
n 


VOUT= 5.3V 
0.7 
1 


Reference Voltage 
IR = loop.A 
mV 
Change with Output 
1 
3 
II 
3 
II 
2 
5 
10 
5 
10 
(max) 
Voltage 
" 


Feedback Current 
13 
20 
25 
20 
25 
16 
30 
35 
30 
35 
nA(max) 


Minimum Operating 
VOUT= VREF 
6 
g 
10 
9 
10 
7 
11 
13 
11 
13 
p.A 


Current (see curve) 
VOUT= 5.3V 
30 
45 
50 
45 
50 
35 
55 
110 
55 
110 
(max) 


Output Wideband 
IR = 100p.A,10Hz 
<f 
< 10kHz 


Noise 
VOUT= VREF 
50 
50 
p.Vrrns 


VOUT= 5.3V 
170 
170 


Average Temperature IR = 100p.A 
X Suffix 
30 
30 
30 
30 
ppml"c 


Coefficient (Note 7) 
Y Suffix 
50 
50 
50 
50 
(max) 
All Others 
150 
150 
150 
150 


Long Term Stability 
IR = 100 p.A,T = 1000 Hr, 
20 
20 
ppm 
TA = 25'C ± O.l'C 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 


intended 
to be functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifICations and test conditions. 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. 


Note 2: Refer to RETS185H for military specifications. 


Thermal Resistance 
To-92 
To-46 
so-a 


Note 3: For elevated 
temperature 
operation. 
Tj max is: 
LM185 
1SOOC 
8ja (Junctionto Ambient) 
1800C/W 
(0.4" leads) 
4400C/W 
165'C/W 
LM285 
125'C 
1700C/W 
(0.125" leads) 


LM385 
100'C 
8)c (Junctionto Case) 
N/A 
800C/W 
N/A 


Note 4: ParametersidentifiedwIIh bold1acetype applyat temperatureextremes.All other numbersapplyat TA - 
TJ - 
25·C. Unlessotherwisespecified,all 


parametersapplyfor VREF< VOUT< 5.3V. 
Note 5: Guaranteedand 100% productiontested. 


Note 6: Guaranteed. 
but not 100% production 
tested. These limits are not to be used to calculate 
average outgoing quality levels. 


Note 7: The average temperature 
coefficient 
is defined as the maximum deviation of reference voltage at all measured temperatures 
from Tmin to Tmax,divided by 
Tmax- Tm;n.The measuredtempanlturesare -55, -40,0,25,70,85, 
125·C. 


. 


Temperature Drift of 3 
Representative 
Units 
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Output Noise Voltage 
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LM185 
Temperature Coefficient 
Typical 
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Reverse Characteristics 
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LM285 
Temperature Coefficient Typical 
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Forward Characteristics 
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LM385 
Temperature Coefficient Typical 
i .,.:; 
o 
0 
0 


-5 


5000 
-0.5 


70GG 


l-licL!.o~:2 
+70 
L.: 
""'"C--O.0026 
4Y 
pprn/°c-[ID 
TEMPeG= aT 


TLIH/5250-4 


• 


Typical Applications 
(Continued) 


Precision 10V Reference 


VOUl 
10V 
R2 
301K 
I·/, 


VOUI 
25V 
Rl 
120k 


VOUI 
2.5V 
Rl 
l20k 


VOUI 


R2 
R3 
R7 
5V 


3k 
1M 
R4 
332k 
10K 
1°/. 


C, 
+ 
O.l,F 
R5 
10k 
RB 
1M,./. 


R6 
22k 


HEAT SINK 
-, 
I 


12N2905 


-J 


Typical Applications 
(Continued) 


Voltage Level Detector 


Fast Positive Clamp 
2.4V + aV01 
Bidirectional 
Clamp 
±2.4V 


+ 
A2 


50"" 


Bidirectional 
Adjustable Clamp 


± 1.8V to ± 2.4V 
Bidirectional 
Adjustable Clamp 


±2.4Vto 
±6V 


VIN 


I t 
Al 


Typical Applications 
(Continued) 


Simple Floating Current Detector 
Current Source 


+15V 


1N4002 


02 


":" 
1~ < loUT < 100 iliA 


lOUT- 
1.::V 


N.C. 


1.24V 
ITHRESHOLO-R1-3.7 mA:t2% 


• 01 can be any LED, VF= 1.5V to 2.2V at 3 mA. 01 may act as an 
indicator. 01 will be on if 'THRESHOLDfalls below the threshold 
current, 


except with 1=0. 


Centigrade Thermometer, 
10 mVI'C 


gy 


1 
REFERENCE 


Order Number LM185BE/883 
See NS Package Number E20A 


LM 185-1.2/LM285-1.2/LM385-1.2 
Micropower 
Voltage Reference Diode 


General Description 
The 
LM185-1.2/LM285-1.2/LM385-1.2 
are 
micropower 


2-terminal band-gap voltage regulator diodes. Operating 
over a 10 IJ-Ato 20 mA current range, they feature excep- 
tionally low dynamic impedance and good temperature sta- 
bility. On-chip trimming is used to provide tight voltage toler- 
ance. Since the LM185-1.2 band-gap reference uses only 
transistors and resistors, low noise and good long term sta- 
bility result. 


Careful design of the LM185-1.2 has made the device ex- 
ceptionally tolerant of capacitive loading, making it easy to 
use in almost any reference application. The wide dynamic 
operating range allows its use with widely varying supplies 
with excellent regulation. 
The extremely low power drain of the LM18S-1.2 makes it 
useful for micropower circuitry. This voltage reference can 
be used to make portable meters, regulators or general pur- 
pose analog circuitry with battery life approaching shelf life. 
Further, the wide operating current allows it to replace older 
references with a tighter tolerance part. 


The LM18S-1.2 is rated for operation over a -SS·C 
to 
12S·C temperature range while the LM28S-1.2 is rated 
- 40·C to 8S·Cand the LM38S-1.2O·Cto 70·C. The LM18S- 
1.2/LM28S-1.2 are available in a hermetic TO-46 package 
and the LM28S-1.2/LM38S-1.2 are also available in a low- 
cost TO-92 molded package, as well as S.O. The LM18S- 
1.2 is also available in a hermetic leadless chip carrier pack- 
age. 


Features 
• 
±4 mV (±0.3%) 
max. initial tolerance (A grade) 
• 
Operating current of 10 IJ-Ato 20 mA 
• 
0.60 max dynamic impedance (A grade) 
• 
Low temperature coefficient 
• 
Low voltage reference-1.23SV 
• 
2.SV device and adjustable device also available 
- 
LM18S-2.Sseries and LM18S series, respectively 


TO·46 
Metal Can Package (H)8'·' 
o 
~... 
0 


TUH/5518-6 
Bottom View 


Order Number LM185H·1.2, 
LM185H·1.2/883, LM185BXH·1.2, 
LM185BYH·1.2/883, LM285H·1.2, 
LM285BXH·1.2 or LM285BYH·1.2 
See NS Package Number H02A 


Connection 
Diagrams 


TO·92 
Plastic Package (Z) 


Bottom View 


Order Number LM285Z·1.2, 
LM285AZ·1.2, LM285AXZ·1.2, 
LM285AYZ·1.2, LM285BXZ·1.2, 


LM285BYZ·1.2, LM385Z·1.2, 
LM385AZ·1.2, LM385AXZ·1.2, 
LM385AYZ-1.2, LM385BZ-1.2, 


LM385BXZ·1.2 or LM385BYZ·1.2 
See NS Package Number Z03A 


SO Package 
Alternate Pinout 


Order Number LM385SM·1.2, 
LM385ASM·1.2 or LM385BSM·1.2 
See NS Package Number M08A 


TUH/5518-9 


Order Number LM285M·1.2, 


LM285AM·1.2, LM285AXM·1.2, 
LM285AYM·1.2, LM285BXM·1.2, 


LM285BYM·1.2, LM385M-1.2, 
LM385AM·1.2, LM385AXM·1.2, 
LM385AYM·1.2, LM385BM·1.2, 


LM385BXM·1.2 or LM385BYM·1.2 
See NS Package Number M08A 


Typical Application 


Wide Input 
Range Reference 


VIN· 
Z.3V TO JOy 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified devices are required, 
Storage 
Temperature 
- 55'C to + 150'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
Soldering 
Information 
Office/Distributors for availability and specifications. 
(Note 2) 
TO-92 
package: 
10 sec. 
260'C 


TO-46 
package: 
10 sec. 
300'C 
Reverse 
Current 
30mA 
SO package: 
Vapor phase (60 sec.) 
215'C 
Forward 
Current 
10mA 
Infrared 
(1 5 sec.) 
220'C 


Operating 
Temperature 
Range (Note 3) 
See AN-450 
"Surface 
Mounting 
Methods 
and Their 
Effect 


LM185-1.2 
- 55'C to + 125'C 
on Product 
Reliability" 
for other 
methods 
of soldering 
sur- 


LM285-1.2 
-40'Cto 
+ 85'C 
face 
mount 
devices. 


LM385-1.2 
O'Ct070'C 


Electrical Characteristics 
(Note 4) 


LM285A-1.2 
, 
LM385A-1.2 
LM285AX-1.2 
LM385AX-1.2 
LM285AY-1.2 
LM385AY-1.2 
Units 
Parameter 
Conditions 
(Limit) 
Tested 
Design 
Tested 
Design 
Typ 
limit 
Limit 
Typ 
Limit 
Limit 
(Notes 5, 8) 
(Note 6) 
(Note 5) 
(Note 6) 


Reverse 
Breakdown 
IR = 100/LA 
U!35 
1.231 
1.235 
1.231 
V(Min) 


Voltage 
1.239 
1.239 
V(Max) 


1.230 
1.220 
1.235 
1.225 
V(Min) 
, 
1.245 
1.245 
V(Max) 


Minimum 
Operating 
7 
8 
10 
7 
8 
10 
/LA 


Current 
(Max) 


Reverse 
Breakdown 
1MIN ,;; IR ,;; 1 mA 
1 
1.5 
1 
1.5 
mV 


Voltage 
Change 
with 
(Max) 


Current 
1 mA ,;; IR ,;; 20 mA 
10 
20 
10 
20 
mV 


(Max) 


Reverse 
Dynamic 
IR = 100 /LA. f = 20 Hz 
0.2 
0.6 
0.2 
0.6 
n 


Impedance 
1.5 
1.5 
(Max) 


Wideband 
Noise (rms) 
IR = 100/LA. 
60 
60 
/LV 
10Hz';; 
f,;; 
10kHz 


Long Term Stability 
'R = 100 /LA. T = 1000 Hr. 
20 
20 
ppm 
TA = 25'C 
±0.1'C 


Average 
Temperature 
IMIN ,;; IR ,;; 20 mA 


Coefficient 
(Note 7) 
X Suffix 
30 
30 
ppml'C 


Y Suffix 
50 
50 
(Max) 


All Others 
150 
150 


Electrical Characteristics 
(Continued) 
(Note 4) 
,.~~~'-, .~" 
,\ 
- 


LM185-1.2 
LM185BX-1.2 
LM385B-1.2 
LM185BY-1.2 
LM385BX-1.2 
LM385-1.2 
LM285-1.2 
LM385BY-1.2 
Units 
Parameter 
Conditions 
Typ 
LM285BX-1.2 
(Limit) 
LM285BY-1.2 


Tested 
Design 
Tested 
Design 
Tested 
Design 


Limit 
Limit 
Limit 
Limit 
Limit 
Limit 


(Notes 
5, 8) 
(Note 
6) 
(Note 
5) 
(Note 
6) 
(Note 
5) 
(Note 
6) 


Reverse 
Breakdown 
TA = 25'C, 
1.235 
1.223 
1.223 
1.205 
V(Min) 
Voltage 
10 ",A';; 
IR ,;; 20 mA 
1.247 
1.247 
1.260 
V(Max) 


Minimum 
Operating 
8 
10 
20 
15 
20 
15 
20 
",A 
Current 
(Max) 


Reverse 
Breakdown 
10 ",A ,;; IR ,;; 1 mA 
1 
1.5 
1 
1.5 
1 
1.5 
mV 
Voltage 
Change 
with 
(Max) 
Current 
1 mA ,;; IR ,;; 20 mA 
10 
20 
20 
25 
20 
25 
mV 
(Max) 


Reverse 
Dynamic 
IR = 100 ",A, f = 20 Hz 
1 
n 
Impedance 


Wideband 
Noise (rms) 
IR = 100 ",A, 
60 
",V 
10Hz,;; 
f,;; 
10kHz 


Long Term Stability 
IR = 100 ",A, T = 1000 Hr, 
20 
ppm 
TA = 25'C 
±0.1'C 


Average 
Temperature 
IR = 100 ",A 


Coefficient 
(Note 7) 
X Suffix 
It 
30 
30 
ppm/'C 


Y Suffix 
50 
50 
ppm/'C 


All Others 
150 
150 
150 
ppm/'C 
(Max) 


Note 1: Absolute 
Maximum Ratings indtclite limits beyond which damage to the device may oocur. Operating 
Ratings indicate conditions 
for which the device is 
intended 
to be functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical 
Characteristics. 


The guaranteed 
specifications 
apply only for the test conditions 
listed. 


Note 2: Refer to RETSI85H-1.2fO( military specifications. 


Note 3: For elevated temperature 
operation, 
Tj max is: 


LM185 
150"C 


LM285 
125'C 


LM385 
100"C 


Thermel 
Resistance 
To-92 
T0-46 
so-a 


8JA (junction to ambient) 
180"C/W(0.4' leads) 
440"C/W 
165'C/W 
f 70"C/W(0.125' leads) 


9JC Gunction to case) 
N/A 
80"C/W 
N/A 


Note 4: Parameters 
identifl8d with boldface 
type 
apply at temperature 
extremes. All other numbers apply at TA ~ TJ ~ 25·C. 


Note 5: Guaranteed 
and 100% production 
tested. 


Note 6: Guaranteed, 
but not 100% production 
tested. These limits are not used to calculate 
average outgoing quality lavels. 


Not. 7: The average temperature 
coeffJCient is defined 8S the maximum deviation of reference voltage at all measured temperatures 
between the operating TMAX 
and TMIN' divided by TMAX - 
TMIN. The measured temperatures 
are -55'C, 
-40"C, O"C,25'C, 70"C,85'C, 125·C. 


Note 8: A military RETS electrical 
specification 
is available on request. 


Temperature Drift of 3 
Representative 
Units 
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Filtered Output Noise 
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Mlcropower 
Reference 
from 9V Battery 
t 


9 


V 


"Ill 


uv 


':" 
lM385-1.2 


Reference 
from 
1.5V Battery 


1.5V 


~ 


. 


1.2V 


'=" lM385-1.2 


Callbrallon 


1. Short LM385-1.2. 
adjust R3 for IOUT~temp 
at 1 "ArK 


2. Remove short. adjust R2 for correct reading in centigrade 


tlo 
at 1.3V'" 
5OO,.A 


10 at 1.6V '" 
2.4 mA 


Calibration 


1. Short LM385-1.2. 
adjust R3 for IOUT~ temp at 1.8 "ArK 


2. Remove short, adjust R2 for correct reading in OF 


METER THERMOMETERS 


Lower Power Thermometer 


• 2N3638 or 2N2907 select for inverse HFE lOll 5 


t Select for operation 
at 1.3V 


~ 10 •• 600 "A to 900 "A 


Mlcropower Thermocouple 
Cold Junction Compensator 


1/+ 


MERCURY + 
CELL 
1.345V 


'-' 
COLO JUNCTION 
ISOTHERMAL 
WITH LMJJ4 


Adjustment 
Procedure 


1. Adjust TC ADJ pot until voltage 
across 
R1 equals 
Ketvin temperature 


multiplied by the thermocouple 
Seebeck coefficient. 


2. Adjust zero ADJ pot until voltage 
across 
R2 equals the thermocouple 
Seebeck 
coefficient 
multiplied by 273.2. 


Thermocouple 
Seebeck 
R1 
R2 
Type 
Coefficient 
(0) 
(0) 
("VrC) 


Voltage 
AcroasR1 


@25"C 
(mV) 
15.60 
12.77 
12.17 
1.908 


1.24k 
1k 
9530 
1500 


Voltage 
AcrouR2 
(mY) 


14.32 
11.78 
11.17 
1.766 
• 


Calibration 


1. Adjust R1 so that Vl 
~ temp atl 
mV/'K 


2. Adjust V2 to 273.2 mV 


t10 for 1.3V to 1.6V battery volt- 
age ~ 50 /LA to 150 /LA 


Tl/H/5518-12 
Order 
Number 
LM185E-1.2/883 
See NS Package 
Number 
E20A 


t!JNational 
Semiconductor 


LM 185-2.5/LM285-2.5/LM385-2.5 
Micropower 


Voltage Reference 
Diode 


General Description 


The 
LM185-2.5/LM285-2.5/LM385-2.5 
are 
micropower 
2- 


terminal 
band-gap 
voltage 
regulator 
diodes. 
Operating 
over 


a 20 /LA to 20 mA current 
range, they feature 
exceptionally 


low dynamic 
impedance 
and good temperature 
stability. 
On- 


chip 
trimming 
is used 
to 
provide 
tight 
voltage 
tolerance. 


Since the LM-185-2.5 
band-gap 
reference 
uses only transis- 


tors 
and 
resistors, 
low noise 
~nd 
good 
long 
term 
stability 


result. 


Careful 
design 
of the 
LM185-2.5 
has made 
the device 
ex- 


ceptionally 
tolerant 
of capacitive 
loading, 
making 
it easy to 


use in almost 
any reference 
application. 
The wide dynamic 


operating 
range 
allows 
its use with widely 
varying 
supplies 


with excellent 
regulation. 


The extremely 
low power 
drain 
of the LM185-2.5 
makes 
it 


useful 
for micropower 
circuitry. 
This voltage 
reference 
can 


be used to make portable 
meters, 
regulators 
or general 
pur- 


pose analog 
circuitry 
with battery 
life appro~ching 
shelf 
life. 


Further, 
the wide operating 
current 
allows 
it to replace 
older 


references 
with a tighter 
tolerance 
part. For applications 
re- 


quiring 
1.2V see LM185-1.2. 


The 
LM185-2.5 
is rated 
for 
operation 
over 
a 
-55'C 
to 


125'C 
temperature 
range 
while 
the 
LM285-2.5 
is 
rated 


-40'C 
to 85'C 
and the LM385-2.5 
O'C to 70'C. The LM185- 


2.5/LM285-2.5 
are available 
in a hermetic 
TO-46 
package 


and the LM285-2.5/LM385-2.5 
are also 
available 
in a low- 


cost TO-92 
molded 
package, 
as well as 5.0. 
The LM185-25 


is also available 
in a hermetic 
leadless 
chip carrier 
package. 


Features 


• 
±20 
mV (±0.8%) 
max. initial tolerance 
(A grade) 


• 
Operating 
current 
of 20 /LA to 20 mA 


• 
0.60. dynamic 
impedance 
(A grade) 


• 
Low temperature 
coefficient 


• 
Low voltage 
reference-2.5V 


• 
1.2V 
device 
and 
adjustable 
device 
also 
available- 


LM185-1.2 
series 
and LM185 
series, 
respectively 


Connection 
Diagrams 


TO-92 
Plastic 
Package 


Bottom 
View 


Order 
Number 
LM285Z·2.5, 
LM285AZ-2.5, 
LM285AXZ-2.5, 
LM285A YZ-2.5, 
LM285BXZ-2.5, 
LM285BYZ-2.5, 
LM385Z-2.5, 
LM385AZ-2.5, 


LM385AXZ-2.5, 
LM385A YZ-2.5, 
LM385BZ-2.5, 
LM385BXZ-2.5 


or LM385BYZ-2.5 


See NS Package 
Number 
Z03A 


Mlcropower 
Reference 
from 
9V Battery 
f 


9V 
200k 


2.SV 


";' 
lM38S·2.S 


TO-46 
Metal 
Can Package8 


Bottom 
VIew 
Order 
Number 
LM185H-2.5, 
LM185H-2.5/883 
LM185BXH-2.5, 
LM185BXH-2.5/883, 
LM185BYH-2.5, 
LM185BYH2.5/883, 
LM285H-2.5, 
LM285BXH-2.5 
or LM285BYH-2.5 
See NS Package 
Number 
H02A 


Tl/H/5519-11 


Order 
Number 
LM285M-2.5, 


LM285AM-2.5, 
LM285AXM-2.5, 


LM285A YM·2.5, 
LM285BXM-2.5, 


LM285BYM·2.5, 
LM385M-2.5, 


LM385AM·2.5, 
LM385AXM-2.5, 


LM385A YM-2.5, 
LM385BM-2.5, 


LM385BXM-2.5 
or LM385BYM·2.5 


See NS Package 
Number 
M08A 


• 


UTTlCe/UIStriDUtors 
Tor avanaDlllty 
ana speCITICatlOns. 


(Note 
2) 


Reverse 
Current 


Forward 
Current 


Operating 
Temperature 
Range 
(Note 3) 


LM185-2.5 
LM285-2.5 
LM385-2.5 


TO-92 
Package 
(10 sec.) 


'TO-46 Package 
(10 sec.) 
SO Package 
Vapor Phase (60 sec.) 
215·C 


Infrared 
(15 sec.) 
220·C 


See AN-450 
"Surface 
Mounting 
Methods 
and Their 
Effect 


on Product 
Reliability" 
for other 
methods 
of soldering 
sur- 


face mount 
devices. 


260·C 
300·C 


30mA 


10mA 


- 55·C to + 125·C 


-40·C 
to + 85·C 
0·Ct070·C 


LM285A-2.5 
LM385A-2.5 


LM285AX-2.5 
LM385AX-2.5 


LM285AY-2.5 
LM385AY-2.5 
Units 
Parameter 
Conditions 
- 
Typ 
(Limits) 
Tested 
Design 
Tested 
Design 


Limit 
Limit 
Limit 
Limit 


(Notes 
5, 8) 
(Note 6) 
(NoteS) 
(Note 6) 


Reverse 
Breakdown 
IR = 100I-'A 
2.500 
2.480 
2.480 
V(Min) 


Voltage 
2.520 
2.520 
V(Max) 


2.500 
2.460 
2.470 
V(Min) 


2.535 
2.530 
V(Max) 


Minimum 
Operating 
12 
18 
20 
18 
20 
I-'A 
Current 
(Max) 


Reverse 
Breakdown 
IMIN';; 
JR';; 1mA 
1 
1.5 
1 
1.5 
mV 


Voltage 
Change 
with 
(Max) 


Current 
1 mA ,;; IR ,;; 20 mA 
10 
20 
10 
20 
mV 


(Max) 


Reverse 
Dynamic 
IR = 100 I-'A, 
0.2 
0.6 
0.6 
n 
Impedance 
f = 20 Hz 
1.5 
1.5 


Wideband 
Noise (rms) 
IR = 1OOl-'A 
120 
I-'V 
10Hz,;; 
f ,;; 10kHz 


Long Term Stability 
IR = 100 I-'A, 
T = 1000 Hr, 
20 
ppm 
TA = 25·C 
±0.1·C 


Average 
Temperature 
IMIN ,;; IR ,;; 20 mA 


Coefficient 
(Note 7) 
X Suffix 
30 
30 
~ 
ppml"C 


Y Suffix 
50 
50 
(Max) 


All Others 
150 
150 


Electrical Characteristics 
(Continued) 
(Note 4) 


LM185-2.5 
D 


LM185BX-2.5 
LM385B-2.5 
LM185BY·2.5 
LM385BX-2.5 
LM385-2.5 
Units 
LM285-2.5 
LM385BY-2.5 
(Limit) 
Parameter 
Conditions 
Typ 
LM285BX-2.5 


LM285BY·2.5 


Tested 
Design 
Tested 
Design 
Tested 
Design 


Limit 
Limit 
Limit 
Limit 
limit 
limit 


(Notes 
5, 8) 
(Note 
6) 
(Note 
5) 
(Note 
6) 
(Note 
5) 
(Note 
6) 


Reverse 
Breakdown 
TA = 25°C, 
2.5 
2.462 
2.462 
2.425 
V(Min) 


Voltage 
20/LA 
s; IR s; 20 mA 
2.538 
2.538 
2.575 
V(Max) 


Minimum 
Operating 
13 
20 
30 
20 
30 
20 
30 
/LA 


Current 
(Max) 


Reverse 
Breakdown 
20 /LA s; IR s; 1 mA 
1 
1.5 
2.0 
2.5 
2.0 
2.5 
mV 


Voltage 
Change 
with 
(Max) 


Current 
1 mA s; IR s; 20 mA 
10 
20 
20 
25 
20 
25 
mV 


(Max) 


Reverse 
Dynamic 
IR = 100 /LA, 
1 
n 


Impedance 
f = 20Hz 


Wideband 
Noise (rms) 
IR = 100/LA, 
120 
/LV 
10Hz 
s; f s; 10kHz 


Long Term Stability 
IR = 100 /LA, 
T = 1000Hr, 
20 
ppm 


TA = 25°C ±OYC 


Average 
Temperature 
IR = 100 /LA 


Coefficient 
(Note 7) 
X Suffix 
30 
30 
ppmrc 


Y Suffix 
50 
50 
ppmrc 


AIiOthers 
150 
150 
150 
ppmrc 


(Max) 


Note 
1: Absolute 
Maximum 
Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 


intended 
to be functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 


The guaranteedspecificationsapplyonlyfor the test conditionslisted. 
Hot. 2: Referto RETS18SH-2.Sfor militaryspecijications. 


Note 3: For elevated 
temperature 
operation, 
TJ MAX is: 
LM18S 
15O"C 
LM28S 
12SoC 


LM38S 
100"C 


Thennat A•••• tllnce 
To-92 
TC>-46 
so-a 


8;0 (Junctionto Ambient) 
1fJ(J"C/W (0.4' Leads) 
44O"C/W 
16S·C/W 
170'C/W 
(0.12S· Leads) 


8;0 (Junctionto Case) 
N/A 
80'C/W 
N/A 


Note 4: Parameters 
identified with boldface 
type 
apply at temperature 
extremes. 
All other numbers apply at TA = TJ = 25°C. 
Hot. 5: Guaranteedand 100% productiontested. 


Note 8: Guaranteed, 
but not 100% production 
tested. These limits are not used to calculate 
average outgoing Quality levels. 


Note 7: The average temperature 
coefficient 
is defined as the maximum deviation of reference 
voltage at all measured temperatures 
between the operating TMAX 


and TMIN. dividedby TMAX- TMIN. The measuredtemperaturesare - SS·C.- 40'C, O'C,2S·C,70'C, 8S·C,12S·C. 
Note .: A militaryRETSelectricalspecificationavailableon request. 
• 
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TUH/5519-14 
Order Number LM185E-2.5/883 
See NS Package Number E20A 


Reverse Dynamic 
Impedance 


~ 
111 
~! 100 
i 


u 
" 
~ 


fA -zsoe 
IR-1DD/lA 


,/' 


/~ 


/' V 


'J 
10 
100 
•• 
1011 
1I0Il 
1M 


FREQUENCY 
(HI') 


A 
I 


I 
OU~T 
- ~f 
-- = 
I,,"' 
- 


I INPUT 


,.. 
~ 
Qi 
1.a 


Precision 
1 p.A to 1 mA Current 
Sources 


LM315·2.5 


e-tIon 


1. Short LM385-2.5, adjust R3 for lOUT-temp 
at l,.A/"K 


2. Remove short, adjust R2 for correct reading in centigrade 


Mlcropower' 
10V Reference 


IQ- VIN '15V 


Callbnllon 


1. Short LM385-2.5, adjust R3 for IOUT~temp 
at 1.8 ,..A/"K 


2. Remove short, adjust R2 for correct reading in OF 
• 


'-' 
COLD JUNCTION 


ISOTHERMAL 
WITH 
lMJ34 


TlIH/5519-6 


Seebeck 
Voltage 
Voltage 
Thermocouple 
Co- 
R1 
R2 
AcrossR1 
AcrossR2 
Type 
efficIent 
(0) 
(0) 
@25'C 
(mY) 
(I"V/,C) 
(mV) 
J 
52.3 
523 
1.24k 
15.60 
14.32 
T 
42.8 
432 
1k 
12.77 
11.78 
K 
40.8 
412 
9530 
12.17 
11.17 
S 
6.4 
63.4 
1500 
1.908 
1.766 


Typical supply current 50 I"A 


Adlusment 
ProcecIure 


1. Adjust TC ADJ pot until voltage 
aerosa R1 equals 
Kelvin temperature 
multiplied 
by the thermocouple 
Seebeck coefficient. 


2. Adjust 
zero ADJ pot until voltage 
aerosa R2 equals 
the themIocoupIe 
Seebeck coefficient 
multiplied 
by 273.2. 


Improving 
Regulation 
of Adjustable 
Regulators 


t!JNational 
Semiconductor 


General Description 
The LM199 series are precision, temperature-stabilized 
monolithic zeners offering temperature coefficients a factor 
of ten better than high quality reference zeners. Construct- 
ed on a single monolithic chip is a temperature stabilizer 
circuit and an active reference zener. The active circuitry 
reduces the dynamic impedance of the zener to about 0.50 
and allows the zener to operate over 0.5 mA to 10 mA cur- 
rent range with essentially no change in voltage or tempera- 
ture coefficient. Further, a new subsurface zener structure 
gives low noise and excellent long term stability compared 
to ordinary monolithic zeners. The package is supplied with 
a thermal shield to minimize heater power and improve tem- 
perature regulation. 


The LM199 series references are exceptionally easy to use 
and free of the problems that are often experienced with 
ordinary zeners. There is virtually no hysteresis in reference 
voltage with temperature cycling. Also, the LM199 is free of 
voltage shifts due to stress on the leads. Finally, since the 
unit is temperature stabilized, warm up time is fast. 


The LM199 can be used in almost any application in place 
of ordinary zeners with improved performance. Some ideal 
applications are analog to digital converters, calibration 
standards, precision voltage or current sources or precision 
power supplies. Further in many cases the LM199 can re- 
place references in existing equipment with a minimum of 
wiring changes. 


Top View 


LM199/LM299/LM399 
(See Table on fourth page) 
NS Package Number H04D 


~Q 


Bottom View 


LM3999 (see Table on fourth page) 
NS Package Number Z03A 


The LM199 series devices are packaged in a standard her· 
metic TO-46 package inside a thermal shield. The LM199 is 
rated for operation from - 55°Cto + 125°Cwhile the LM299 
is rated for operation from - 25°C to + 65°C and the LM399 
is rated from O°Cto + 70°C. 


The LM3999 is packaged in a standard TO-92 package and 
is rated from O°Cto + 700C 


Features 
• 
Guaranteed 0.0001%rC temperature coefficient 
• 
Low dynamic impedance - 
0.50 
• 
Initial tolerance on breakdown voltage - 
2% 
• 
Sharp breakdown at 400 ,...A 
• 
Wide operating current - 
500 ,...Ato 10 mA 
• 
Wide supply range for temperature stabilizer 
• 
Guaranteed low noise 
• 
Low power for stabilization - 
300 mW at 25°C 
• 
Long term stability - 
20 ppm 
• 
Proven reliability, low-stress packaging in TO-46 inte- 
grated-circuit hermetic package, for low hysteresis after 
thermal cycling. 33 million hours MTBF at TA = + 25°C 
(TJ = +66°C) 
• 
Certified long term stability available 
• 
MIL-STD-863 compliant 


Functional Block Diagrams 


LM199/LM299/LM399 
• 


Absolute 
Maximum Ratings 
Specifications 
for Military/Aerospace 
products 
are not 
Reference to Substrate Voltage V(RS)(Note 1) 
40V 
contained in this datasheet. Refer to the following 
Rell- 
-0.1V 
ability 
Electrical 
Test 
Specifications 
documents: 
Operating Temperature Range 
RETS199X for LM199, RETS199AX for LM199A. 
LM199 
-55'C 
to + 125'C 
Temperature Stabilizer Voltage 
LM299 
- 25'C to + 85'C 
LM199/LM299/LM399 
40V 
LM399/LM3999 
-O'C to + 70'C 
LM3999 
36V 
Storage Temperature Range 
- 55'C to + 1500C 
Reverse Breakdown Current 
20mA 
Soldering Information 
Forward Current 
TO-92 package (10 sec.) 
+ 2600C 
LM199/LM299/LM399 
1 mA 
TO-46 package (10 sec.) 
+300'C 
LM3999 
-0.1 mA 


Electrical Characteristics 
(Notes 2, 5) 


Parameter 
Conditions 
LM199H/LM299H 
LM399H 
Units 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Reverse Breakdown Voltage 
0.5mA';; 
IR';; 10mA 
6.B 
6.95 
7.1 
6.6 
6.95 
7.3 
V 


Reverse Breakdown Voltage 
0.5 mA ,;; IR ,;; 10 mA 
6 
9 
6 
12 
mV 
Change with Current 


Reverse Dynamic Impedance 
IR = 1 mA 
0.5 
1 
0.5 
1.5 
n 


Reverse Breakdown 
-55'C,;;TA,;;+85'C 
} 
LM199 
0.00003 
0.0001 
%fOC 


Temperature Coefficient 
+ 85'C,;;TA';; + 125'C 
0.0005 
0.0015 
%fOC 


-25'C';; TA';;85'C 
LM299 
0.00003 
0.0001 
%fOC 
O'C,;;TA';; + 70'C 
LM399 
0.00003 
0.0002 
%fOC 


RMSNoise 
10Hz';; f,;; 10kHz 
7 
20 
7 
50 
".V 


Long Term Stability 
Stabilized, 22"C';;TA';;2B'C, 
20 
20 
ppm 
1000 Hours, IR= 1 mA±0.1 % 


Temperature Stabilizer 
TA= 25'C, Still Air, VS= 30V 
8.5 
14 
8.5 
15 
mA 
Supply Current 
TA =- 
55'C 
22 
28 


Temperature Stabilizer 
9 
40 
9 
40 
V 
Supply Voltage 


Warm-Up Time to 0.05% 
Vs = 30V, TA = 25'C 
3 
3 
sec. 


Initial Turn-on Current 
9,;;VS';;40, TA= + 25'C, (Note 3) 
140 
200 
140 
200 
mA 


Electrical Characteristics 
(Note 2) 


LM3999Z 
Parameter 
Conditions 
Units 
Mln 
Typ 
Max 


Reverse Breakdown Voltage 
0.6mA';; 
IR';; 10mA 
6.6 
6.95 
7.3 
V 


Reverse Breakdown Voltage 
0.6mA';; 
IR';; 10mA 
6 
20 
mV 
Change with Current 


Reverse Dynamic Impedance 
IR = 1 mA 
0.6 
2.2 
n 


Reverse Breakdown 
O'C ,;; TA ,;; 70'C 
0.0002 
0.0005 
%fOC 
Temperature Coefficient 


RMS Noise 
10Hz,;; f,;; 10kHz 
7 
".V 


Long Term Stability 
Stabilized, 22"C ,;; TA ,;; 2B'C, 
20 
1000 Hours,lR = 1 mA ±0.1 % 
ppm 


Temperature Stabilizer 
TA = 25'C, Still Air, Vs = 30V 
12 
18 
mA 


Temperature Stabilizer 
36 
V 
Supply Voltage 


Warm-Up Time to 0.05% 
Vs = 30V, TA = 25'C 
5 
sec. 


Initial Turn-On Current 
9,;; Vs ,;; 40, TA = 25'C 
140 
200 
mA 


Electrical Characteristics 
(Notes 
2, 5) 


Parameter 
Conditions 
LM199AH. 
LM299AH 
LM399AH 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Reverse 
Breakdown 
Voltage 
0.5 mA :5:IR :5: 10 mA 
6.8 
6.95 
7.1 
6.6 
6.95 
7.3 
V 


Reverse 
Breakdown 
Voltage 
0.5 mA :5:IR :5:10 mA 
6 
9 
6 
12 
mV 
Change 
with Current 
. 


Reverse 
Dynamic 
Impedance 
IR = 
1 mA 
0.5 
1 
0.5 
1.5 
n 


Reverse 
Breakdown 
-55'C:5:TA:5:+85'C} 
LM199A 
0.00002 
0.00005 
%rC 


Temperature 
Coefficient 
+ 85'C:5:TA:5: + 125'C 
0.0005 
0.0010 
%rC 


-25'C:5:TA:5:85'C 
LM299A 
0.00002 
0.00005 
%rC 


O'C:5:TA:5: + 70'C 
LM399A 
0.00003 
0.0001 
%rC 


RMSNoise 
10Hz:5: 
f:5: 10kHz 
7 
20 
7 
50 
",V 


Long Term Stability 
Stabilized,22"C:5:TA:5:28'C, 


20 
20 
ppm 
1000 Hours, IR= 1 mA±0.1 
% 


Temperature 
Stabilizer 
TA=25'C, 
Still Air, Vs=30V 
8.5 
14 
8.5 
15 
mA 
Supply Current 
TA = - 
55'C 
22 
28 


Temperature 
Stabilizer 
9 
40 
9 
40 
V 
Supply Voltage 
. 


Warm-Up 
Time to 0.05% 
Vs = 30V, TA = 25'C 
3 
3 
sec. 


Initial Turn-on 
Current 
9:5:Vs:5:40, TA= 
+ 25'C. 
{Note 3) 
140 
200 
140 
200 
mA 


Electrical Characteristics 
(Notes 2, 5) 


Parameter 
Conditions 
LM199AH-20. 
LM299AH-20 
LM399AH-50 


Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Reverse 
Breakdown 
Voltage 
0.5 mA:5:IR:5:10 mA 
6.8 
6.95 
7.1 
6.6 
6.95 
7.3 
V 


Reverse 
Breakdown 
Voltage 
0.5 mA:5:IR:5:10 mA 
6 
9 
6 
12 
mV 
Change 
With Current 


Reverse 
Dynamic 
Impedance 
IR = 
1 mA 
0.5 
1 
0.5 
1.5 
n 


Reverse 
Breakdown 
-55'C:5:TA:5:85' 
} 
LM199A 
0.00002 
0.00005 
%rC 
Temperature 
Coefficient 
85'C:5:TA:5:125'C 
0.0005 
0.0010 
%rC 


-25'C:5:TA:5:85'C 
LM299A 
0.00002 
0.00005 
%rC 


O'C:5:TA:5:70"C 
LM399A 
0.00003 
0.0001 
%rC 


RMSNoise 
10 HZ:5:f:5:10 kHz 
7 
20 
7 
50 
",V 


Long Term Stability 
Stabilized, 
22"C:5: TA:5:28'C, 


8 
20 
9 
50 
ppm 
1000Hours,IR=1 
mA±0.1% 


Temperature 
Stabilizer 
TA = 25'C, 
Still Air, Vs = 30V 
8.5 
14 
8.5 
15 


mA 
Supply Current 
TA=55'C 
22 
28 


Temperature 
Stabilizer 
9 
40 
9 
40 
V 
Supply Voltage 


Warm-Up 
Time to 0.05% 
Vs=30V, 
TA = 25'C 
3 
3 
s 


Initial Turn-on 
Current 
9:5:Vs:5:40, TA = 25'C, 
{Note 3) 
140 
200 
140 
200 
mA 


Note 1: The substrateis electricallyconnectedto the negativeterminalof the temperaturestabilizer.The voltagethat can be appliedto enherterminalof the 
reference 
is 40V more positive or 0.1 V more negative 
than the substrate. 


Note 2: Thesespecificationsapplyfor 30Vappliedto thetemperaturestabilizerand -55'C<:TA<: + 125'Cfor the LM199;-25'C<:TA<: +85'C for the LM299and 
O"C<:TA<:+70"Cfor the LM399and LM3999. 


Note 
3: This initial current 
can be reduced by adding an appropriate 
resistor and capacitor 
to the heater 
circuit. See the performance 
characteristic 
graphs 
to 
determine 
values. 


Note 4: Do not washthe LM199with ns polysulfonethermalshieldin TCE. 


Note 5: A milMry RETSelectricaltest specifocationis availablefor the LM199H/883,LM199AH/883,and LM199AH·20/883on request 
• 


Ordering Information 


Initial 
O"Cto +70"C 
- 2SoCto + 8SoC 
-SsoC to + 125"C 
NS 
Tolerance 
PKkage 


2% 
lM299AH 
lM199AH,lM199AH/883 
H04D 


5% 
lM399H 
lM299H 
lM199H,lM199H/883 
H04D 
lM399AH 


5% 
lM3999Z 
~ 
Z03A 


Guaranteed long 
lM399AH-50 
lM299AH-20 
lM199AH-20,lM199AH-20/883 
H04D 
Term Stability 


Certified Long Term Drift 
The National Semiconductor lM199AH-20, 
lM299AH-20, 
that the deviation of anyone group will not cause false indi- 
and lM399AH-50 are ultra-stable Zener references special- 
cations. Indeed, this comparison process has recently been 
Iy 
selected 
from 
the 
production 
runs 
of 
lM199AH, 
automated using a specially prepared computer program 


lM299AH, lM399AH and tested to confirm a long-term sta- 
which is custom-designed to reject noisy data (and require a 
bility of 20,20, or 50 ppm per 1000 hours, respectively. The 
repeat reading) and to record the average of the best S of 7 
devices are measured every 168 hours and the voltage of 
readings, just as a sagacious standards engineer will reject 
each device is logged and compared in such a way as to 
unbelievable readings. 
show the deviation from its initial value. Each measurement 
The typical characteristic for the lM199AH-20 is shown be- 


is taken with a probable-worst-case deviation of ± 2 ppm, 
low. This computerized print-out form of each reference's 
compared to the Reference Voltage, which is derived from 
stability is shipped with the unit. 


several 
groups 
of 
NS8-traceable 
references 
such 
as 


lM199AH-20's, 
1N827's, and saturated standard cells, so 


Typical Characteristics 


National semiconductor 
Certified Long Term Drift 
12£1 


HI'S 
Drift 
lM199AH-20 
0 
Part #6849 
80 


R 
188 
-20 
I 


336 
-24 
Limite 
F 
40 


504 
-36 
lM199AH-20 
140 ".V 
T 
lM299AH-20 
140 ".V 
vV 
0 
672 
-34 
---- 


840 
-40 
lM399AH-20 
350 ".V 
- 
-40 


1008 
-36 
-813 


Testing Conditione 


Heater Voltage 
30V 
-12£1 


Zener Current 
1 mA 


Ambient Temp. 
25°C 
a 
168 
336 
504 
672 
840 
1008 


HOURS 


TUH/5717 -12 


. 


Response Time 
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Heater Current (To Limit This 


Initial Heater Current 
Surge, See Next Graph) 
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TEMPERATURErc) 


Heater Surge Limit Resistor vs 
Minimum Supply Voltage at 
Various Minimum Temperatures 


100 ,....--r--r-""""-r"-r--r-,......., 


700 1--+-++----1-1--+-+74 


800 I--~±-,+-:-;l-I--+-~-l 


500 


400 


300 


200 


100 


oL-.l...-.I:......l.......l.......J......J...-L.....J 


o 
10 
20 
30 
40 


MINIMUMSUPl'LV VOLTAGE(V) 
TL/H/5717-2 


-Heater 
must be bypassed 
with a 2 
,...For larger tantalum capacitor 
if re- 
sistors are used. 


TEMPERATURE 
STABILIZER 


69!JV 


Negative Heater Supply with 
Positive Reference 
Buffered Reference 
With Single Supply 


....L-I 
12VTO 
_ 
IIV-- 


'=" ·Clamp will sink 5 mA when input goes more positive than reference 


TUH/5717-5 


III 


TEMPERATURE 
SUIllIlER 


1.95lJ 


General Description 


The lM368-2.5 
is a precision, 
monolithic, 
temperature-com- 
pensated 
voltage 
reference. 
The 
lM368-2.5 
makes 
use of 
thin-film 
technology 
enhanced 
by the 
discrete 
laser 
trim- 
ming 
of resistors 
to achieve 
excellent 
Temperature 
coeffi- 
cient 
(Tempco) 
of VOUT (as low as 11 ppm/"C), 
along with 
tight initial tolerance, 
(as low as 0.02%). 
The trim scheme 
is 
such that individual 
resistors 
are cut open rather than being 
trimmed 
(partially 
cut), to avoid resistor 
drift caused 
by elec- 
tromigration 
in the trimmed 
area. The 
lM368-2.5 
also pro- 
vides 
excellent 
stability 
vs. 
changes 
in input 
voltage 
and 
output 
current. 
The output 
is short circuit 
proof. A trim pin is 
made 
available 
for fine trimming 
of VOUT or for obtaining 
intermediate 
values 
without 
greatly 
affecting 
the Tempco 
of 
the device. 


Features 


• 
400 ,...A operating 
current 


• 
low 
output 
impedance 


• 
Excellent 
line regulation 
(.0001 %/V 
typical) 


• 
Single-supply 
operation 


• 
Externally 
trimmable 


• 
low 
temperature 
coefficient 


• 
Excellent 
initial accuracy 
(0.02% 
typical) 


• 
Best reference 
available 
for low-voltage 
operation 
(Vs = 5V, VREF = 2.500V) 
• 


Metal 
Can Package 
(TO-S) 


Ne 


Order 
Number 
LM368H-2.S 
LM368YH-2.S 
See NS Package 
Number 
H08C 


Top View 
·case connected to v- 


Low 
Voltage 
Reference 


4.5V-38V 
I~+'- 


Absolute Maximum Ratings 
(Note 7) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Soldering 
Information 


please 
contact 
the 
National 
Semiconductor 
sales 
TO-5 (H) Package 
(10 sec.) 
+3000C 


Office/Distributors 
for 
availability 
and 
specifications. 
See AN-450 
"Surface 
Mounting 
Methods 
and Their 
Effect 
Input Voltage 
35V 
on Product 
Reliability" 
(Appendix 
D) for other 
methods 
of 


Power Dissipation 
600mW 
soldering 
surface 
mount 
devices. 


Storage 
Temperature 
Range 
-60·C 
to + 150·C 


Operating 
Temperature 
Range 
O·Cto 
+70·C 


Electrical Characteristics 
(Note 1) 
l- 
" 


LM36S-2.5 


Tested 
Design 
Units 
Parameter 
Conditions 
Typical 
Limit 
Limit 
(Max. unless 


(Note 
2) 
(Note 
3) 
noted) 


Your Error: LM368 
±0.02 
±0.2 
% 


Line Regulation 
5.0V :s;;VIN :s;;30V 
±0.0001 
±0.0005 
%N 


Load Regulation 
(Note 8) 


, 


o mA:s;; ISOURCE :s;;10 mA 
±0.0003 
±0.0025 
%/mA 


Thermal 
Regulation 
T = 20 mS (Note 4) 
±0.005 
±0.02 
%/100mW 


Quiescent 
Current 
350 
550 
/LA 


Change 
of Quiescent 
Current vs. VIN 
5.0V :s;;VIN :s;;30V 
3 
5 
/LAN 


Temperature 
Coefficient 


of Your (see graph): 
LM368Y -2.5 
O·C:s;; TA:S;; 70·C 
±11 
±20 
ppm/"C 
(NoteS) 
LM368-2.5 
O·C:s;; TA:S;; 70·C 
±15 
±30 
ppml"C 


Short Circuit Current 
Your = 0 
30 
70 
100 
mA 


Noise: 
0.1-10 
Hz 
12 
uVp-p 


100 HZ-10 
kHz 
420 
nV/.JHZ 


Your Adjust 
Range 
o :s;;VPINS :s;;Your 
1.9-5.2 
2.2-5.0 
V min. 


Note 1: Unlessotherwisenoted,these specificationsapply:TA ~ 2S'C,4.9V S V,N s 10.SV,0 s ILOADs 0.5 mA,Os CL s 200 pF. 


Note 2: Tested Limits Brs guaranteed 
and 100% tested in production. 


Note 3: Design Limits are guaranteed 
(but not 100% production 
tested) over the indicated temperature 
and supply voltage ranges. These limits are not used to 
calculateoutgoingqualitylevels. 


Note 4: Thermal 
Regulation 
is defined as the change in the output Voltage at a time T after 8 step change in power dissipation 
of 100 mW. 


Note 5: Temperature 
Coefficient 
of VOUT is defined as the worst case detta·VOUT measured at Specified Temperatures 
divided by the total span of the Specified 
Temperature 
Range (Sse graphs). There is no guarantee that the Specified 
Temperatures 
are exactly at the minimum or maximum deviation. 
Note 6: In metalcan (H), 8J-Cis 7S'C/W 
and 8J_Ais 15O'C/W. 
Note 7: AbsoluteMaximumRatingsindicatelimitsbeyondwhichdamageto the devicemayoccur.DCandACelectricalspecificationsdo notapplywhenoperating 
the devicebeyondits RatedOperatingConditions(see Note 1 and Conditions). 


Note 8: Load regulatton 
is measured on the output pin at a point Va· below the base of the package. Regulation 
is measured at constant junction 
temperature, 


using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are covered 
under the specification 
for thermal regulation . 


. 


Typical Performance Characteristics 
(Note 1) 


Quiescent Current vs. Input 
Dropout Voltage vs. 
Output Change vs. 
Voltage and Temperature 
E: 
3 Output Current 
Output Current 
• 
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IlH'IIT VOlTAlIE (VI 
OUTI'UT CUIIllENT (IlIA) 
OUTPUT CURRENT (mA) 


Output Impedance vs. 
Ripple Rejection vs. 
Frequency 
1 Frequency 
100 
'-bJ 
I 
~ 
3, 
1 
;; 
.... 
10 
~ 
~ 
0.1 
I l~ 
I 


(1) LM368 
as 
is. 


~4 
! 
0.01 


1 
2 
(2) with 
0.01 ,.1 Mylar, 
Trim 
to Gnd. 


1 
3 
(3) with 
10n 
in series 
with 
10 ,.1, 
~ 


~ 
~ 
,I , 
4 
VOUT to Gnd. 


0.1 
i1 0.001 
(4) with 
Both. 
~ 
Il 
I~ 
, 
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FREQUENCY(Hz) 
FREQUENCY(Nz) 


Temperature Coefficient: 
Output Noise vs. 
LM368-2.5 (Curve A) 
Frequency 
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TEMPERATURE(·C) 
FREQUENCY(Hz) 


Typical Temperature 
Coefficient 
Calculations: 
TUH/8446-3 


LM368-2.5 
(see 
Curve 
A) 


T.C.-l.7 
mV/(70"x2.5V) 


=9.7 
ppmrc 


Wide Range Trlmmable 
Regulator 
v·Ljgt 


R - 
l1lIn RIm Reliltor 
NetworIt, 


±O.05% 
Matching 
and S ppm Tracking 
(Beckman 
694-3-R-10K-A), 


(Caddock T-914-10K-100-0S) 
or 8lmilar. 


• 


R = Thin Film Resistor 
Network 
0.05% 
Matching and 5 ppm Tracking 


(Beckman 
694-3-R-10K-A), 
(Caddock T-914-10K-100-05) 
or similar. 


II 


General Description 
The LM368 is a precision, monolithic, temperature-compen- 
sated voltage reference. The LM368 makes use of thin-film 
technology enhanced by the discrete laser trimming of re- 
sistors 
to 
achieve 
excellent 
Temperature 
coefficient 
(Tempco) of Your 
(as low as 5ppmrC), 
along with tight 
initial tolerance, (as low as 0.02%). The trim scheme is such 
that individual resistors are cut open rather than being 
trimmed (partially cut), to avoid resistor drift caused by elec- 
tromigration in the trimmed area. The LM368 also provides 
excellent stability vs. changes in input voltage and output 
current (both sourcing and sinking). This device is available 
in output voltage options of 5.0V and 1O.OVand will operate 
in both series or shunt mode. Also see the LM368-2.5 data 
sheet for a 2.5V output. The devices are short circuit proof 
when sourcing current. A trim pin is made available for fine 
trimming of Your or for obtaining intermediate values with- 
out greatly affecting the Tempco of the device. 


Features 
• 
300 p.A operating current 
• 
Low output impedance 
• 
Excellent line regulation (.0001%/V typical) 
• 
Single-supply operation 
• 
Externally trimmable 
• 
Low temperature coefficient 
• 
Operates in series or shunt mode 
• 
10.0V or 5.0V 
• 
Excellent initial accuracy (0.02% typical) 


Metal Can Package 


Ne 


8 


Order 
Number 
LM368YH-10, 
LM368YH-5.0, 
LM368H-10, 
LM368H-5.0 
See NS Package 
Number 
H08C 


ll11A-l0 
IIlA! 


2 


Absolute Maximum Ratings 
(Note 8) 


Input Voltage 
(Series Mode) 
35V 
Soldering 
Information 


Reverse 
Current 
(Shunt 
Mode) 
50mA 
TO-5 (H) Package, 
10 sec. 
+300'C 


Power Dissipation 
600mW 
See AN-450 
"Surface 
Mounting 
Methods 
and Their 
Effect 


Storage 
Temperature 
Range 
- 60'C to + 150'C 
on Product 
Reliability" 
(Appendix 
D) for other 
methods 
of 


Operating 
Temperature 
Range 
soldering 
surface 
mount 
devices. 


LM368 
O'Cto 
+70'C 


Electrical Characteristics 
(Note 1) 


. 
LM368 


Tested 
Design 
Units 
Parameter 
Conditions 
Typical 
Limit 
Limit 
(Max. unless 


(Note 
2) 
(Note 3) 
noted) 


VOUT Error 
±0.02 
±0.1 
% 


Line Regulation 
(YOUT + 3V) ,;; VIN ,;; 30V 
±0.0001 
±0.0005 
%N 


Load Regulation 
o mA,;; 
ISOURCE ,;; 10 mA 
±0.0003 
±0.001 
%/mA 


(Note 4) 
-10 
mA,;; 
ISINK ,;; 0 mA 
±0.003 
±0.008 
%/mA 


Thermal 
Regulation 
T = 20 mS (Note 5) 
±0.005 
±0.01 
%/100mW 


Quiescent 
Current 
250 
350 
/LA 


Change 
of Quiescent 
Current vs. VIN 
(VOUT +3V) 
,;; VIN ,;; 30V 
3 
5 
/LAN 


Temperature 
Coefficient 


of VOUT (see graph): 
LM368V 
O'C';; 
TA ,;; 70'C 
±11 
±20 
ppm/'C 


(Note 6) 
LM368 
O'C';; 
TA ,;; 70'C 
±15 
±30 
ppm/'C 


Short Circuit Current 
VOUT = 0 
30 
70 
100 
mA 


Noise: 
10.0V: 0.1 - 10Hz 
30 
uVp-p 


100Hz -10 
kHz 
1100 
nV/,fHZ 


6.2V: 0.1 - 10Hz 
20 
uVp-p 


100Hz -10 
kHz 
700 
nV/,fHZ 


5.0V: 0.1 - 10Hz 
16 
uVp-p 


100Hz -10 
kHz 
575 
nV/,fHZ 


VOUT Adjust 
Range: 
10.000V 
OV ,;; VPIN5 ,;; VOUT 
4.5-17.0 
6.0-15.5 
V min. 


5.000V 
4.4-7.0 
4.5-6.0 
Vmin. 


Note 
1: Unless otherwise 
noted, 
these 
specifications 
apply: TA = 2SoC, VIN = 15V, ILOAD = 0,0:5:: 
CL ~ 200 
pF, Circuit is operating 
in Series 
Mode. 
Or, circuit is 
operatingin ShuntModa,V,N = +1SVor V,N = VOUT,TA = +2S"C,ILOAD= -1.0 mA,0 s: CL s: 200 pF. 


Note 
2: Tested 
limits 
are guaranteed 
and 100% 
tested 
in production. 


Note 
3: Design Umits Bfe guaranteed 
(but not 100% 
production 
tested) 
over the indicated 
temperature 
and supply voltage 
ranges. These 
limits are not used to 
calculateoutgoingqualitylevals. 


Note 
4: The LM368 
has a Class B output, and will exhibit transients 
at the crossover 
point 
This point occurs when the device 
is asked to sink approximately 


120 ,.A. In somaapplicationsit maybe advantageousto preloadthe ou1putto eitharV,Nor Ground,to avoidthis crossoverpoint. 


Note 5: ThermalRegulationis definedas the changein the ou1putVoltageat a tima T after a step changein powerdissipationof 100mW. 


Note 8: TemperatureCoefficientof VOUTis definedas the worstcasedelta-VOUTmeasuredat SpeciliedTemperaturesdividedbythe total spanof the Specified 
Temperature 
Range 
(See graphs). 
There 
is no guarantee 
that the Specified 
Temperatures 
are exactly at the minimum or maximum 
deviatton. 


Note 7: In metalcan (H), 8J_Cis 7S'C/W and 8J_Ais 15O"C/W. 


Note 
8: Absolute 
Maximum 
Ratings 
indicate 
limits beyond 
which damage 
to the device 
may occur. DC and AC electrical 
specifications 
do not apply when 
operating 


the devicebeyondits RatedOperatingConditions(see Note 1 and Conditions). 


Typical Performance Characteristics 
(Note 1) 


Quiescent Current vs. Input 
Dropout Voltage vs. Output Current 
Output Change vs. 


Voltage and Temperature 
(Series Mode Sourcing Current) 
Output Current 
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Output Impedance vs. Frequency 
Output Impedance vs. Frequency 
(Sourcing Current) 
Ripple Rejection vs. Frequency 
(Sinking Current) 
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Temperature Coefficient: 
LM368-10 (Curve A) 
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TEMPERATURE1°C) 
Typical Temperature 
Coefficient 
Calculations: 


LM368· 
10 (see Curve 
A) 
TL/H/5522-4 


T.C. -7.7 
mV /(70' 
x 1OV) 


- 11 Xl0E-6~1 
lppml"C 


Output Noise vs. Frequency 


(1) LM368 
alone. 
1600 
I 


(2) with 0.01 ".t Myler, 
Trim to Gnd. 


11200 


I 


(3) with 
100 
in series 
with 
10 ".t, VOUT to Gnd. 


....•.•• ••... 
I 
•...•. 
lDV 


(4) with 
Both. 
!1!Ii 100 " 
~ 
'" 
400 
5V 
co 


0 
lQ 
lOll 
1k 
1• 
.-.cY(Ilz) 


TL/H/5522-5 


Wide Range Trlmmable 
Regulator 


y+ 


~ 


~ 
: 
R1 


YM 


21lt< 
4 


1 mA-1D mAl 


= Y4 LF444A 
or 


Yo LF412A 


A = 
Thin Film Resistor 
Networ1(. 
±O.OS% Malching and Sppm Tracking 
(Beckman 
694-3-R-10K-A), 


(Caddock T·914-10K-l00-oS) 
or similar. 


II 


R = 
Thin Film Resistor 
Network 
0.05% Malching 
and Sppm Tracking 
(Beckman 
694-3-R-l0K-A), 


(caddock 
T-914-10K-l00-oS) 
or similar. 


o 
..••. 
~ f}1National 
Semiconductor 


LM4040 
Precision Micropower Shunt Voltage Reference 


General Description 
Ideal for space critical applications, the LM4040 precision 
voltage reference is available in the sub-miniature (3 mm x 
1.3 mm) SOT-23 surface-mount package. The LM4040's 
advanced design eliminates the need for an external stabi- 
lizing capacitor while ensuring stability with any capacitive 
load, thus making the LM4040 easy to use. Further reducing 
design effort is the availability of several fixed reverse 
breakdown voltages: 2.S00V, 4.096V, S.OOOV,8.192V, and 
10.000V. The minimum operating current increases from 
60 ,..A for the LM4040-2.S to 100 ,..Afor the LM4040-10.0. 
All versions have a maximum operating current of 1S mA. 
The LM4040 utilizes fuse and zener-zap reverse breakdown 
voltage trim during wafer sort to ensure that the prime parts 
have an accuracy of better than ± 0.1% (A grade) at 2SoC. 
Bandgap reference temperature drift curvature correction 
and low dynamic impedance ensure stable reverse break- 
down voltage accuracy over a wide range of operating tem- 
peratures and currents. 
Also available is the LM4041 with two reverse breakdown 
voltage versions: adjustable and 1.2V. Please see the 
LM4041 data sheet. 


Features 
• 
Small packages: SOT-23, TO-92, and SO-8 


• 
No output capacitor required 


• 
Tolerates capacitive loads 
• 
Fixed reverse breakdown voltages of 2.S00V, 4.096V, 
S.OOOV,8.192V, and 10.000V 
• 
Contact National Semiconductor Analog Marketing for 
parts with extended temperature range 


Key Specifications 
(LM4040-2.S) 
• 
Output voltage tolerance (A grade, 2S°C) ± 0.1% (max) 


• 
Low output noise (10 Hz to 10 kHz) 
3S ",Vrms (typ) 


• 
Wide operating current range 
60 ,..A to 1S mA 


• 
Industrial temperature range 
-40°C to +8SoC 


• 
Low temperature coefficient 
100 ppmrC 
(max) 


• 
Contact National Semiconductor Analog Marketing for 
parts with lower temperature coefficient 


Applications 
• 
Portable, Battery-Powered Equipment 
• 
Data Acquisition Systems 
• 
Instrumentation 
• 
Process Control 
• 
Energy Management 


• 
Product Testing 
• 
Automotive 
• 
Precision Audio Components 


-This pin must be teft floating or connected 
to pin 3. 


TOp View 
see NS Package Number M03B 
(JEDEC Registration 
To-236AB) 


Top VIew 
see NS Package Number M08A 


He 
C?J 


Bottom View 
see NS Package Number Z03A 


r- 
Ordering Information 
i:•• 
0•• 
Reverse 
Breakdown 
0 


Voltage 
Tolerance 
at 25°C 
Package 


and Average 
Reverse 
Breakdown 
Z (TO-92) 
Voltage 
Temperature 
Coefficient 
M3(SOT-23) 


±0.1%, 
100 ppml"C 
max (A grade) 
LM4040AIM3-2.5, 
LM4040AIZ-2.5, 
LM4040AIM-2.5, 


LM4040AIM3-4.1, 
LM4040AIZ-4.1, 
LM4040AIM-4.1, 


LM4040AIM3-5.0, 
LM4040AIZ-5.0, 
LM4040AIM-5.0, 


LM4040AIM3-8.2, 
LM4040AIZ-8.2, 
LM4040AIM-8.2, 


LM4040AIM3-10.0 
LM4040AIZ-10.0 
LM4040AIM-10.0 


See NS Package 
See NS Package 
See NS Package 


Number 
M03B 
NumberZ03A 
Number 
M08A 


±0.2%, 
100 ppml"C 
max (B grade) 
LM4040BIM3'2.5, 
LM4040BIZ-2.5, 
LM4040BIM-2.5, 


LM4040BIM3-4.1, 
LM4040BIZ-4.1, 
LM4040BIM-4.1, 


LM4040BIM3-5.0, 
LM4040BIZ-5.0, 
LM4040BIM-5.0, 


LM4040BIM3-8.2, 
LM4040BIZ-8.2, 
LM4040BIM-8.2, 


LM4040BIM3-10.0 
LM4040BIZ-10.0 
LM4040BIM·10.0 


See NS Package 
See NS Package 
See NS Package 


Number 
M03B 
NumberZ03A 
Number 
M08A 


± 0.5%, 
100 ppml"C 
max (C grade) 
LM4040CIM3-2.5, 
LM4040CIZ-2.5, 
LM4040CIM·2.5, 


LM4040CI M3-4.1, 
LM4040CIZ-4.1, 
LM4040CIM.4.1, 


LM4040CI M3-5.0, 
LM4040CIZ-5.0, 
LM4040CIM-5.0, 


LM4040CI M3-8.2, 
LM4040CIZ-8.2, 
LM4040CIM-8.2, 


LM4040CIM3-10.0 
LM4040CIZ-10.0 
LM4040CIM-10.0 


See NS Package 
See NS Package 
See NS Package 


Number 
M03B 
NumberZ03A 
Number 
M08A 


±1.0%, 
150 ppml"C 
max (D grade) 
LM4040DIM3-2.5, 
LM4040DIZ-2.5, 
LM4040DIM-2.5, 


LM4040DIM3-4.1, 
LM4040DIZ-4.1, 
LM4040DIM-4.1, 


LM4040DIM3-5.0, 
LM4040DIZ-5.0, 
LM4040DIM-5.0, 


LM4040DIM3-8.2, 
LM4040DIZ-8.2, 
LM4040DIM-8.2, 


LM4040DIM3-10.0 
LM4040DIZ-10.0, 
l-M4040DIM-10.0 


See NS Package 
See NS Package 
See NS Package 


Number 
M03B 
NumberZ03A 
Number 
M08A 


±2.0%, 
150 ppml"C 
max (E grade) 
LM4040EIM3-2.5 
LM4040EIZ-2.5 


See NS Package 
See NS Package 
• 


Number 
M03B 
NumberZ03A 


Part Marking 


R2A 


R4A 


R5A 
RBA 
ROA 


R2B 


R4B 


R5B 


RBB 


ROB 


R2C 


R4C 


R5C 
RBC 
ROC 


R2D 


R4D 


R5D 
RBD 
ROD 


R2E 


First Field: 


R = Reference 


Second 
Field: 


2 = 2.500V Voltage 
Option 


4 = 4.096V 
Voltage 
Option 


5 = 5.000V Voltage 
Option 


B = B.192V Voltage 
Option 
o = 1O.OOOVVoltage 
Option 


Third Field: 


A-E 
= Initial Reverse 
Breakdown 
Voltage 
or Reference 
Voltage 
Tolerance 


A = 
±0.1%, 
B = 
±0.2%, 
C = +0.5%, 
D = ±1.0%, 
E = 
±2.0% 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
ESD Susceptibility 


please 
contact 
the 
National 
Semiconductor 
Sales 
Human 
Body Model (Note 3) 
2kV 
Office/Distributors 
for availability 
and specifications. 
Machine 
Model (Note 3) 
200V 


Reverse 
Current 
20mA 
See AN-450 
"Surface 
Mounting 
Methods 
and Their 
Effect 


Forward 
Current 
10mA 
on Product 
Reliability" 
for other 
methods 
of soldering 
sur- 


Power 
Dissipation 
(TA = 25'C) 
(Note 2) 
face 
mount 
devices. 


M Package 
540mW 
Operating 
Ratings 
(Notes 
1 & 2) 
M3 Package 
306mW 


Z Package 
550mW 
Temperature 
Range 


Storage 
Temperature 
-65'Cto 
+ 150'C 
(Tmin:S: TA:S: Tmaxl 
-40'C:s: 
TA :s: +85'C 


Lead Temperature 
Reverse 
Current 


M and M3 Packages 
LM4040-2.5 
60 /lAto 
15mA 


Vapor phase (60 seconds) 
+215'C 
LM4040-4.1 
68/lAtd 
15 mA 


Infrared 
(15 seconds) 
+ 220'C 
LM4040-5.0 
74/lAt015mA 


Z Package 
LM4040-8.2 
91/lAto 
15mA 


Soldering 
(10 seconds) 
+ 260'C 
LM4040-10.0 
100 /lA to 15 mA 


LM4040-2,5 


Electrical Characteristics 
Boldface 
limits apply 
for TA = TJ 
= TMIN to TMAX; all other 
limits TA = TJ = 25'C. 
The grades 
A and B designate 
initial 
Reverse 
Breakdown 
Voltage 
tolerances 
of ±0.1% 
and 
±0.2%, 
respectively. 


LM4040AIM 
LM4040BIM 


Typical 
LM4040AIM3 
LM4040BIM3 
Units 


Symbol 
Parameter 
Conditions 
LM4040AIZ 
LM4040BIZ 
(Note 
4) 
Limits 
Limits 
(Limit) 


(Note 
5) 
(Note 
5) 


VR 
Reverse 
Breakdown 
Voltage 
IR = 100/lA 
2.500 
V 


Reverse 
Breakdown 
Voltage 
IR = 100/lA 
±2.5 
±5.0 
mV(max) 


Tolerance 
(Note 6) 
±19 
±21 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
45 
~ 


60 
60 
/lA(max) 


85 
85 
/lA(max) 


AVR/AT 
Average 
Reverse 
Breakdown 
IR = 10mA 
±20 
ppml'C 
Voltage 
Temperature 
IR = 1 mA 
±15 
±100 
±100 
ppml'C 
(max) 
Coefficient 
IR = 100/lA 
±15 
ppml'C 


AVR/AIR 
Reverse 
Breakdown 
Voltage 
IRMIN :s: IR :s: 1 mA 
0.3 
mV 


Change 
with Operating 
0.8 
0.8 
mV(max) 
Current 
Change 
1,0 
1,0 
mV(max) 


1 mA :s: IR :s: 15 mA 
2.5 
mV 


6.0 
6.0 
mV(max) 


8,0 
8.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA,f 
= 120Hz, 
0.3 
0 


lAC = 0.11R 
0.8 
0.8 
o (max) 


eN 
Wideband 
Noise 
IR = 100/lA 
35 
10Hz:S:f:S:10kHz 
/lVrms 


AVR 
Reverse 
Breakdown 
Voltage 
t = 1000 hrs 


Long Term Stability 
T = 25'C 
±0.1'C 
120 
ppm 
IR = 100,..A 
• 


LM4040-2.5 
(Continued) 


Electrical Characteristics 
(Continued) 
Boldface limits apply for TA = TJ = TMINto TMAX;all other limits TA = TJ = 25"C. The grades C, 0 and E designate initial 
Reverse Breakdown Voltage tolerances of ± 0.5%, ± 1.0% and ± 2.0%, respectively. 


LM4040CIM 
LM4040DIM 
LM4040EIM3 


T 
I 
I LM4040CIM3 LM4040DIM3 
LM4040EIZ 
Units 
Symbol 
Parameter 
Conditions 
(:~::) 
LM4040CIZ 
LM4040DIZ 
(Limit) 
Limits 
Limits 
Limits 
(NoteS) 
(Note S) 
(NoteS) 


VR 
Reverse Breakdown Voltage 
IR = 100,..A 
2.500 
V 


Reverse Breakdown Voltage 
IR = 100,..A 
±12 
±25 
±50 
mV(max) 


Tolerance (Note 6) 
±29 
±49 
±74 
mV(max) 


IRMIN 
Minimum Operating Current 
45 
,..A 


60 
65 
65 
,..A(max) 


85 
70 
70 
,..A(max) 


aVR/aT 
Average Reverse Breakdown IR = 10mA 
±20 
ppm/"C 


Voltage Temperature 
IR = 1 mA 
±15 
±100 
±150 
±150 
ppm/"C (max) 


Coefficient 
IR = 100,..A 
±15 
ppm/"C 


aVRI aiR Reverse Breakdown Voltage 
IRMINS; IR :s; 1 mA 
0.4 
mV 


Change with Operating 
0.8 
1.0 
1.0 
mV(max) 


Current Change 
1.0 
1.2 
1.2 
mV(max) 


1 mA S; fR S; 15 mA 
2.5 
mV 


6.0 
8.0 
8.0 
mV(max) 


8.0 
10.0 
10.0 
mV(max) 


ZR 
Reverse Dynamic Impedance IR = 1 rnA,f = 120Hz 
0.3 
n 


lAC = 0.1 IR 
0.9 
1.1 
1.1 
n(max) 


eN 
Wideband Noise 
IR = 100,..A 
35 
",Vrms 
10Hz:S; f:S; 10kHz 


aVR 
Reverse Breakdown Voltage 
t = 1000 hrs 
Long Term Stability 
T = 25"C ±0.1"C 
120 
ppm 


fR = 100,..A 


LM4040-4.1 


Electrical Characteristics 
Boldface 
limits apply 
for TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25·C. The grades 
A and B designate 
initial 
Reverse 
Breakdown 
Voltage 
tolerances 
of ± 0.1 % and 
± 0.2%, 
respectively. 


LM4040AIM 
LM4040BIM 


Typical 
LM4040AIM3 
LM4040BIM3 
Units 
Symbol 
Parameter 
f; 
Conditions 
LM4040AIZ 
LM4040BIZ 
(Note 
4) 
Limits 
Limits 
(Limit) 


(Note 
5) 
(Note 
5) 


VR 
Reverse 
Breakdown 
Voltage 
IR = 100/LA 
4.096 
V 


Reverse 
Breakdown 
Voltage 
IR = 100/LA 
±4.1 
±8.2 
mV(max) 


Tolerance 
(Note 6) 
±31 
±35 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
50 
/LA 


68 
68 
/LA (max) 


73 
73 
/LA (max) 


aVR/aT 
Average 
Reverse 
Breakdown 
Voltage 
IR = 10mA 
±30 
ppml"C 


Temperature 
Coefficient 
IR = 1 mA 
±20 
±100 
±100 
ppmI"C(max) 


IR = 100/LA 
±20 
ppml"C 


aVR/ aiR 
Reverse 
Breakdown 
Voltage 
Change 
IRMIN ,;; IR ,;; 1 mA 
0.5 
mV 


with Operating 
Current 
Change 
0.9 
0.9 
mV(max) 


1.2 
1.2 
mV(max) 


1 mA ,;; IR ,;; 15 mA 
3.0 
mV 


7.0 
7.0 
mV(max) 


10.0 
10.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA,f = 120Hz, 
0.5 
0 


lAC = 0.11R 
1.0 
1.0 
o (max) 


eN 
Wideband 
Noise 
IR = 100/LA 
80 
/LVrms 
10Hz';; 
f,;; 
10kHz 


aVR 
Reverse 
Breakdown 
Voltage 
Long 
t = 1000hrs 


Term Stability 
T = 25·C 
±0.1·C 
120 
ppm 


IR = 100/LA 
• 


LM4040-4.1 
(Continued) 


Electrical Characteristics 
(Continued) 
Boldface 
limits apply 
for T A = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25"C. The grades 
C and D designate 
initial 


Reverse 
Breakdown 
Voltage 
tolerances 
of ± 0.5% 
and 
± 1.0%, 
respectively. 


LM4040CIM 
LM4040DIM 


- ::, 
Typical 
LM4040CIM3 
LM4040DIM3 
Units 
Symbol 
Parameter 
Conditions 
(Note 
4) 
LM4040CIZ 
LM4040DIZ 
(Limit) 
Limits 
Limits 


(Note 
5) 
(Note 
5) 


VR 
Reverse 
Breakdown 
Voltage 
IR = 100 fLA 
4.096 
V 


Reverse 
Breakdown 
Voltage 
IR = 100fLA 
f 
±20 
±41 
mV(max) 


Tolerance 
(Note 6) 
±47 
±81 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
50 
fLA 


68 
73 
fLA(max) 
73 
78 
fLA(max) 


!:"vR/IJ.T 
Average 
Reverse 
Breakdown 
Voltage 
IR = 10mA 
±30 
ppml"C 


Temperature 
Coefficient 
IR = 1 mA 
±20 
±100 
±150 
ppmi"C 
(max) 


IR = 100fLA 
±20 
ppml"C 


IJ.VR/IJ.IR 
Reverse 
Breakdown 
Voltage 
Change 
IRMIN ,;; IR ,;; 1 mA 
0.5 
mV 


with Operating 
Current 
Change 
0.9 
1.2 
mV(max) 
1.2 
1.5 
mV(max) 


1 mA ,;; IR ,;; 15 mA 
3.0 
mV 


\. 
7.0 
9.0 
mV(max) 
10.0 
13.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA,f = 120Hz, 
0.5 
0 


lAC = 0.11R 
1.0 
1.3 
o (max) 


eN 
Wideband 
Noise 
IR = 100fLA 
80 
fLVrms 
10Hz';; 
f,;; 
10kHz 


IJ.VR 
Reverse 
Breakdown 
Voltage 
Long 
t = 1000 hrs 
, 
. 


Term Stability 
T = 25"C 
±0.1"C 
120 
ppm 


IR = 100fLA 


LM4040-5.0 


Electrical Characteristics 
Boldface 
limits 
apply 
for 
TA = TJ = T MIN to TMAX; all other 
limits TA = TJ = 2S·C. The grades 
A and B designate 
initial 
Reverse 
Breakdown 
Voltage 
tolerances 
01 ±0.1% 
anddO.2%, 
respectively. 


LM4040AIM 
LM4040BIM 


I 
'- 
Typical 
LM4040AIM3 
LM4040BIM3 
Units 
Symbol 
Parameter 
r ,f 
Conditions 
(Note 
4) 
LM4040AIZ 
LM4040BIZ 
(Limit) 


Limits 
Limits 


(Note 
5) 
(Note 
5) 


VR 
Reverse 
Breakdown 
Voltage 
IR = 100/-,A 
J 
S.OOO 
V 


Reverse 
Breakdown 
Voltage 
IR = 100/-,A 
±S.O 
±10 
mV(max) 


Tolerance 
(Note 6) 
±38 
±43 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
54 
/-'A 
74 
74 
/-,A(max) 


80 
80 
/-,A(max) 


lI.VR/lI.T 
Average 
Reverse 
Breakdown 
Voltage 
IR = 10mA 
±30 
ppmfOC 


Temperature 
Coefficient 
IR = 1 mA 
±20 
±100 
±100 
ppmfOC(max) 


IR = 100/-,A 
±20 
ppmfOC 


lI.VR/lI.IR 
Reverse 
Breakdown 
Voltage 
Change 
IRMIN ,;; IR ,;; 1 mA 
0.5 
mV 


with Operating 
Current 
Change 
1.0 
1.0 
mV(max) 


1.4 
1.4 
mV(max) 


1 mA ,;; IR ,;; 1S mA 
3.S 
mV 


8.0 
8.0 
mV(max) 


12.0 
12.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA,1 = 120 Hz, 
O.S 
fi 


lAC = 0.11R 
1.1 
1.1 
fi(max) 


eN 
Wideband 
Noise 
IR = 100/-,A 
80 
/-,Vrms 
10Hz,;; 
I,;; 
10kHz 


lI.VR 
Reverse 
Breakdown 
Voltage 
Long 
t = 1000 hrs 


Term Stability 
T = 2S0C ±0.1°C 
40 
ppm 


IR = 100/-,A 
• 


LM4040-S.0 
(Continued) 


Electrical Characteristics 
(Continued) 


Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25°C. The grades 
C and D designate 
initial 


Reverse 
Breakdown 
Voltage 
tolerances 
01 ± 0.5% 
and 
± 1.0%, 
respectively. 


, 
LM4040CIM 
LM4040DIM 


Typical 
LM4040CIM3 
LM4040DIM3 
Units 
Symbol 
Parameter 
Conditions 
(Note 
4) 
LM4040CIZ 
LM4040DIZ 
(Limit) 


Limits 
Limits 


(Note 
5) 
(Note 
5) 


VR 
Reverse 
Breakdown 
Voltage 
IR = 100 jJ.A 
5.000 
V 


Reverse 
Breakdown 
Voltage 
IR = 100 jJ.A 
±25 
±50 
mV(max) 


Tolerance 
(Note 6) 
±58 
±ee 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
54 
jJ.A 


74 
79 
jJ.A(max) 


80 
85 
jJ.A(max) 


aVR/aT 
Average 
Reverse 
Breakdown 
Voltage 
IR = 10mA 
±30 
ppml"C 


Temperature 
Coefficient 
IR = 1 mA 
±20 
±100 
±150 
ppml"C 
(max) 


IR = 100jJ.A 
±20 
ppml"C 


aVR/aIR 
Reverse 
Breakdown 
Voltage 
Change 
IRMIN ,,; IR ,,; 1 mA 
0.5 
mV 


with Operating 
Current 
Change 
1.0 
1.3 
mV(max) 


1.3 
1.8 
mV(max) 


1 mA,,; 
IR ,,; 15 mA 
3.5 
mV 


8.0 
10.0 
mV(max) 


12.0 
15.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA,1 = 120 Hz, 
0.5 
0 


lAC = 0.1 IR 
1.1 
1.5 
o (max) 


eN 
Wideband 
Noise 
IR = 100 jJ.A 
80 
jJ.Vrms 
10Hz,,; 
I,,; 
10kHz 


aVR 
Reverse 
Breakdown 
Voltage 
Long 
t = 1000 hrs 
Term Stability 
T = 25°C ±0.1°C 
120 
ppm 


IR = 100jJ.A 


LM4040-8.2 


Electrical Characteristics 
Boldface 
limits apply 
for TA = TJ = T MIN to TMAX; all other 
limits TA = TJ = 25°C. The grades 
A and B designate 
initial 
Reverse 
Breakdown 
Voltage 
tolerances 
of 
±0.1% 
and 
±0.2%, 
respectively. 


LM4040AIM 
LM4040BIM 


Typical 
LM4040AIM3 
LM4040BIM3 
Units 
Symbol 
Parameter 
Conditions 
(Note 
4) 
LM4040AIZ 
LM4040BIZ 
(Limit) 


Limits 
Limits 


(Note 
5) 
(Note 
5) 


VR 
Reverse 
Breakdown 
Voltage 
IR = 150 fLA 
8.192 
V 


Reverse 
Breakdown 
Voltage 
IR = 150 fLA 
±8.2 
±16 
mV(max) 


Tolerance 
(Note 6) 
±81 
±70 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
67 
fLA 


91 
91 
fLA (max) 


e5 
e5 
fLA (max) 


aVR/aT 
Average 
Reverse 
Breakdown 
Voltage 
IR = 10mA 
±40 
ppml"C 


Temperature 
Coefficient 
IR = 1 mA 
±20 
±100 
±100 
ppmI"C(max) 


IR = 150 fLA 
±20 
ppml"C 


aVR/aIR 
Reverse 
Breakdown 
Voltage 
Change 
IRMIN ,,; IR ,,; 1 mA 
0.6 
mV 
with Operating 
Current 
Change 
1.3 
1.3 
mV(max) 


2.5 
2.5 
mV(max) 


1 mA ,,; IR ,,; 15 mA 
7.0 
mV 


10.0 
10.0 
mV(max) 


18.0 
18.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA, f = 120Hz, 
0.6 
0 


lAC = 0.1 fR 
1.5 
1.5 
o (max) 


eN 
Wideband 
Noise 
IR = 150 fLA 
130 
fLV,ms 
10Hz,,; 
f,,; 
10kHz 


aVR 
Reverse 
Breakdown 
Voltage 
Long 
t = 1000 hrs 


Term Stability 
T = 25°C 
±0.1°C 
120 
ppm 


IR = 150 fLA 
• 


DOlaTa,,", limns 
apply 
Tor 'A = 
IJ = TMIN to TMAX; all other 
limits TA = TJ = 25°C. The grades 
C and 0 designate 
initial 
Reverse 
Breakdown 
Voltage 
tolerances 
01 ± 0.5% 
and 
± 1.0%, 
respectively. 


LM4040CIM 
LM4040DIM 


Typical 
LM4040CIM3 
LM4040DIM3 
Units 
Symbol 
Parameter 
Conditions 
LM4040CIZ 
LM4040DIZ 
(Note 
4) 
Limits 
Limits 
(Umlt) 


(Note 
5) 
(Note 
5) 


VR 
Reverse 
Breakdown 
Voltage 
IR = 150 /-LA 
8.192 
V 


Reverse 
Breakdown 
Voltage 
IR = 150/-LA 
±41 
±82 
mV(max) 


Tolerance 
(Note 6) 
±04 
±162 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
I' 
67 
/-LA 


91 
96 
/-LA(max) 


05 
100 
,..A (max) 


lJ.VRIIH 
Average 
Reverse 
Breakdown 
Voltage 
IR = 10mA 
±40 
ppml"C 


Temperature 
Coefficient 
IR = 1 mA 
±20 
±100 
±150 
ppmI"C(max) 


IR = 150 /-LA 
±20 
ppml"C 


lJ.VR/lJ.IR 
Reverse 
Breakdown 
Voltage 
Change 
IRMIN ,;; IR ,;; 1 mA 
0.6 
mV 


with Operating 
Current 
Change 
1.3 
1.7 
mV(max) 


2.5 
3.0 
mV(max) 


1 mA ,;; IR ,;; 15 mA 
7.0 
mV 


10.0 
15.0 
mV(max) 


18.0 
24.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA,1 = 120Hz, 
0.6 
n 


lAC = 0.11R 
1.5 
1.9 
n(max) 


eN 
Wideband 
Noise 
IR = 150/-LA 
130 
/-LVrms 
10Hz,;; 
I,;; 
10kHz 


lJ.VR 
Reverse 
Breakdown 
Voltage 
Long 
t = 1000hrs 


Term Stability 
T = 25°C ±0.1°C 
120 
ppm 


IR = 150 /-LA 


r- 
LM4040·10.0 
i: 
~0~ 
Electrical Characteristics 
0 


Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25°C. The grades 
A and B designate 
initial 
Reverse 
Breakdown 
Voltage 
tolerances 
of ± 0.1 % and 
± 0.2%, 
respectively. 


LM4040AIM 
LM4040BIM 


Typical 
LM4040AIM3 
LM4040BIM3 
Units 
Symbol 
Parameter 
Conditions 
(Note 
4) 
LM4040AIZ 
LM4040BIZ 
(Limit) 


Limits 
Limits 


(Note 
5) 
(Note 
5) 


VA 
Reverse 
Breakdown 
Voltage 
IA = 150 IJoA 
10.00 
V 


Reverse 
Breakdown 
Voltage 
IA = 150 IJoA 
±10 
±20 
mV(max) 


Tolerance 
(Note 6) 
±75 
±85 
mV(max) 


IAMIN 
Minimum 
Operating 
Current 
75 
IJoA 


100 
100 
IJoA(max) 


103 
103 
IJoA(max) 


I1VA/I1T 
Average 
Reverse 
Breakdown 
Voltage 
IA = 10mA 
±40 
ppm/"C 


Temperature 
Coefficient 
IA = 1 mA 
±20 
±100 
±100 
ppm/"C 
(max) 


IA = 150lJoA 
±20 
ppm/"C 


I1VA/I1IA 
Reverse 
Breakdown 
Voltage 
Change 
IAMIN ,;;;IA ,;;;1 mA 
0.8 
mV 


with Operating 
Current Change 
1.5 
1.6 
mV(max) 


3.5 
3.5 
mV(max) 


1 mA,;;; IA ,;;;15 mA 
8.0 
mV 


12.0 
12.0 
mV(max) 


23.0 
23.0 
mV(max) 


ZA 
Reverse 
Dynamic 
Impedance 
IA = 1 mA, f = 120 Hz, 
0.7 
0 


lAC = 0.11A 
1.7 
1.7 
o (max) 


eN 
Wideband 
Noise 
IA = 150lJoA 
180 
IJoV,ms 
10Hz,;;;f,;;;10kHz 


I1VA 
Reverse 
Breakdown 
Voltage 
Long 
t = 1000 hrs 


Term Stability 
T = 25°C ±0.1°C 
120 
ppm 


IA = 150lJoA 


III 


LM4040-10.0 
(Continued) 


Electrical Characteristics 
(Continued) 
Boldface 
limits apply 
for TA = 
TJ = 
T MIN to TMAX; all other 
limits TA = 
TJ = 
25'C. 
The grades 
C and D designate 
initial 
Reverse 
Breakdown 
Voltage 
tolerances 
01 ± 0.5% 
and 
± 1.0%, 
respectively. 


LM4040CIM 
LM4040DIM 


Typical 
LM4040CIM3 
LM4040DIM3 
Units 
Symbol 
Parameter 
. 
Conditions 
LM4040CIZ' 
LM4040DIZ 
(Note 
4) 
Limits 
Limits 
(Limit) 


(Note 
5) 
(Note 
5) 


VR 
Reverse 
Breakdown 
Voltage 
IR=150,..A 
10.00 
V 


Reverse 
Breakdown 
Voltage 
IR = 
150,..A 
±50 
±100 
mV(max) 


Tolerance 
(Note 6) 
± 115 
±198 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
75 
,..A 


100 
110 
,..A(max) 
103 
113 
,..A(max) 


aVR/aT 
Average 
Reverse 
Breakdown 
Voltage 
IR = 
10mA 
±40 
ppm/'C 


Temperature 
Coefficient 
IR = 
1 mA 
±20 
±100 
±150 
ppm/'C 
(max) 


IR = 
150,..A 
±20 
ppm/'C 


aVR/aIR 
Reverse 
Breakdown 
Voltage 
Change 
IRMIN ,;; IR ,;; 1 mA 
0.8 
mV 


with Operating 
Current 
Change 
1.5 
2.0 
mV(max) 
3.5 
4.0 
mV(max) 


1 mA ,;; IR ,;; 15 mA 
8.0 
mV 


12.0 
18.0 
mV(max) 
23.0 
29.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 
1 mA, 1 = 
120 Hz, 
0.7 
0 


lAC = 0.11R 
1.7 
2.3 
o (max) 


eN 
Wideband 
Noise 
IR = 
150,..A 
180 
",Vrms 
10 Hz';; 
1 ,;; 10 kHz 


aVR 
Reverse 
Breakdown 
Voltage 
Long 
t = 
1000 hrs 


Term Stability 
T = 25'C 
±0.1'C 
120 
ppm 


IR = 
150,..A 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 


Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by TJmax (maximum junction temperature), (JJA ijunction to 
ambient thermal resistance), and TA (ambient temperature). The maximum allowable power dissipation at any temperature is PDmax = (TJmax - 
TNI8JA 
or the 
number given in the Absolute Maximum Ratings, whichever is lower. For the LM4040, TJmax = 125°C, and the typical thermal resistance (8JN, 
when board 
mounted, is 18S·C/W 
for the M package. 326"C/W 
for the SOT-23 package, and 180"C/W 
with 0.4· 
lead length and 170"C/W 
with 0.12S· lead length for the 
TD-92 
package. 


Note 3: The human body model is a 100 pF capacitor discharged through a 1.5 kO resistor into each pin. The machine model is a 200 pF capacitor discharged 
directly into each pin. 


Note 4: Typicals are at TJ = 25°C and represent most likely parametric norm. 


Note 5: Limits are 100% production tested at 25°C. limits over temperature are guaranteed through correlation using Statistical Quality Control (sac) methods. 
The limits are used to calculate National's AOQL. 


Note 
6: The boldface (over-temperature) 
limit for Reverse Breakdown Voltage Tolerance is defined as the room temperature Reverse Breakdown Voltage 
Tolerance ± [(.6.VA/.6.n(65°C)(VA» 
. .6.VA/.6.T is the VA temperature coefficient, 65°C is the temperature range from -40"'C to the reference point of 25°C, and VA 
is the reverse breakdown voltage. The total over-temperature tolerance for the different grades is shown below: 


A-grade: ±0.7S% 
~ 
±O.l% 
±100ppm/"C 
x 6S·C 
B-grade: ±0.8S% 
~ 
±0.2% 
±100 ppm/"C 
x 6S·C 
C-grade: ±1.1S% 
~ 
±O.S% ±100 ppm/"C 
x 6S·C 
D-grade: ±1.98% = ±1.0% 
±1S0 ppm/"C 
x 6S·C 
E-grade: ± 2.98% ~ 
± 2.0% ± 1S0 ppm/"C 
x 6S·C 
Therefore, as an example, the A-grade LM4040-2.5 
has an over-temperature Reverse Breakdown Voltage tolerance of ± 2.5V X 0.75% = ±19mV. 
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Applications 
Information 


The LM4040 is a precision micro-power curvature-corrected 
bandgap shunt voltage reference. For space critical applica- 
tions, the LM4040 is available in the sub-miniature SOT-23 
surface-mount package. The LM4040 has been designed 
for stable operation without the need of an external capaci- 
tor connected between the" +.. pin and the" 
-" 
pin. If, 


however, a bypass capacitor is used, the LM4040 remains 
stable. Reducing design effort is the availability of several 
fixed reverse breakdown voltages: 2.500V, 4.096V, 5.000V, 
8.192V, and 10.000V. The minimum operating current in- 
creases from 60 p.A for the LM4040-2.5 to 100 p.A for the 
LM4040-10.0. All versions have a maximum operating cur- 
rent of 15 mA. 


LM4040s in the SOT-23 packages have a parasitic Schottky 
diode between pin 3 (-) 
and pin 1 (Die attach interface 


contact). Therefore, pin 1 of the SOT-23 package must be 
left floating or connected to pin 3. 


The 4.096V version allows single +5V 12-bit ADCs or 
DACs to operate with an LSB equal to 1 mY. For 12-bit 
ADCs or DACs that operate on supplies of 10V or greater, 
the 8.192V version gives 2 mV per LSB. 
In a conventional shunt regulator application (Figure 
1), an 


external series resistor (Rs) is connected between the sup- 
ply voltage and the LM4040. Rs determines the current that 
flows through the load (ILJand the LM4040 (10)' Since load 
current and supply voltage may vary, Rs should be small 


enough to supply at least the minimum acceptable 10 to the 
LM4040 even when the supply voltage is at its minimum and 
the load current is at its maximum value. When the supply 
voltage is at its maximum and IL is at its minimum, Rs 
should be large enough so that the current flowing through 
the LM4040 is less than 15 mA. 


Rs is determined by the supply voltage, (Vs), the load and 
operating current, (IL and 10), and the LM4040's reverse 
breakdown voltage, VA. 


Vs - VA 
Rs=--- 
IL + 10 


TL/H/11323-15 


FIGURE 
1. Shunt Regulator 
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Typical Applications 
(Continued) 
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TUH/11323-17 


FIGURE 3. Bounded amplifier reduces saturation-Induced 
delays and can prevent succeeding stage damage. 
Nominal clamping voltage Is ± 11.5V (LM4040's reverse breakdown voltage + 2 diode VF)' 
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TL/H/11323-18 
FIGURE 4. Protecting Op Amp Input. The bounding voltage Is ± 4V with the LM4040-2.5 
(LM4040's reverse breakdown voltage + 3 diode VF). 
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FIGURE 5. Precision ±4.096V Reference 
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LM4041 
Precision Micropower Shunt Voltage Reference 


General Description 
Ideal for space critical applications, the LM4041 precision 
voltage reference is available in the sub-miniature (3 mm x 
1.3 mm) SOT-23 surface-mount package. The LM4041's 
advanced design eliminates the need for an external stabi- 
lizing capacitor while ensuring stability with any capacitive 
load, thus making the LM4041 easy to use. Further reducing 
design effort is the availability of a fixed (1.225V) and adjust- 
able reverse breakdown voltage. The minimum operating 
current is 60 /LA for the LM4041-1.2 and the LM4041-ADJ. 
Both versions have a maximum operating current of 12 mA. 


The LM4041 utilizes fuse and zener-zap reverse breakdown 
or reference voltage trim during wafer sort to ensure that the 
prime parts have an accuracy of better than 
±0.1% 
(A grade) at 25°C. Bandgap reference temperature drift cur- 
vature correction and low dynamic impedance ensure stable 
reverse breakdown voltage accuracy over a wide range of 
operating temperatures and currents. 


Features 
• 
Small packages: SOT-23, TO-92, and SO-8 
• 
No output capacitor required 
• 
Tolerates capacitive loads 


• 
Reverse breakdown voltage options of 1.225V and 
adjustable 
• 
Contact National Semiconductor Analog Marketing for 
parts with extended temperature range 


Key Specifications 
(LM4041-1.2) 
• 
Output voltage tolerance (A grade, 25°C) ± 0.1% (max) 
• 
Low output noise (10 Hz to 10 kHz) 
20 /LVrms(typ) 
• 
Wide operating current range 
60 /LA to 12 mA 
• 
Industrial temperature range 
-40°C to +85°C 
• 
Low temperature coefficient 
100 ppmrC 
(max) 


Applications 
• 
Portable, Battery-Powered Equipment 
• 
Data Acquisition Systems 
• 
Instrumentation 
• 
Process Control 
• 
Energy Management 
• 
Product Testing 
• 
Automotive 
• 
Precision Audio Components 
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to pin 3. 
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See NS Package 
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Top View 


See NS Package 
Number 
M08A 


FS 


~ 
ADJ 
TLIH/11392-32 


BotlomVlew 
See NS Package 
Number 
Z03A 


and Average 
Reverse 
Breakdown 


Voltage 
Temperature 
Coefficient 
M3(SOT-23) 
Z(TO-92) 
M(SO-S) 


± 0.1 %, 100 ppm/'C 
max (A grade) 
LM4041 AIM3-1.2 
LM4041AIZ-l.2 
LM4041AIM-l.2 


See NS Package 
See NS Package 
See NS Package 


Number 
M03B 
NumberZ03A 
Number 
MOSA 


±0.2%, 
100 ppm/'C 
max (B grade) 
LM4041BIM3-1.2 
LM4041BIZ-l.2 
LM4041BIM-l.2 


See NS Package 
See NS Package 
See NS Package 


Number 
M03B 
NumberZ03A 
Number 
MOSA 


± 0.5%, 
100 ppm/'C 
max (C grade) 
LM4041CIM3-1.2 
LM4041CIZ-l.2, 
LM4041CIM-l.2, 


LM4041 CIM3-ADJ 
LM4041 CIZ-ADJ 
LM4041CIM-ADJ 


See NS Package 
See NS Package 
See NS Package 


Number 
M03B 
NumberZ03A 
Number 
MOSA 


± 1.0%, 
150 ppm/'C 
max (D grade) 
LM4041DIM3-1.2 
LM4041DIZ-l.2, 
LM4041DIM-l.2, 


LM4041 DIM3-ADJ 
LM4041 DIZ-ADJ 
LM4041 DIM-ADJ 


See NS Package 
See NS Package 
See NS Package 


Number 
M03B 
NumberZ03A 
Number 
MOSA 


± 2.0%, 
150 ppm/'C 
max (E grade) 
LM4041 EIM3-1.2 
LM4041EIZ-l.2 


See NS Package 
See NS Package 


Number 
M03B 
NumberZ03A 


SOT -23 Package Marking Information 
Only three 
fields 
of marking 
are possible 
on the SOT-23's 
small surface. 
This table 
gives the meaning 
of the three 
fields. 


Part Marking 
Field Definition 


R1A 
First Field: 


R1B 
I 
R = Reference 


R1C 
Second 
Field: 


R1D 
1 = 1.225V Voltage 
Option 


R1E 
A = Adjustable 


Third Field: 


RAC 
A-E 
= Initial Reverse 
Breakdown 


RAD 
Voltage 
or Reference 
Voltage 
Tolerance 


A = 
±O.l%, 
B = 
±0.2%, 
C = ±0.5%, 
D = ±1.0%, 
E = 
±2.0% 


Absolute Maximum Ratings 
(Note 1) 
If Military/Aerospace 
specified 
devices 
are required, 
ESD Susceptibility 


please 
contact 
the 
National 
semiconductor 
Sales 
Human Body Model (Note 3) 
2kV 
Office/Distributors 
for availability 
and specifications. 
Machine Model (Note 3) 
200V 


Reverse Current 
20mA 
See AN-4S0 "Surface Mounting Methods and Their Effect 


Forward Current 
10mA 
on Product Reliability" lor other methods 01soldering sur- 


Maximum Output Voltage 
lace mount devices. 


(LM4041-ADJ) 
1SV 
Operating Ratings 
(Notes 1 & 2) 
Power Dissipation (TA = 2S°C)(Note 2) 
M Package 
S40mW 
Temperature Range 


M3 Package 
306mW 
(TminS; TA S; Tmaxl 
-40"C 
S; TA S; +8SoC 


Z Package 
SSOmW 
Reverse Current 


Storage Temperature 
-6SoC to + 1S0°C 
LM4041-1.2 
60 ".Ato 12 mA 


Lead Temperature 
LM4041-ADJ 
60 ".Ato 12 mA 


M and M3 Packages 
Output Voltage Range 


Vapor phase (60 seconds) 
+21SoC 
LM4041-ADJ 
1.24V to 10V 


Inlrared (1Sseconds) 
+ 220°C 


Z Package 
Soldering (10 seconds) 
+ 260°C 


II 
LM4041·1.2 


Electrical Characteristics 
Boldface 
limits 
apply for TA = TJ = TIlIN to Tllax; 
all other limits TA = TJ = 2SoC.The grades A and B designate initial 
Reverse Breakdown Voltage tolerances 01±0.1% and ±0.2%, respectively. 


LM4041AIM 
LM4041BIM 


Typical 
LM4041AIM3 
LM4041BIM3 
Units 
Symbol 
Parameter 
Conditions 
LM4041AIZ 
LM4041BIZ 
(Note 4) 
Limits 
Limits 
(Limit) 


(Note 5) 
(Note 5) 


VR 
Reverse Breakdown Voltage 
IR = 100".A 
1.22S 
V 


Reverse Breakdown Voltage 
IR = 100".A 
±1.2 
±2.4 
mV(max) 
Tolerance (Note 6) 
±9.2 
±10.4 
mV(max) 


IRMIN 
Minimum Operating Current 
r 
4S 
".A 


60 
60 
".A(max) 


65 
65 
".A(max) 


aVR/aT 
Average Reverse Breakdown 
IR = 10mA 
±20 
ppml"C 
Voltage Temperature 
IR = 1 mA 
±1S 
±100 
±100 
ppml"C (max) 
Coefficient 
IR = 100".A 
±1S 
ppml"C 


aVRI aiR 
Reverse Breakdown Voltage 
IRMINS; IR S; 1 mA 
0.7 
mV 
Change with Operating 
1.S 
1.S 
mV(max) 
Current Change 
2.0 
2.0 
mV(max) 


1 mA S; IR S; 12mA 
4.0 
mV 


6.0 
6.0 
mV(max) 


8.0 
8.0 
mV(max) 


ZR 
Reverse Dynamic Impedance 
IR = 1 mA, 1= 120 Hz, 
O.S 
!l 


lAC = 0.1 IR 
1.S 
1.S 
!l(max) 


eN 
Wideband Noise 
IR = 100".A 
20 
10Hz S; I S; 10kHz 
",Vrms 


aVR 
Reverse Breakdown Voltage 
t = 1000 hrs 
Long Term Stability 
T = 2SoC±0.1°C 
120 
ppm 


IR = 100".A 
• 


LM4041·1.2 
(Continued) 


Electrical 
Characteristics 
(Continued) 


Boldface 
limit. 
apply 
for 
TA = T" = TIlIH to TIIAX; all other 
limits TA = TJ = 25'C. 
The grades 
C, D and E designate 


initial 
Reverse 
Breakdown 
Voltage 
tolerances 
of ± 0.5%, 
± 1.0% 
and 
± 2.0%, 
respectively. 


LM4041CIM 
LM4041DIM 
LM4041EIM3 


Typical 
LM4041CIM3 
LM4041DIM3 
LM4041EIZ 
Units 
Symbol 
Parameter 
". 
Conditions 
(Note 
4) 
LM4041CIZ 
LM4041DIZ 
(Limit) 


Limits 
Limits 
Limits 


(Note 
5) 
(Note 
5) 
(Note 
5) 


VR 
Reverse 
Breakdown 
Voltage 
IR = 100 !LA 
1.225 
V 


Reverse 
Breakdown 
Voltage 
IR = 100 !LA 
±6 
±12 
±25 
mV(max) 


Tolerance 
(Note 6) 
±14 
±24 
±38 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
45 
!LA 


60 
65 
65 
!LA (max) 


85 
70 
70 
!LA (max) 


AVR/AT 
Average 
Reverse 
Breakdown 
IR = 10mA 
±20 
ppm/'C 
Voltage 
Temperature 
IR = 1 mA 
±15 
±100 
±150 
±150 
ppm/'C 
(max) 
Coefficient 
IR = 100 !LA 
±15 
ppm/'C 


AVR/AIR 
Reverse 
Breakdown 
Voltage 
IRMIN ,;; IR ,;; 1 mA 
0.7 
mV 
Change 
with Operating 
1.5 
2.0 
2.0 
mV(max) 
Current 
Change 
2.0 
25 
2.5 
mV(max) 


1 mA,;; 
IR ,;; 12 mA 
2.5 
mV 


6.0 
8.0 
8.0 
mV(max) 


8.0 
10.0 
10.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA, f = 120 Hz 
0.5 
0 


lAC = 0.11R 
1.5 
2.0 
2.0 
O(max) 


eN 
Wideband 
Noise 
IR = 100 !LA 
20 
!LVrms 
10Hz';; 
f,;; 
10kHz 
, 


AVR 
Reverse 
Breakdown 
Voltage 
t = 1000 hrs 


Long Term Stability 
T = 2S'C 
±0.1'C 
120 
ppm 


IR = 100 !LA 


LM4041·ADJ (Adjustable) 


Electrical 
Characteristics 


Boldface 
limits 
apply 
for 
TA = T" = TIlIH to TIIAX; all other 
limits TJ = 2S'C unless 
otherwise 
specified 
(SOT-23, 
see Note 


7), IRMIN ,;; IR ,;; 12 mA, VREF ,;; VOUT ,;; 10V. The grades 
C and D designates 
initial Reference 
Voltage 
Tolerances 
of ±0.5% 
and 


± 1%, respectively 
for VOUT = 5V. 


LM4041CIM 
LM4041DIM 


Symbol 
Parameter 
Conditions 
Typical 
LM4041CIM3 
LM4041DIM3 
Units 


(Note 
4) 
LM4041CIZ 
LM4041DIZ 
(Limit) 


(Note 
5) 
(Note 
5) 


VREF 
Reference 
Voltage 
IR = 100 !LA, VOUT = SV 
1.233 
V 


Reference 
Voltage 
IR = 100 !LA, VOUT = SV 
±6.2 
±12 
mV(max) 


Tolerance 
(Note 8) 
±14 
±24 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
4S 
!LA 


60 
6S 
!LA (max) 


85 
70 
!LA (max) 


LM4041·ADJ(Adjustable) 
(Continued) 


Electrical Characteristics 
(Continued) 


Itoldfacellmlts 
apply for Ta = T" = TMINto TMAX;all other 
limits TJ = 25'C 
unless 
otherwise 
specified 
(SOT-23, 
see 
Note 7), IAMIN :s; IA :s; 12 mA, VAEF :s; VOUT :s; 10V. The grades 
C and 0 designates 
initial Reference 
Voltage 
Tolerances 
of 


± 0.5% 
and 
± 1%, respectively 
for VOUT = 5V. 


LM4041CIM 
LM4041 DIM 


Symbol 
Parameter 
I, 
Conditions 
Typical 
LM4041CIM3 
LM4041DIM3 
Units 


(Note 
4) 
LM4041CIZ 
LM4041DIZ 
(Limit) 


(Note 
5) 
(Note 
5) 


aVAEF/alA 
Reference 
Voltage 
IAMIN :s; IA :s; 1 mA 
0.7 
mV 


Change 
with Operating 
SOT -23: VOUT :<: 1.6V (Note 7) 
1.5 
2.0 
mV(max) 


Current 
Change 
2,0 
2.5 
mV(max) 


1 mA:s; 
IA:S; 12 mA 
2 
mV 


SOT -23: VOUT :<: 1.6V (Note 7) 
4 
6 
mV (max) 


6 
8 
mV(max) 


aVAEF/aVO 
Reference 
Voltage 
Change 
IA = 1 mA 
-1.3 
mVIV 


with Output Voltage 
Change 
-2.0 
-2.5 
mVIV(max) 


-2.5 
-3,0 
mVIV(max) 


IFB 
Feedback 
Current 
60 
nA 


100 
150 
nA(max) 


120 
200 
nA (max) 


aVAEF/aT 
Average 
Reference 
Voltage 
VOUT = 5V, 
IA = 
10mA 
20 
ppm/'C 


Temperature 
Coefficient 
IR = 
1 mA 
15 
±100 
±150 
ppm/'C 
(max) 


(Note 8) 
IR = 100/LA 
15 
ppm/'C 


ZOUT 
Dynamic 
Output 
Impedance 
IA = 1 mA,f = 120Hz, 
~ 


lAC = O.lIR 
--' 
VOUT = VREF 
0.3 
n 


VOUT = 
10V 
2 
n 


eN 
Wideband 
Noise 
IR = 100 /LA 
VOUT = VREF 
20 
/LV,ms 
10Hz 
:s;f :s; 10kHz 


aVREF 
Reference 
Voltage 
Long 
t = 1000 hrs, IR = 100/LA 
120 
ppm 
Term Stability 
T = 25'C 
±O.l'C 


Note 1: Absolute 
Maximum 
Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional, 
but do not guarantee specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some pertormance 
characteristics 
may degrade 
when the device is not operated 
under the listed test 


conditions. 


Note 2: The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is dictated 
by TJmax (maximum junction 
temperature), 
9JA Gunction to 


ambient thermal resistance), 
and TA (ambient temperature). 
The maximum allowable 
power dissipation 
at any temperature 
is POmax = (TJmax - 
TA)/8JA or the 
number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. For the LM4041, TJmax = 12SoC, and the typical thermal 
resistance 
(9JAl, when board 
mounted,is 185'C/W for the M package,326"C/W for the SOT-23package.and 180"C/Wwith 0.4" lead lengthand 170"C/Wwith 0.125' lead lengthfor the 
TQ.92package. 
Not. 3: The human body model is a 100 pF capacitor 
discharged 
through a 1.S kn resistor into each pin. The machine model is a 200 pF capacitor 
discharged 
directly into each pin. 
Not. 4: Typicals are at TJ = 2SoC and represent 
most likely parametric 
norm. 


Note 5: Umits are 100% production 
tested at 25°C. Limits over temperature 
are guaranteed 
through correlation 
using Statistical 
Quality Control (SQC) methods. 


The limits are used to calculate 
National's 
AOQL. 


Note 6: The boldface 
(over-temperature) 
limit for Reverse 
Breakdown 
Voltage 
Tolerance 
is defined 
as the room temperature 
Reverse 
Breakdown 
Voltage 
Tolerance ± l(~VRI ~ T)(65'C)(VR»).~VRI ~ T is the VRtemperaturecoefficient.65'C is the temperaturerangefrom -40"C to the referencepointof 25'C. and VR 
is the reverse breakdown 
voftage. The total over-temperature 
tolerance 
for the different 
grades is shown below: 


Ai/rade: ±0.75% - 
±0.1% ±1oo ppml"C x 65'C 
B-grade:±0.85% - 
±0.2% ± 100ppml"C x 65'C 


C-grade:±1.15% = ±0.5% ±1oo ppm/'C x 65'C 
D-grade:±1.98% ~ ±1.0% ±150ppm1"C x 65'C 
E-grade:±2.98% ~ ±2.0% ± 150ppml"C x 65'C 
Therefore, 
as an example, the A-grade LM4041-1.2 
has an over-temperature 
Reverse Breakdown 
Voltage tolerance 
of ± 1.2V x 0.75% = ±9.2 
mV. 


Not. 7. When VOUT ~ 1.6V, the LM4041-ADJ 
in the SOT-23 package 
must operate 
at reduced 
IR. This is caused 
by the series resistance 
of the die attach 
betweenthe die H outputand the package(-) outputpin.see the OutputSaturation(SOT-23only) curvein the TypicalPenormanceCharacteristicssection. 
Note 8. Reference 
voltage 
and temperature 
coefficient 
will change with output voltage. See Typical Performance 
Characteristics 
curves. 


Typical Performance 
Characteristics 


Temperature 
Drift for Different, 


Average 
Temperature 
Coefficient 
Output 
Impedance 
vs Frequency 
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Reverse 
Characteristics 
and 
Noise Voltage 
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Operating 
Current 
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Output 
Impedance 
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Reverse 
Characteristics 
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Applications 
Information 


The LM4041 is a precision micro-power curvature-corrected 
bandgap shunt voltage reference. For space critical applica- 
tions, the LM4041 is available in the sub-miniature SOT-23 
surface-mount package. The LM4041 has been designed 
for stable operation without the need of an external capaci- 
tor connected between the "+" 
pin and the "-" 
pin. If, 


however, a bypass capacitor is used, the LM4041 remains 
stable. Design effort is further reduced with the choice of 
either a fixed 1.2V or an adjustable reverse breakdgwn volt- 
age. The minimum operating current is 60 I'-A for the 
LM4041-1.2 and the LM4041-ADJ. Both versions have a 
maximum operating current of 12 mA. 


LM4041s using the SOT-23 package have pin 1 connected 
as the (-) output through the package's die attach interface. 
Therefore, the LM4041-1.2's pin 1 must be left floating or 
connected to pin 3 and the LM4041-ADJ's pin 1 is the (-) 
output. 


In a conventional shunt regulator application (Figure 
fl, an 


external series resistor (RS) is connected between the sup- 
ply voltage and the LM4041. RS determines the current that 
flows through the load (10 and the LM4041 (IQ).Since load 
current and supply voltage may vary, Rs should be small 
enough to supply at least the minimum acceptable lei to the 
LM4041 even when the supply voltage is at its minimum and 
the load current is at its maximum value. When the supply 
voltage is at its maximum and IL is at its minimum, Rs 
should be large enough so that the current flowing through 
the LM4041 is less than 12 mA. 


Rs is determined by the supply voltage, (Vs), the load and 
operating current, (IL and IQ), and the LM4041's reverse 
breakdown voltage, VR. 


Vs - VR 
Rs=--- 
IL + IQ 


The LM4041-ADJ's output voltage can be adjusted to any 
value in the range of 1.24V through 10V. It is a function of 
the internal reference voltage (VREF)and the ratio of the 
external feedback resistors as shown in Figure 2. The out- 
put is found using the equation 


Vo = VREF' (R2 + 1) 
R1 
(1) 


where Vo is the desired output voltage. The actual value of 
the internal VREFis a function of Yo. The "corrected" VREF 
is determined by 


VREF' = Vo (t:.vREF/t.Vo) + Vy 
(2) 
where Vo is the desired output voltage. t.VREFIt.Vo is 
found 
in the 
Electrical Characteristics and 
it typically 


-1.3 mVIV and Vy is equal to 1.240V. Replace the value of 
VREF' in equation (1) with the value found using equation 
(2). 


Note that the actual output voltage can deviate from that 
predicted using the typical t.VREF/t.Vo in equation (2): for 
C-grade parts, the worst-case t.VREF/t.VO is -2.5 
mVIV 


and Vy 
= 
1.246V. For D-grade parts, the worst-case 
t.VREF/t.Vo is -3.0 
mVIV and Vy = 1.248V. 


The following example shows the difference in output volt- 
age resulting from the typical and worst case values of 
t.VREF/t.Vo. Let Vo = +9V. Using the typical value of 
t.VREFIt.Vo, 
VREF is 
1.228V. 
Choosing 
a 
value 
of 


R1 = 
10 kO, R2 = 63.272 kO. Using the worst case 
t.VREFIt.VO for the C-grade and D-grade parts, the output 
voltage is actually 8.965V and 8.946V, respectively. This re- 
sults in possible errors as large as 0.39% for the C-grade 
parts and 0.59% for the D-grade parts. Once again, resistor 
values found using the typical value of t.VREF/t.Vo 
will 


work in most cases, requiring no further adjustment. 


TL/H111392-34 


FIGURE 
2. Adjustable 
Shunt Regulator 
II 


.•.. 
~ 
~ 
Typical Applications 
(Continued) 


:E 
....I 


FIGURE 3. Bounded amplifier reduces saturation-Induced 
delays and can prevent succeeding stage damage. 


Nominal clamping voltage Is ±Vo (LM4041's reverse breakdown voltage) +2 diode VF' 
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FIGURE 4. Voltage Level Detector 


FIGURE 6. Fast Positive Clamp 
2.4V + lJ.V01 
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FIGURE 5. Voltage Level Detector 
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FIGURE 7. Bidirectional 
Clamp ±2.4V 
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TL/H/11392-35 
FIGURE 
7. Bidirectional 
Adjustable 
Clamp 
± 18V to ± 2.4V 


TLiH/11392-36 


FIGURE 
8. Bidirectional 
Adjustable 
Clamp 
± 2.4V to ± 6V 
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FIGURE 
10. Current 
Source 
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FIGURE 
11. Precision 
Floating 
Current 
Detector 


'01 
can be any LED, VF ~ 1.5V to 2.2V at 3 mA. 01 may act as an 


indicator. 
01 will be on n ITHRESHOLDfalls below the threshold 
current, 
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FIGURE 
13. Precision 
1 IJ-Ato 1 mA Current 
Sources 


t!JNational 
Semiconductor 


LM4431 
Micropower Shunt Voltage Reference 


General Description 


Ideal for space 
critical 
applications, 
the LM4431 
voltage 
ref- 
erence 
is available 
in the 
sub-miniature 
(3 mm x 1.3 mm) 
SOT-23 
surface-mount 
package. 
The 
LM4431's 
advanced 
design 
eliminates 
the need for an external 
stabilizing 
capac- 
itor while 
ensuring 
stability 
with 
any capacitive 
load, 
thus 
making 
the 
LM4431 
easy 
to 
use. 
The 
operating 
current 
range 
is 100 ",A to 15 mA. 


The LM4431 
utilizes fuse and zener-zap 
reverse 
breakdown 
voltage 
trim during wafer 
sort to ensure 
that the parts have 
an accuracy 
of better 
than 
±2.0% 
at 25°C. Bandgap 
refer- 
ence temperature 
drift curvature 
correction 
and low dynam- 
ic impedance 
ensure 
stable 
reverse 
breakdown 
voltage 
ac- 
curacy 
over 
a wide 
range 
of operating 
temperatures 
and 
currents. 


Features 


• 
Small 
package: 
SOT-23 


• 
No output 
capacitor 
reqUired 


• 
Tolerates 
capacitive 
loads 


• 
Fixed reverse 
breakdown 
voltage 
of 2.50V 


Key Specifications 


• 
Output 
voltage 
tolerance 
25°C 


• 
Low output 
noise 
(10 Hz to 10 kHz) 


• 
Wide 
operating 
current 
range 


• 
Commercial 
temperature 
range 


• 
Low temperature 
coefficient 


±2.0% 
(max) 


35 ",Vrms (typ) 


100 ",A to 15 mA 


O°C to 
+70°C 


30 ppm/"C 
(typ) 


Applications 


• 
Portable, 
Battery-Powered 
Equipment 


• 
Data Acquisition 
Systems 


• 
Instrumentation 


• 
Process 
Control 


• 
Energy 
Management 


• 
Product 
Testing 


• 
Power 
Supplies 


TLlH/1,374-1 


·This pin must be left floating or connected 
to pin 3. 
Top View 


Order 
Number 
LM4431 M3-2.5 
See NS Package 
Number 
M03B 
(JEDEC 
Registration 
TO-236AB) 


SOT-23 Package Marking Information 


Only three fields 
of marking 
are possible 
on the SOT-23's 
small surface. 
The following 
table gives the meaning 
of the three 
fields. 


Part Marking 
Field 
Definition 


S2E 
First Field: 


S = Reference 


Second 
Field: 


2 = 2.500V Voltage 
Option 


Third Field: 


E = Initial Reverse 
Breakdown 
Voltage 
Tolerance 
of ±2.0% 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
ESD Susceptibility 


please 
contact 
the 
National 
Semiconductor 
Sales 
Human 
Body Model (Note 3) 
2 kV 


Office/Distributors 
for 
availability 
and 
specifications. 
Machine 
Model (Note 3) 
200V 


Reverse 
Current 
20mA 
See AN-450 
"Surface 
Mounting 
Methods 
and Their 
Effect 


Forward 
Current 
10mA 
on Product 
Reliability" 
for other 
methods 
of soldering 
sur- 


Power 
Dissipation 
(TA = 25'C) 
(Note 2) 
face mount 
devices. 


M3 Package 
306mW 
Operating Ratings 
(Notes 
1 & 2) 
Storage 
Temperature 
-65'Cto 
+ 150'C 


Lead Temperature 
Temperature 
Range 


M3 Package 
(T min 
S; TA S; T maxl 
O'C S; TA S; + 70'C 


Vapor phase (60 seconds) 
+215'C 
Reverse 
Current 


Infrared 
(15 seconds) 
+ 220'C 
LM4431-2.5 
100,...A to 15 mA 


LM4431-2,5 


Electrical Characteristics 
Boldface 
limits 
apply 
for 
TA = TJ = TMIN to TMAX; all other 
limits TA = TJ = 25'C. 


Typical 
LM4431M3 
Units 
Symbol 
Parameter 
Conditions 
(Note 
4) 
Limits 
(Limit) 
(Note 
5) 


VR 
Reverse 
Breakdown 
Voltage 
IR = 100,...A 
2.500 
V 


Reverse 
Breakdown 
Voltage 
IR = 100,...A 
±50 
mV(max) 


Tolerance 


IRMIN 
Minimum 
Operating 
Current 
45 
,...A 


100 
,...A(max) 


,WR/~T 
Average 
Reverse 
Breakdown 
IR = 10mA 
±30 
ppml'C 


Voltage 
Temperature 
IR = 1 mA 
±30 
ppml'C 


Coefficient 
IR = 100,...A 
±30 
ppml'C 


~VR/~IR 
Reverse 
Breakdown 
Voltage 
IRMIN S; IR S; 1 mA 
0.4 
mV 


Change 
with Operating 
1.0 
mV(max) 


Current 
Change 
1.2 
mV(max) 


1 mA S; IR S; 15 mA 
2.5 
mV 


8.0 
mV(max) 


25 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA. f = 120 Hz 
1.0 
n 


lAC = 0.1 IR 


eN 
Wideband 
Noise 
IR = 100,...A 
35 
""Vrms 
10 Hz S; f S; 10kHz 


~VR 
Reverse 
Breakdown 
Voltage 
t = 1000hrs 
Long Term Stability 
T = 25'C 
±0.1'C 
120 
ppm 


IR = 100,...A 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional. 
but do not guarantee specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated 
under the listed test 
conditions. 


Note 2: The maximum power dissipation 
must be derated at elevated 
temperatures 
and is dictated 
by TJmax (maximum junction 
temperature), 
8JA (junction to 
ambient thermal resistance), 
and TA (ambient temperature). 
The maximum allowable 
power dissipation 
at any temperature 
is PDmax = (TJmax - 
TpJ/8JA or the 
number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. For the lM4431, 
TJmax = 
125°C, and the typical thermal 
resistance 
(8JpJ, when board 
mounted, 
is 326"C/W 
for the SOT-23 
package. 


Note 3: The human body model is a 100 pF capacitor discharged 
through a 1.5 kO resistor into each pin. The machine model is a 200 pF capacitor 
discharged 
directly into each pin. 


Note 4: Typicals are at TJ = 25°C and represent 
most likely parametric 
norm. 


Note 5: limits 
are 100% production 
tested at 25°C. limits 
over temperature 
are guaranteed 
through correlation 
using Statistical 
Quality Control (sac) methods. 


The limits are used to calculate 
National's 
AOOl. 


Typical Performance Characteristics 
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Reverse Characteristics 
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Applications 
Information 
The LM4431 is a micro-power curvature-corrected 2.5V 
bandgap shunt voltage reference. For space critical applica- 
tions, the LM4431 is available in the sub-miniature sOT-23 
surface-mount package. The LM4431 has been designed 
for stable operation without the need of an external capaci- 
tor connected between the" +.. pin and the" -" 
pin. If, 
however, a bypass capacitor is used, the LM4431 remains 
stable. The operating current range is 100 p.Ato 15 mA. 


The LM4431's sOT-23 package has a parasitic Schottky 
diode between pin 3 (-) 
and pin 1 (Die attach interlace 


contact). Therefore, pin 1 of the sOT-23 package must be 
left floating or connected to pin 3. 
In a conventional shunt regulator application (Figure 
1), an 


external series resistor (Rs) is connected between the sup- 
ply voltage and the LM4431. Rs determines the current that 
flows through the load (Ill and the LM4431 (10)' Since load 
current and supply voltage may vary, Rs should be small 
enough to supply at least the minimum acceptable 10 to the 
LM4431 even when the supply voltage is at its minimum and 
the load current is at its maximum value. When the supply 
voltage is at its maximum and IL is at its minimum, Rs 


should be large enough so that the current flowing through 
the LM4431 is less than 15 mA. 


Rs is determined by the supply VOltage,(Vs), the load and 
operating current, (IL and 10), and the LM4431's reverse 
breakdown voltage, VR. 


Vs - VR 
Rs=--- 
IL + 10 


TL/H/11374-9 


FIGURE 
1. Shunt RegUlator 


TL/H/11374-10 
FIGURE 2. Bounded amplifier reduces saturation-Induced 
delays and can prevent succeeding stage damage. 
Nominal clamping voltage Is ± 3.9V (LM4431's reverse breakdown voltage +2 diode VF)' 
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TLIH/11374-11 
FIGURE 3. Protecting Op Amp Input. The bounding voltage Is ± 4V with the LM4431 
(LM4431's reverse breakdown voltage + 3 diode VF). 
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LM9140 
Precision Micropower Shunt Voltage Reference 


General Description 
The LM9140's reverse breakdown voltage temperature co- 
efficients of ± 25 ppm/'C 
are ideal for precision applica- 


tions. The LM9140's advanced design eliminates the need 
for an external stabilizing capacitor while ensuring stability 
with any capacitive load, thus making the LM9140 easy to 
use. Further reducing design effort is the availability of sev- 
eral fixed reverse breakdown voltages: 2.500V, 4.096V, 
5.000V, and 10.000V. The minimum operating current in- 
creases from 60 /LA for the LM9140-2.5 to 100 /LA for the 
LM9140-10.0. All versions have a maximum operating cur- 
rent of 15 mA. 


The LM9140 utilizes fuse and zener-zap reverse breakdown 
voltage trim during wafer sort to ensure that the prime parts 
have an accuracy of better than ±0.5% (B grade) at 25'C. 
Bandgap reference temperature drift curvature correction 
and low dynamic impedance ensure stable reverse break- 
down voltage accuracy over a wide range of operating tem- 
peratures and currents. 


Features 
• 
Guaranteed temperature coefficient of ± 25 ppm/'C 


• 
Reverse breakdown voltage tolerance of ±0.5% 


• 
Small package: TO-92 


• 
No output capacitor required 
• 
Tolerates capacitive loads 
• 
Fixed reverse breakdown voltages of 2.500V, 4.096V, 
5.000V, and 10.000V 


Key Specifications 
(LM9140-2.5) 
• 
Temperature coefficient 
±25 ppm/'C (max) 


• 
Output voltage tolerance 
±0.5% (max) 


• 
Low output noise (10 Hz to 10 kHz) 
35 /LVrms(typ) 


• 
Wide operating current range 
60 /LA to 15 mA 


• 
Industrial temperature range 
-40'C 
to +85'C 


Applications 
• 
Portable, Battery-Powered Equipment 
• 
Data Acquisition Systems 
• 
Instrumentation 
• 
Process Control 
• 
Energy Management 
• 
Product Testing 
• 
Automotive 
• 
Precision Audio Components 


TO-92 


He 
+ 


~ 


Bottom 
View 


See NS Package 
Number 
Z03A 


Reverse 
Breakdown 


Voltage 
Tolerance 
at 25'C 
Z(TO-92) 
and Average 
Reverse 
Breakdown 


Voltage 
Temperature 
Coefficient 


0.5%, 25 ppm/'C max 
LM9140BYZ-2.5, 
LM9140BYZ-4.1, 
LM9140BYZ-5.0, 
LM9140BYZ-10.0 


please 
contact 
the 
National 
Semiconductor 
Sales 
Human Boddy Mode (Note 3) 
2 kV 
Office/Distributors 
for 
availability 
and 
specifications. 
Machine 
Model (Note 3) 
200V 
Reverse 
Current 
20mA 


Forward 
Current 
10mA 
Operating Ratings 
(Notes 
1 and 2) 


Power 
Dissipation 
(TA = 25"C (Note 2) 
Temperature 
Range 


Z Package 
550mW 
(Tmin ,;; TA ,;; Tmaxl 
-40"C';; 
TA';; 
+85"C 


Storage 
Temperature 
- 65"C to + 150"C 
Reverse 
Current 


Lead Temperature 
LM9140-2.5 
60 /LA to 15 mA 


Z Package 
LM9140-4.1 
68 /LA to 15 mA 
Soldering 
(10 seconds) 
+ 260"C 
LM9140-5.0 
74p.A 
to 15 mA 
LM9140-10.0 
100 /LA to 15 mA 


LM9140BYZ-2.5 


Electrical Characteristics 
Boldface 
limits 
apply 
for 
TA = T" = TMIN to TMAX; all other 
limits TA = TJ = 25"C 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
4) 
(Note 
5) 
(Limit) 


VR 
Reverse 
Breakdown 
Voltage 
fR = 100/LA 
2.500 
V 


Reverse 
Breakdown 
Voltage 
IR = 100/LA 
±12.5 
mV(max) 


Tolerance 
(Note 6) 
±16.6 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
45 
/LA 


60 
/LA (max) 


65 
/LA (max) 


,WR/t.T 
Average 
Reverse 
Breakdown 
IR = 10mA 
±10 
ppml"C 


Voltage 
Temperature 
IR = 1 mA 
±10 
±25 
ppml"C 
(max) 


Coefficient 
(Note 7) 
IR = 100 /LA 
±10 
ppml"C 


t. VR/ t.IR 
Reverse 
Breakdown 
Voltage 
IRMIN ,;; IR ,;; 1 mA 
0.3 
mV 


Change 
with Operating 
0.8 
mV(max) 


Current Change 
1.0 
mV(max) 


1 mA,;; 
IR ,;; 15 mA 
2.5 
mV 


6.0 
mV(max) 


8.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA,f = 120Hz, 
0.3 
n 


lAC = 0.11R 
0.8 
n(max) 


eN 
Wideband 
Noise 
IR = 100 /LA 
35 
/LVrms 
10Hz,;; 
f ,;; 10 kHz 


t.VR 
Reverse 
Breakdown 
Voltage 
t = 1000 hrs 


Long Term Stability 
T = 25"C 
±0.1"C 
120 
ppm 


IR = 100 /LA 
c 


LM9140BYZ-4.1 


Electrical Characteristics 
Boldface 
limit. apply for TA = T•• = TIlIN to TIIAX; 
all other 
limits TA = TJ = 25"C 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
4) 
(Note 
5) 
(Limit) 


VR 
Reverse 
Breakdown 
Volfage 
IR = 100/LA 
4.096 
V 


Reverse 
Breakdown 
Voltage 
IR = 100 /LA 
±20.5 
mV(max) 


Tolerance 
(Note 6) 
±27.1 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
50 
/LA 
68 
/LA (max) 


73 
/LA (max) 


/!>.VR//!>.T 
Average 
Reverse 
Breakdown 
IR = 10mA 
±10 
ppml"C 


Voltage 
Temperature 
IR = 1 mA 
±10 
±25 
ppml"C 
(max) 


Coefficient 
(Note 7) 
IR = 100/LA 
±10 
ppml"C 


/!>.VR//!>.IR 
Reverse 
Breakdown 
Voltage 
IRMIN ,;; IR ,;; 1 mA 
0.5 
mV 


Change 
with Operating 
0.9 
mV(max) 


Current 
Change 
1.2 
mV(max) 


1 mA ,;; IR ,;; 15 mA 
3.0 
mV 


7.0 
mV(max) 


10.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA, f = 120 Hz, 
0.5 
0 


lAC = O.lIR 
1.0 
O(max) 


eN 
Wideband 
Noise 
IR = 100/LA 
80 
/LVrms 
10Hz,;; 
f,;; 
10kHz 


/!>.VR 
Reverse 
Breakdown 
Voltage 
t = 1000 hrs 


Long Term Stability 
T = 25"C 
±O.l"C 
120 
ppm 


IR = 100/LA 


LM9140BYZ-5.0 


Electrical Characteristics 
Boldface 
limits apply for Ta = T•• = TMIN to TMAX; all other 
limits TA = TJ = 25·C 


Symbol 
Parameter 
Condition. 
Typical 
Umlta 
Unit. 
(Note 4) 
(Note 5) 
(Umlt) 


VR 
Reverse 
Breakdown 
Voltage 
IR = 100 ",A 
5.000 
V 


Reverse 
Breakdown 
Voltage 
IR = 100 ",A 
, 
±25.0 
mV(max) 


Tolerance 
(Note 6) 
±33.1 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
55 
",A 


74 
",A (max) 


80 
",A (max) 


.:I.VR/.:I.T 
Average 
Reverse 
Breakdown 
IR = 10mA 
±10 
ppmrc 


Voltage 
Temperature 
IR = 1 mA 
±10 
±25 
ppmrC(max) 


Coefficient 
(Note 7) 
IR = 100 ",A 
±10 
ppmrc 


.:I.VR/.:I.IR 
Reverse 
Breakdown 
Voltage 
IRMIN ~ IR s; 1 mA 
0.5 
mV 


Change 
with Operating 
1.0 
mV(max) 


Current 
Change 
1.4 
mV(max) 


1 mA s; IR s; 15 mA 
3.5 
mV 


8.0 
mV(max) 


12.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA.f = 120Hz, 
0.5 
0 


lAC = 0.1 IR 
1.1 
O(max) 


eN 
Wideband 
Noise 
IR = 100 ",A 
80 
",Vrms 
10Hz 
~ f ~ 10kHz 


.:I.VR 
Reverse 
Breakdown 
Voltage 
t = 1000 hrs 


Long Term Stability 
T = 25'C 
±O.l·C 
120 
ppm 


IR = 100 ",A 


LM9140BYZ-10.0 


Electrical Characteristics 
Boldface 
limits 
apply 
for 
T A = T•• = TIlIN 
to 
TIIAX; 
all other 
limits TA = TJ = 25°C 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
4) 
(Note 
5) 
(Limit) 


VR 
Reverse 
Breakdown 
Voltage 
IR = 150 /LA 
10.00 
V 


Reverse 
Breakdown 
Voltage 
IR = 100 /LA 
±50.0 
mV(max) 


Tolerance 
(Note 6) 
±66.3 
mV(max) 


IRMIN 
Minimum 
Operating 
Current 
75 
/LA 
100 
/LA (max) 


103 
/LA (max) 


AVRnT 
Average 
Reverse 
Breakdown 
IR = 10mA 
±10 
ppm/"C 


Voltage 
Temperature 
IR = 1 mA 
±10 
±25 
ppm/"C 
(max) 


Coefficient 
(Note 7) 
IR = 150 /LA 
±10 
ppm/"C 


AVR/AIR 
Reverse 
Breakdown 
Voltage 
IRMIN ,;; IR ,;; 1 mA 
0.8 
mV 


Change 
with Operating 
1.6 
mV(max) 


Current 
Change 
3.5 
mV(max) 


1 mA,;; 
IR ,;; 15 mA 
8.0 
mV 


12.0 
mV(max) 


23.0 
mV(max) 


ZR 
Reverse 
Dynamic 
Impedance 
IR = 1 mA,f = 120Hz, 
0.7 
fi 


lAC = O.lIR 
1.7 
fi(max) 


eN 
Wideband 
Noise 
IR = 150/LA 
180 
/LVrms 
10Hz,;; 
f,;; 
10kHz 
" 


AVR 
Reverse 
Breakdown 
Voltage 
t = 1000 hrs 


Long Term Stability 
T = 25°C ±O.l°C 
120 
ppm 


IR = 150 /LA 


Note 
1: Absolute 
Maximum 
Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional. 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditk>ns, see the Electrical Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some 
performance 
characteristics 
may degrade when the device is not operated 
under the listed test conditions. 


Note 2: The maximum 
power dissipation 
must be derated at elevated temperatures 
and is dictated 
by TJmax (maximum junction 
temperature), 
9JA ijunction 
to 
ambient thermal resistance), 
and TA (ambient temperature). 
The maximum allowable power dissipation at any temperature 
is PDMAX = (TJmax - 
TA>16JA or the 
number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. For the LM9140, 
TJmax = 125°C, and the typcial thermal 
resistance 
(6JA>, when board 
mounted, 
is 170"C/W 
with 0.125" 
lead length for the TO-92 package. 


Note 3: The human body model is a 100 pF capacitor 
discharged 
through a 1.5 kfi 
resistor into each pin. The machine mode is a 200 pF capacitor 
discharged 
directty into each pin. 


Note 4: Typicals are at TJ = 25°C and represent 
most likely parametric 
norm. 


Note 5: Limits are 100% production 
tested at 25°C. Limits over temperature 
are guaranteed 
through correlation 
using Statistical 
Quality Control (SQC) methods. 
The limits are used to calculate 
National's 
AOQL. 


Note 6: The boldface (over-temperature) 
limit for Reverse Breakdown Voltage Tolerance is defined as a room termperature 
Reverse Breakdown Voltage Tolerance 


± [dVA/dn 
(65°C) (VA)] . .6.VA/.6.T is the VR temperature 
coefficent, 
65°C is the temperature 
range from -4O"'C to the reference 
point of 2S·C, and VA is the 
reverse breakdown 
voltage. The total over-temperature 
tolerance 
for the different 
grades is shown below: 


B-grade: 
±0.66% 
~ 
±0.5% 
±25 
ppmrC 
x 65"C 


Therefore, 
as an example, the a-grade 
LM9140-2.5 
has an over-temperature 
Reverse Breakdown 
Voltage tolerance 
of ±2.5V 
x 0.66% 
= ±16.6 
mV. 


Note 7: The average temperature 
coefficient 
is defined as the maximum deviation of reference voltage at all measured temperatures 
between the operating TMAX 


and TMIN, divided by TMAX - 
TMIN. The measured temperatures 
are - 55"C, - 40"C, O"C, 25"C, 70"C, 85'C and 125·C. 
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Applications 
Information 


The LM9140 is a precision micro-power curvature-corrected 
bandgap shunt voltage reference. The LM9140 has been 
designed for stable operation without the need of an exter- 
nal capacitor connected between the" +..pin and the" - " 
pin. If, however, a bypass capacitor is used, the LM9140 
remains stable. Aeducing design effort is the availability of 
several fixed reverse breakdown voltages: 2.500V, 4.096V, 
5.000V, and 10.000V. The minimum operating current in- 
creases from 60 ",A for the LM9140-2.5 to 100 ",A for the 
LM9140-10.0. All versions have a maximum operating cur- 
rent of 15 mA. 


The 4.096V version allows single +5V 12-bit ADCs or 
DACs to operate with an LSB equal to 1 mY. For 12-bit 
ADCs or DACs that operate on supplies of 10V or greater, 
the 8.192V version gives 2 mV per LSB. 
In a conventional shunt regulator application (Figure 
1), an 


external series resistor (As) is connected between the sup- 
ply voltage and the LM9140. As determines the current that 
flows through the load (ILJand the LM9140 (10)' Since load 
current and supply voltage may vary, As should be small . 
enough to supply at least the minimum acceptable IQto the 
LM9140 even when the supply voltage is at its minimum and 
the load current is at its maximum value. When the supply 


voltage is at its maximum and IL is at its minimum, As 
should be large enough so that the current flowing through 
the LM9140 is less than 15 mA. 


As is determined by the supply voltage, (Vs), the load and 
operating current, (IL and 10), and the LM9140's reverse 
breakdown voltage, YR. 


As = Vs - VR 


IL + 10 


TUH/11393-20 


FIGURE 
1. Shunt Regulator 
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Temperature 
Sensor 
Selection Guide 


Part 
Temp. Range 
'Accuracy 


LM34A 
-50'Ftc 
+300'F 
±2.0'F 
LM34 
') 
-50'Fto 
+300'F 
±3.0'F 
LM34CA 
-40'Fto 
+230'F 
±2.0'F 
LM34C 
-40'F 
to + 230'F 
±3.O'F 
LM34D 
+32"Fto 
+212"F 
±4.O'F 


LM35A 
- 55'C to + 150'C 
±1.0'C 
LM35 
- 55'C to + 150'C 
± 1.5'C 


LM35CA 
~40'C to + 110'C 
± 1.0'C 
LM35C 
~40'C to + 110'C 
±1.5'C 
LM35D 
O'C to + 100'C 
±2.0'C 


LM45B 
- 20'C to + 100'C 
±2.0'C 


LM45C 
-20'C 
to + 100'C 
±3.0'C 


LM134-3 
-55'C 
to + 125'C 
±3.0'C 


LM134-6 
- 55'C to + 125'C 
±6.0'C 


LM234-3 
-25'C 
to + 100'C 
±3.0'C 
LM234-6 
- 25'C to + 100'C 
±6.0'C 


LM334 
O'Cto +70'C 
±6.0'C 


LM135A 
- 55'C to + 150'C 
±1.3'C 


LM135t 
- 55'C to + 150'C 
±2.0'C 
LM235A 
- 40'C to + 125'C 
±1.3'C 
LM235 
- 40'C to + 125'C 
±2.0'C 


LM335A 
-40'C 
to + 100'C 
±2.0'C 


LM335 
-40'C 
to + 100'C 
±4.0'C 


Output 
Scale 


10 mV/'F 
10 mV/'F 
10 mV/'F 
10 mV/'F 
10 mV/'F 


10 mV/'C 
10 mV/'C 
10mV/,C 
10 mV/'C 
10 mV/'C 


10 mV/'C 
10 mV/'C 


ISET ex: 'K 


ISET ex: 'K 


ISET ex: 'K 


ISET ex: 'K 


ISET ex: 'K 


10 mV/'K 
10 mV/'K 
10 mV/'K 
10mV/'K 
10mV/'K 
10 mV/'K 


·Note: Accuracy is measured over T(Min) to T(Max) uncalibrated 


Note: The LM134/234/334 
3·Terminal Adjustable current sources Datasheet can be found in Section 4. 


tHote: 
Military screening 
available 


t!JNational 
Semiconductor 


LM34/LM34A/LM34C/LM34CA/LM34D 
Precision Fahrenheit Temperature 
Sensors 


General Description 


The 
LM34 
series 
are precision 
integrated-circuit 
tempera- 


ture sensors, 
whose 
output voltage 
is linearly proportional 
to 


the Fahrenheit 
temperature. 
The LM34 thus has an advan- 


tage 
over linear temperature 
sensors 
calibrated 
in degrees 


Kelvin, 
as the user is not required 
to subtract 
a large con- 


stant 
voltage 
from 
its output 
to obtain 
convenient 
Fahren- 


heit scaling. 
The 
LM34 
does 
not require 
any external 
cali- 


bration 
or trimming 
to provide 
typical 
accuracies 
of ± %'F 
at 


room temperature 
and 
± 1%'F 
over a full 
-50 
to 
+300'F 


temperature 
range. 
Low 
cost 
is assured 
by trimming 
and 


calibration 
at the wafer level. The LM34's 
low output 
imped- 


ance, 
linear 
output, 
and 
precise 
inherent 
calibration 
make 


interfacing 
to readout 
or control 
circuitry 
especially 
easy. 
It 


can 
be used 
with 
single 
power 
supplies 
or with 
plus 
and 


minus supplies. 
As it draws only 75 ,..A from its supply, it has 


very low self-heating, 
less than 0.2'F 
in still air. The LM34 is 


rated 
to 
operate 
over 
a 
-50' 
to 
+300'F 
temperature 


range, 
while 
the 
LM34C 
is rated 
for 
a 
-40' 
to 
+ 230'F 


range 
(O'F with 
improved 
accuracy). 
The 
LM34 
series 
is 


available 
packaged 
in hermetic 
TO-46 
transistor 
packages, 


Connection 
Diagrams 


TO-46 


Metal 
Can Package' 


while the LM34C, 
LM34CA 
and LM34D 
are also available 
in 


the 
plastic 
TO-92 
transistor 
package. 
The 
LM34D 
is also 


available 
in an 8-lead 
surface 
mount 
small outline 
package. 


The LM34 
is a complement 
to the LM35 
(Centigrade) 
tem- 


perature 
sensor. 


Features 


• 
Calibrated 
directly 
in degrees 
Fahrenheit 


• 
Linear 
+ 10.0 mV I'F 
scale 
factor 


• 
1.0'F 
accuracy 
guaranteed 
(at + 77"F) 


• 
Rated 
for full 
-50' 
to 
+300'F 
range 


• 
Suitable 
for remote 
applications 


• 
Low cost 
due to wafer-level 
trimming 


• 
Operates 
from 
5 to 30 volts 


• 
Less than 
90 ,..A current 
drain 


• 
Low self-heating, 
0.18'F 
in still air 


• 
Nonlinearity 
only 
±0.5'F 
typical 


• 
Low-impedance 
output, 
0.40 
for 1 mA load 


To-92 
Plastic 
Package 
50-8 


Small 
Outline 
Molded 
Package 


VOUTOs 
+VS 


N.C. 
2 
7 
N.C. 


N.C. 
3 
6 
N.C. 


GND. 
5 
N.C. 


TUH/6685-20 


TLiH/6685-1 


'Case is connectad 
to nagativa pin (GND). 
Order 
Numbers 
LM34H, 
LM34AH, 
LM34CH, 
LM34CAH 
or LM34DH 


See NS Package 
Number 
H03H 


TL/H/6685-2 


Order 
Number 
LM34CZ, 
LM34CAZ 
or LM34DZ 
See NS Package 
Number 
Z03A 
Top View 


N.C. - 
No Connection 


Order 
Number 
LM34DM 
See NS Package 
Number 
MOIA 


+VS 


IHVTO 
+ZOV)$- 
u.,., 


FIGURE 
1. Ba,lc 
Fahrenheit 
Temperature 
Sensor 


(+5" to +3OO'F) 


CHOOSE RT = (- Vsl/50 
p.A 


Your = + 3,000 mY AT + 300'F 


= +7S0 mV AT +7S'F 
•• - SOOmV AT - SO'F 


TUH/6685-4 


FIGURE 
2. FUll-Range 
Fahrenheit 
Temperature 
sensor 


Absolute Maximum Ratings 
(Note 10) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Lead Temp. 


please 
contact 
the 
National 
Semiconductor 
Sales 
TO-46 
Package 
(Soldering, 
10 seconds) 
+ 300°C 


Office/Distributors 
for 
availability 
and 
specifications. 
TO-92 
Package 
(Soldering, 
10 seconds) 
+ 260°C 


Supply Voltage 
+35Vto 
-0.2V 
SO Package 
(Note 
12): 


Output Voltage 
+6Vto 
-1.0V 
Vapor Phase (60 seconds) 
215°C 


Output 
Current 
10mA 
Infrared 
(15 seconds) 
220°C 


Storage 
Temperature, 
Specified 
Operating 
Temp. 
Range 
(Note 2) 


T0-46 
Package 
- 76"F to + 356"F 
TMIN to TMAX 


TO-92 
Package 
-76"Fto 
+3000F 
LM34, LM34A 
-500Fto 
+3000F 


50-8 
Package 
- 65°C to + 1500C 
LM34C, 
LM34CA 
-40°F 
to + 230°F 


ESO Susceptibility 
(Note 11) 
800V 
LM340 
+32"Fto 
+212"F 


DC Electrical Characteristics 
(Note 1, Note 
6) 


LM34A 
L"'34CA 


Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 
Typical 
Limit 
Limit 
Typical 
Limit 
Limit 
(Max) 
(Note 
4) 
(Note 
5) 
(Note 
4) 
(Note 
5) 


Accuracy 
(Note 7) 
TA = +7JOF 
±0.4 
±1.0 
±0.4 
± 1.0 
OF 


TA = O°F 
±0.6 
±0.6 
±2.0 
OF 


TA = TMAX 
±0.8 
±2.0 
±0.8 
, ±2.0 
OF 


TA = TMIN 
±0.8 
±2.0 
±0.8 
±3.0 
OF 


Nonlinearity 
(Note 8) 
TMIN S; TA s; TMAX 
±0.35 
±0.7 
±0.30 
±0.6 
OF 


Sensor 
Gain 
TMIN s; TA s; TMAX 
+10.0 
+11.11, 
+10.0 
+9.9, 
mVI"F, 
min 
(Average 
Slope) 
+ 10.1 
+ 10.1 
mVI"F, 
max 


Load Regulation 
TA = +7JOF 
±0.4 
±1.0 
±0.4 
±1.0 
mV/mA 
(Note 3) 
TMIN s; TA s; TMAX 
±0.5 
±3.0 
±0.5 
±3.0 
mV/mA 


Os; 
IL s; 1 mA 


Line Regulation 
(Note 3) 
TA = +7JOF 
±0.01 
±0.05 
±0.01 
±0.05 
mVIV 
5V s; Vs s; 30V 
±0.02 
±O.1 
±0.02 
±O.1 
mVIV 


Quiescent 
Current 
Vs = +5V, 
+7JOF 
75 
90 
75 
90 
IJ-A 


(Note 9) 
Vs = +5V 
131 
160 
116 
1311 
IJ-A 
Vs = +30V, 
+7JOF 
76 
92 
76 
92 
IJ-A 


Vs = +30V 
132 
163 
117 
142 
IJ-A 


Change 
of Quiescent 
4V s; Vs s; 30V, + 7JOF 
+0.5 
2.0 
0.5 
2.0 
IJ-A 
Current 
(Note 3) 
5V S; Vs S; 30V 
+1.0 
3.0 
1.0 
3.0 
IJ-A 


Temperature 
Coefficient 
+0.30 
+0.5 
+0.30 
+0.5 
IJ-AloF 
of Quiescent 
Current 


Minimum 
Temperature 
In circuit of Figure 1, 
+3.0 
+5.0 
+3.0 
+5.0 
OF 
for Rated Accuracy 
IL = 0 


Long-Term 
Stability 
Tj = TMAX for 1000 hours 
±0.16 
±0.16 
OF 


Note 1: Unlessotherwisenoted,these specificationsapply: -SO'F ,. Ti ,. + 300'F for the LM34and LM34A; -40'F 
,. Tj ,. +230'F for the LM34Cand 


LM34CA;and + 32"F ,. TJ,. + 212"Ffor the LM34D.Vs ~ + 5 Vdcand ILOAO = 50 p.Ainthe circuitof Figure 2; + 6 Vdcfor LM34andLM34Afor 230'F ,. Tj ,. 
300'F. Thesespecificationsalso applyfrom + S'F to TMAX in the circuitof Figure I. 


Note 2: Thermal 
resistance 
of the T0-46 
package 
is 7200F/W 
junction 
to ambient 
and 43°F/W 
junction 
to case. Thermal 
resistance 
of the TO-92 package 
is 
324°F/W 
junction to ambient. Thermal resistance 
of the small outline molded package is 4O<rF/W junction to ambient. For additional 
thermal resistance 
informa- 


tion see table in the Typical Applications 
section. 


Note 3: RegUlation is measured 
at constant 
junction 
temperature 
using pulse testing with a low duty cycle. Changes 
in output due to heating effects 
can be 
computed 
by multiplying the internal dissipation 
by the thermal resistance. 


Note 4: Tested limits are guaranteed 
and 100% tested in production. 


Note 5: Design limits are guaranteed 
(but not 100% production 
tested) over the indicated temperature 
and supply voltage ranges. These limits are not used to 
calculate 
outgoing qualrty levels. 


Note 6: Specificationin BOLDFACETYPEapplyoverthe full ratedtemperaturerange. 


Not. 7: Accuracy is defined as the error between the output voltage and 10 mV/OF times the device's case temperature 
at specifted conditions 
of voltage, current, 


and temperature(expressedin 'F). 


Note I: Nonlinearity 
Is defined as the deviation of the output-vottage-versus-temperature 
curve from the best-fit straight line over the device's 
rated temperature 


reoge. 
Not. 9: Quiescent 
current is defined in the circuit of Figure t. 


Note 10: Absolute 
Maximum 
Ratings indicate 
limits beyond which damage 
to the device 
may occur. DC and AC electricalspecificationsdo not apply when 


operatingthe devicebeyondits ratedoperatingconditions(seeNote 1). 
Nota 11:Humanbody model,100pF dischargedthrougha 1.5kfi resistor. 
Note 12: Sea AN-450 "Surfece MountingMethodsand Their Effect on ProductReliability"or the sectionliUed "Surface Mount" found in a current National 
Semk:onductorLinMr DataBool<for other methodsof solderingsurfacemountdevices. 


DC Electrical Characteristics 
(Note 1, Note 6) (Continued) 


LM34C, LM34D 
... 


LM34 


Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 
Typical 
Limit 
Limit 
Typical 
Limit 
Limit 
(Max) 
(Note 4) 
(NoteS) 
(Note 4) 
(NoteS) 


Accuracy, LM34, LM34C 
TA = +77"F 
±0.6 
±2.0 
±0.6 
±2.0 
of 


(Note 7) 
TA = O°F 
±1.0 
± 1.0 
±3.0 
of 


TA = TMAX 
±1.6 
±3.0 
±1.6 
±3.0 
of 


TA = TMIN 
±1.6 
±3.0 
±1.6 
±4.0 
of 


Accuracy, LM34D 
TA = +77°F 
±1.2 
±3.0 
of 


(Note 7) 
TA = TMAX 
± 1.6 
±4.0 
of 


TA = TMIN 
±1.6 
±4.0 
of 


Nonlinearity (Note 6) 
TMIN,,;;TA ,,;;TMAX 
±0.8 
± 1.0 
±0.4 
±1.0 
of 


Sensor Gain 
TMIN ,,;;TA ,,;;TMAX 
+10.0 
+9.8, 
+10.0 
+9.8, 
mV/"F, min 


(Average Slope) 
+10.2 
+10.2 
mV/"F, max 


Load Regulation 
TA = +77°F 
±0.4 
±2.5 
±0.4 
±2.5 
mV/mA 


(Note 3) 
TMIN";; TA";; +150"F 
±0.5 
±8.0 
±0.5 
±8.0 
mV/mA 


0,,;; IL";; 1 mA 


Line Regulation (Note 3) 
TA = +77°F 
±0.01 
±0.1 
±0.01 
±0.1 
mVIV 


5V,,;; Vs";; 30V 
±0.02 
±0.2 
±0.02 
±0.2 
mVIV 


Quiescent Current 
Vs= 
+5V,+77°F 
75 
100 
75 
100 
/LA 
(Note 9) 
Vs = +5V 
131 
178 
118 
154 
/LA 


Vs = +30V, +77"F 
76 
103 
76 
103 
/LA 
Vs = +30V 
132 
181 
117 
159 
/LA 


Change of Quiescent 
4V,,;; Vs ,,;;30V, +77"F 
+0.5 
3.0 
0.5 
3.0 
/LA 
Current (Note 3) 
5V,,;; Vs";; 30V 
+1.0 
5.0 
1.0 
5.0 
/LA 


Temperature Coefficient 
+0.30 
+0.7 
+0.30 
+0.7 
/LA/oF 
of Quiescent Current 
, 


Minimum Temperature 
In circuit of Figure 
1, 
+3.0 
+5.0 
+3.0 
+5.0 
of 


for Rated Accuracy 
IL = 0 


Long-Term Stability 
Tj = TMAXfor 1000 hours 
±0.16 
±0.16 
of 


Typical Performance 
Characteristics 


Thermal Resistance 
Thermal Response In 
Junction to Air 
Thermal Time Constant 
Stili Air 


720 
.5 
120 
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StO 
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Typical Applications 
The LM34 can be applied easily in the same way as other 
integrated-circuit temperature sensors. It can be glued or 
cemented to a surface and its temperature will be within 
about O.02"F of the surface temperature. This presumes 
that the ambient air temperature is almost the same as the 
surface temperature; if the air temperature were much high- 
er or lower than the surface temperature, the actual temper- 
ature of the LM34 die would be at an intermediate tempera- 
ture between the surface temperature and the air tempera- 
ture. This is expecially true fQr the TO-92 plastic package, 
where the copper leads are the principal thermal path to 
carry heat into the device, so its temperature might be clos- 
er to the air temperature than to the surface temperature. 
To minimize this problem, be sure that the wiring to the 
LM34, as it leaves the device, is held at the same tempera- 
ture as the surface of interest. The easiest way to do this is 
to cover up these wires with a bead of epoxy which will 
insure that the leads and wires are all at the same tempera- 
ture as the surface, and that the LM34 die's temperature will 
not be affected by the air temperature. 
The TO-46 metal package can also be soldered to a metal 
surface or pipe without damage. Of course in that case, the 
V _ terminal of the circuit will be grounded to that metal. 
Alternatively, the LM34 can be mounted inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 
into a threaded hole in a tank. As with any IC, the LM34 and 
accompanying. wiring and circuits must be kept insulated 
and dry, to avoid leakage and corrosion. This is especially 
true if the circuit may operate at cold temperatures where 
condensation can occur. Printed-circuit coatings and var- 
nishes such as Humiseal and epoxy paints or dips are often 


Temperature Sensor, 


Single Supply, -50" to +300"F 
+Vs 


used to insure that moisture cannot corrode the LM34 or its 
connections. 
These devices are sometimes soldered to a small, light- 
weight heat fin to decrease the thermal time constant and 
speed up the response in slowly-moving air. On the other 
hand, a small thermal mass may be added to the sensor to 
give the steadiest reading despite small deviations in the air 
temperature. 


Capacitive Loads 
Uke most micropower circuits, the LM34 has a limited ability 
to drive heavy capacitive loads. The LM34 by itself is able to 
drive 50 pF without special precautions. If heavier loads are 
anticipated, it is easy to isolate or decouple the load with a 
resistor; see Figure 3. Or you can improve the tolerance of 
capacitance with a series R-C damper from output to 
ground; see Figure 
4. When the LM34 is applied with a 


4990 load resistor (as shown), it is relatively immune to 
wiring capacitance because the capacitance forms a bypass 
from ground to input, not on the output. However, as with 
any linear circuit connected to wires in a hostile environ- 
ment, its performance can be affected adversely by intense 
electromagnetic sources such as relays, radio transmitters, 
motors with arcing brushes, SCR's transients, etc., as its 
wiring can act as a receiving antenna and its internal junc- 
tions can act as rectifiers. For best results in such cases, a 
bypass capacitor from 
VIN 
to ground and a series R-C 


damper such as 750 in series with 0.2 or 1 J.LFfrom output 
to ground are often useful. These are shown in the following 
circuits. 


TUH/6685-7 


FIGURE 3. LM34 with Decoupllng from Capacitive Load 
r--- 
II 
~ 
"'"I 
IL. 
_ 


0.1 "f &VMSS 
(OPTIONALI 
HEAVY CAMCITIVE 
LUAO, WIRING. 
ETC. 


TL/H/6685-8 


FIGURE 4. LM34 with R-C Damper 


Temperature Rise of LM34 Due to Self-Heating (Thermal Resistance) 


Still air 
Moving air 
Still oil 
Stirred oil 
(Clamped to metal, 
infinite heat sink) 


'Wakefield type 201 or l' 
disc of 0.020' 
sheet brass. _ad 
to case, or similar. 


··TQ-92 
and 50-8 
packages 
glued and leads soklered 
to 1* square of Y18 
printed circuit board with 2 OZ copper foil, or similar. 


TO-46, 
No Heat Sink 
TO-46, 
Small Heat Fin' 


720"F/W 


180"F/W 


180"F/W 
9O"F/W 


180'F/W 


72"F/W 


72"F/W 


54'F/W 


TO-92, 
No Heat Sink 
TO-92, 
Small Heat Fin" 


SO-8 
No Heat Sink 


SO-8 


Small Heat Fin" 


324'F/W 


162"F/W 


162"F/W 


81'F/W 


252"F/W 


126'F/W 


126'F/W 


72"F/W 


400'F/W 


190'F/W 


200'F/W 


160'F/W 


Two-Wire Remote Temperature Sensor 
(Grounded Sensor) 


5Y 


VOUT - 
10mvrF 
{TA+ 3"F) 


FROM 
+3"F 
TO + 
l00"F 
499ll 
1% 


4-t0-20 mA Current Source 
(0 to + 100"F) 


Expanded scale Thermometer 


(SO" to 80" Fahrenheit, for Example Shown) 


+9Y 


Two-Wire Remote Temperature Sensor 
(Output Referred to Ground) 


5Y 


Fahrenheit Thermometer 
(Analog Meter) 


+5Y 


Temperature-to-Dlgltal 
Converter 
(Serial Output, + 128'F Full Scale) 


GROUND 


TL/H/6685-14 


LM34 with Voltage-to-Frequency 
Converter 
and Isolated 
Output 
(3'F to + 300'F; 30 Hz to 3000 Hz) 
. 


+6V 


Bar-Graph 
Temperature 
Display 


(Dot Mode) 


+ 


HEAT 
LM34 
FINS 
Vc 
4020- 
402ll' 


1.Qk' 
2k' 
+ 


J'"F 
AA 
Ae 
50011 
lk 


'=' 
'=' 


• = 1% or 2% film resistor 


-Trim 
RB for VB ~ 3.525V 


-Trim 
RC for Vc ~ 2.725V 


-Trim 
RA for VA ~ 0.085V + 40 mVI'F 
x TAMBIENT 


-Example, 
VA ~ 3.285V at 80'F 


Temperature-to-Dlgltal 
Converter 
(Parallel 
TRI·STATEe 
Outputs 
for Standard 
Data Bus to JLPInterface, 
128 of Full SCale) 


2k 
I 
I 
I 
\ 
~ 
I 
~ 
J 


THERMALLY COUPLEO 
ACTUAL 
TEMPERATURE 
(10 my/OF) 


1.590 
VPTAl 
(AT 77°F)- 


VOUT.'0 mY/OF 


0.865 R2 


t!JNational 
Semiconductor 


LM35/LM35A/LM35C/LM35CA/LM35D 
Precision Centigrade Temperature 
Sensors 
General Description 


The 
LM35 
series 
are precision 
integrated-circuit 
tempera- 


ture sensors, 
whose 
output voltage 
is linearly proportional 
to 


the Celsius 
(Centigrade) 
temperature. 
The 
LM35 
thus 
has 


an advantage 
over linear temperature 
sensors 
calibrated 
in ' 


Kelvin, 
as the user is not required 
to subtract 
a large con- 


stant 
voltage 
from 
its output 
to obtain 
convenient 
Centi- 


grade 
scaling. 
The LM35 does not require 
any external 
cali- 


bration 
or trimming 
to provide 
typical 
accuracies 
of ± '1oC 


at room temperature 
and ± %'C 
over a full - 55 to + 150'C 


temperature 
range. 
Low 
cost 
is assured 
by trimming 
and 


calibration 
at the wafer level. The LM35's 
low output 
imped- 


ance, 
linear 
output, 
and precise 
inherent 
calibration 
make 


interfacing 
to readout 
or control 
circuitry 
especially 
easy. 
It 


can 
be used 
with 
single 
power 
supplies, 
or with 
plus 
and 


minus supplies. 
As it draws only 60 p.A from its supply, it has 


very low self-heating, 
less than O.l'C 
in still air. The LM35 is 


rated 
to 
operate 
over 
a-55' 
to + 150'C 
temperature 


range, 
while 
the 
LM35C 
is rated 
for 
a 
- 40' 
to + 11O"C 


range 
(-10' 
with 
improved 
accuracy). 
The LM35 
series 
is 


Connection Diagrams 


TO-46 
Metal 
Can Package· 


available 
packaged 
in hermetic 
TO-46 
transistor 
packages, 


while the LM35C, 
LM35CA, 
and LM35D are also available 
in 
the 
plastic 
TO-92 
transistor 
package. 
The 
LM35D 
is also 
available 
in an a-lead 
surface 
mount 
small outline 
package 
and a plastic 
TO-202 
package. 


Features 


• 
Calibrated 
directly 
in ' Celsius 
(Centigrade) 


• 
Linear + 10.0 mV /"C 
scale 
factor 


• 
0.5'C 
accuracy 
guaranteeable 
(at + 25'C) 


• 
Rated 
for full 
- 55' to + 150'C 
range 


• 
Suitable 
for remote 
applications 


• 
Low cost due to wafer-level 
trimming 


• 
Operates 
from 
4 to 30 volts 


• 
Less than 60 p.A current 
drain 


• 
Low self-heating, 
o.oa'c 
in still air 


• 
Nonlinearity 
only ± '1oC typical 


• 
Low impedance 
output, 
0.1 n for 1 mA load 


TO·92 
Plastic 
Package 


TLiH/5516-1 


·Case is connected 
to negative pin (GND) 
Order 
Number 
LM35CZ, 
LM35CAZ 
or LM35DZ 
See NS Package 
Number 
Z03A 
Order 
Number 
LM35H, 
LM35AH, 


LM35CH, 
LM35CAH 
or LM35DH 


See NS Package 
Number 
H03H 


TO-202 
Plastic 
Package 
+Vs 
(4V TO 2OV)$~':\.._,., 


TL/H/5516-3 
FIGURE 
1. Basic 
Centigrade 
Temperature 
Sensor 
( +rc to + 150"C) 


TL/H/5516-24 
Order 
Number 
LM35DP 


See NS Package 
Number 
P03A 


SO·8 
Small 
Outline 
Molded 
Package 
VOUTOS 
+VS 
N.C. 
2 
7 
N.C. 


N.C. 
3 
6 
N.C. 


GND. 
S 
N.C. 


TLiH/5516-21 


Top View 


N.C. - 
No Connection 


Order 
Number 
LM35DM 
see NS Package 
Number 
M08A 


VOUT=+1,500mVal 
+ 150'C 
= +250 mVal +2S'C 
= -550 mVat -55'C 
FIGURE 
2. FulI·Range 
Centigrade 
Temperature 
Senaor 


Absolute Maximum Ratings (Note 10) 
If Military/Aerospace 
specified devices are required, 


please 
contact 
the 
National 
Semiconductor 
sales 


Office/Distributors 
for availability and specifications. 


SupplyVoltage 
+35Vto -0.2V 


OutputVoltage 
+ 6V to -1.0V 


OutputCurrent 
10 mA 


StorageTemp.,TO-46 Package, 
- 60'C to + 180'C 
TO-92 Package, 
- 60'C to + 150'C 
SO-8 Package, 
- 65'C to + 150'C 
TO-202Package, 
- 65'C to + 150'C 


SO Package(Note 12): 


Vapor Phase(60seconds) 
215'C 


Infrared(15 seconds) 
220'C 


ESDSusceptibility(Note 11) 
2500V 


SpecifiedOperatingTemperatureRange:TMINto TMAX 
(Note 2) 
LM35,LM35A 
LM35C,LM35CA 
LM35D 


- 55'C to + 150'C 
-40'Cto 
+110'C 
O'Cto + 100'C 


Lead Temp.: 


TO-46 Package,(Soldering,10 seconds) 
TO-92 Package,(Soldering,10seconds) 
TO-202Package,(Soldering,10seconds) 


300'C 
260'C 
+ 230'C 


LM35A 
LM35CA 


C~ndltlons 
Tested 
Design 
Tested 
Design 
Units 
Parameter 
Typical 
Limit 
Limit 
Typical 
Limit 
Limit 
(Max.) 


(Note 4) 
(Note 5) 
(Note 4) 
(Note 5) 


Accuracy 
TA= +25'C 
±0.2 
±0.5 
±0.2 
±O.S 
'C 
(Note 7) 
TA=-10'C 
±0.3 
±0.3 
±1.0 
'C 


TA=TMAX 
±0.4 
±1.0 
±0.4 
±1.0 
'C 


TA=TMIN 
±0.4 
±1.0 
±0.4 
± 1.5 
'C 


Nonlinearity 
TMINS:TAS:TMAX 
±0.18 
±0.35 
±0.15 
±0.3 
'C 
(Note8) 


SensorGain 
TMINS:TAS:TMAX 
+10.0 
+9.9, 
+10.0 
+9.9, 
mV/'C 
(AverageSlope) 
+10.1 
+ 10.1 


Load Regulation 
TA= +2S'C 
±0.4 
±1.0 
±0.4 
±1.0 
mV/mA 
(Note3) Os:IlS: 1 mA 
TMINS:TAS:TMAX 
±0.5 
±3.0 
±0.5 
±3.0 
mV/mA 


LineRegulation 
TA= + 25'C 
±0.01 
±0.05 
±0.01 
±0.05 
mVIV 
(Note3) 
4VS:VSS:30V 
±0.02 
±O.1 
±0.02 
±O.1 
mVIV 


QuiescentCurrent 
Vs= +SV, +2S'C 
56 
67 
56 
67 
I-'A 
(Note 9) 
Vs= +SV 
105 
131 
91 
114 
I-'A 


VS= +30V, +25'C 
56.2 
68 
56.2 
68 
I-'A 


Vs= +30V 
105.5 
133 
91.5 
116 
I-'A 


Changeof 
4VS:VsS:30V,+25'C 
0.2 
1.0 
0.2 
1.0 
I-'A 
QuiescentCurrent 
4VS:VsS:30V 
0.5 
2.0 
0.5 
2.0 
I-'A 
(Note3) 


Temperature 
+0.39 
+0.5 
+0.39 
+0.5 
I-'AI'C 
Coefficientof 
QuiescentCurrent 


MinimumTemperature 
In circuitof 
+1.5 
+2.0 
+1.5 
+2.0 
'C 
for RatedAccuracy 
Figure t,ll =0 


LongTerm Stability 
TJ=TMAX' for 
±0.08 
±0.08 
'C 


1000hours 


Note 1: Unless otherwise noted. these speciflcetions 
apply: - 5SOC,;;TJ';; + 15O"C for the LM35 and LM35A; - 40'';; TJ';; + 11COGfor the LM35G and LM35GA; and 
O"sTJs 
+ 100"C for the LM35D. Vs= 
+5Vdc 
and IlOAQ=50 
,...A. in the circuit of Figure 2. These specifications 
also 
apply 
from 
+~C 
to TMAX in the circuit of 
Figurs 
1. Specifications 
in boldface 
apply over the full fated temperature 
range. 


Note 
2: Thermal r8ll118nC8 of the TQ-46 package is 40COC/W, 
junction 
to ambient, snd 24'C/W 
iunction to case. Thermal resistance 
of the TO-92 package is 
1600C/W 
junctlon to ambient. ThennaI resilience 
of the small outilne molded package II 2211'C/W 
junction to ambient. Thermal resistance of the TO-202 package 
is 85'C/W Junctlon to.-lFor AddItIonal tMnnaI 
rnlItance 
Information 
see table in the Applications 
section. 
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Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 


Typical 
limit 
Limit 
Typical 
Limit 
limit 
(Max.) 


(Note 4) 
(Note 5) 
(Note 4) 
(Note 5) 


Accuracy, 
TA= 
+25'C 
±0.4 
±1.0 
±0.4 
± 1.0 
'C 


LM35, LM35C 
TA= 
-10'C 
±0.5 
±0.5 
±1.5 
'C 


(Note ?) 
TA=TMAX 
±0.8 
±1.5 
±0.8 
± 1.5 
'C 


TA=TMIN 
±0.8 
± 1.5 
±0.8 
±2.0 
'C 


Accuracy, 
TA= 
+25'C 
±0.6 
±1.5 
'C 


LM35D 
TA=TMAX 
±0.9 
±2.0 
'C 


(Note?) 
TA=TMIN 
±0.9 
±2.0 
'C 


Nonlinearity 
TMIN,,;TA,,;TMAX 
±0.3 
±0.5 
±0.2 
±0.5 
'C 


(Note 8) 
." 


Sensor Gain 
TMIN,,;TA,,;TMAX 
+10.0 
+9.8, 
+10.0 
+9.8, 
mVrC 


(Average Slope) 
+10.2 
+10.2 


Load Regulation 
TA= 
+ 25'C 
±0.4 
±2.0 
±0.4 
±2.0 
mV/mA 


(Note 3) 0,,;IL,,;1 
mA 
TMIN,,;TA,,;TMAX 
±0.5 
±5.0 
±0.5 
±5.0 
mV/mA 


Line Regulation 
TA= 
+25'C 
±0.01 
±0.1 
±0.01 
±0.1 
mVIV 


(Note 3) 
4V,,;Vs,,;30V 
±0.02 
±0.2 
±0.02 
±0.2 
mVIV 


Quiescent 
Current 
Vs= 
+5V, 
+25'C 
56 
80 
56 
80 
p.A 


(Note 9) 
Vs= 
+5V 
105 
158 
91 
138 
p.A 


Vs = + 30V, + 25'C 
56.2 
82 
56.2 
82 
p.A 


Vs= 
+30V 
105.5 
161 
91.5 
141 
p.A 


Change of 
4V,,;Vs,,;30V, 
+25'C 
0.2 
2.0 
0.2 
2.0 
p.A 


Quiescent 
Current 
4V,,;Vs,,;30V 
0.5 
3.0 
0.5 
3.0 
p.A 


(Note 3) 


Temperature 
+0.39 
+0.7 
+0.39 
+0.7 
p.AI·C 


Coefficient 
of 


Quiescent 
Current 


Minimum Temperature 
In circuit of 
+1.5 
+2.0 
+1.5 
+2.0 
·C 


for Rated Accuracy 
Figure 
f,IL =0 


Long Term Stability 
TJ = TMAX,for 
±0.08 
±0.08 
·c 


1000 hours 


Note 
3: Regulation 
is measured 
at constant 
junction 
temperature, 
using pulse testing with a low duty cycle. Changes 
in output due to heating effects 
can be 


computed 
by multiplying the internal dissipation 
by the thermal resistance. 


Note 4: Tested 
Umits are guaranteed 
and 100% tasted in production. 


Note 
5: Design Umits are guaranteed 
(but not 100% production 
tested) over the indicated temperature 
and supply voltage ranges. These limits are not used to 


calculate 
outgoing 
quality levels. 


Note 6: Specifications 
in boldface 
apply over the full rated temperature 
range. 


Note 7: Accuracy is defined as the error between the output voltage and 1OmvrC 
times the device's case temperature, 
at specified conditions 
of voltage, current, 
and temperature 
(expressed 
in °C). 


Note 8: Nonlinearity 
is defined as the deviation of the output-voltage-versus-temperature 
curve from the best-fit straight line, over the device's 
rated temperature 
range. 


Note 9: Quiescent 
current is defined in the circuit of Figure 
1. 


Note 
10: Absolute 
Maximum 
Ratings indicate 
limits beyond which damage 
to the device 
may occur. DC and AC electrical 
specifications 
do not apply when 


operating 
the device beyond its rated operating conditions. 
See Note 1. 


Note 
11: Human body model, 100 pF discharged 
through a 1.5 kn resistor. 


Note 
12: See AN-450 
"Surface 
Mounting 
Methods 
and Their Effect on Product 
Reliability" 
or the section 
titled "Surface 
Mount" 
found in a current 
National 


Semiconductor 
Linear Data Book for other methods of soldering surface mount devices. 


Typical Performance 
Characteristics 


Thermal Resistance 
Thermal Response 
Junction to Air 
Thermal Time Constant 
In Stili Air 


400 
45 
120 


~ 


40 
~111O 
35 
~". 
E300 
u 
~ 
~ 
~ 
80 
~ 
.. 
30 
! 


•...z 
25 
;i 
60 


5 


2110 
~ 
20 
z 
I 
Tll-46 
fj 
II: 
40 
... , 
~ 
~ 
15 
T~"6 
'" 
c 
1110 
~ 
§ 
20 
IE 
:Ii 
TO·92 
., 
10 
..••.. 


i= 
5 
~ 
0 


0 
0 
T1I-92 1 


-20 


0 
400 
800 
1200 
16110 
20lIO 
0 
400 
800 
12110 
16110 
20lIO 
0 
2 
4 
6 
8 


AIR VELOCITY(FPM) 
AIR VELOCITY (FPM) 
TIME (MINUTES) 


Quiescent Current 
Thermal Response In 
Minimum Supply 
ys. Temperature 


Stirred 011Bath 
Voltage ys. Temperature 
(In Circuit of Figure 
1.) 


120 
U 


I 
ITY~C~L ,~~ 


160 


~111O 
4.2 
140 
~ 
A1 
",. 
~ 
4.0 
-Iou, 
=2. 


1 
0 ~ 
~ 
~ 
120 
3 
80 - 
~ 
3.8 
Y.Y~ 
•... 
• 
!I 
" 
~ 
100 
;i 
80 
!:j 
3.6 
~I 
~ 
z 
I 
I••••T().92 
'" 
3.4 
::> 
80 
II: 
> 
Jo" r..-rv~CAL 
u 
~ 
l!; 
40 
i 


3.2 
f- 


ffi 
.' 
60 


itl 
20 , 
.. 
3.0 
~ 7: 
~t-I~U'I=\:tf- 
iil 
40 
•• 
u 
2.8 
~ 
~ TYPICAL 
f- 
~ 
~ 
0 
2.6 
-IIOIl'I=OtA 
~R ~ 
~A 
f- 
20 


-20 
2.4 
0 


0 
2 
4 
6 
8 
-75 
-25 
25 
75 
125 
175 
-75 
-25 
25 
75 
125 
175 


TIME (SECONOS) 
TEMPERATURE ('CI 
TEMPERATURE ('C) 


TLIH/5516-17 


Quiescent Current 
ys. Temperature 
Accuracy ys. Temperature 
Accuracy ys. Temperature 
(In Circuit of Figure 
2.) 
(Guaranteed) 
(Guaranteed) 


200 
2.0 
2.5 


180 
1.5 
LM35 L 
2.0 
~ 
~ 
t.M350 


~160 


u 
..• 
l. 
u 
1.5 
~~~L~3~C 
1.0 
'Iii •••• 
i 


~ 
I 
..• 
~ 
l!i 
1.0 
~++ 


140 
0.5 
L~35~- 
ffi 
0.5 
TYPICAL 
i.oo" 
TYPICAL 


::> 
120 
~ 
0 
~ 
0 
u 
•• 
'" 
.. 


LJ3J- 
i=~:: 
l•• 
r-t· 
§ 


::> 


1110 
~ -0.5 
. 
""'",. ~~ rTL~3~CA 
l3 
80 
~ 
-1.0 
11"". ""'",. 
5 
I· 
~ -1.5 
LM35C 
'" 
. 
l!! 
60 
-1.5 
LM35 r· 
-2.0 
L~3~D- 


40 
-2.0 
-2.5 


-75 
-25 
25 
75 
125 
175 
-75 
-25 
25 
75 
125 
175 
-75 
-25 
25 
75 
125 
175 


TEMPERATURE ('CI 
TEMPERATURE ('C) 
TEMPERATURE ('C) 


TL/H/5516-18 


Noise Voltage 
Start-Up Response 


1600 
6 


1~ 
4 


12110 
£ 
2 
I! 
~ 
1000 
0 
i 
8001"0; 
0.6 
I 
600 
'" 
£ 
1M 


1\ 
Gl 
; 
0.2 
V 
2110 
0 


0 
10 
100 
lk 
10k 
lOOk 
0 
10 
20 
30 
40 
50 
60 


FREQUENCY(Hz) 
nWE (ml<..-ond.) 
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Applications 
The LM35 can be applied easily in the same way as other 
integrated-circuit temperature sensors. It can be glued or 
cemented to a surface and its temperature will be within 
about 0.01'C of the surface temperature. 
This presumes that the ambient air temperature is almost 
the same as the surface temperature; if the air temperature 
were much higher or lower than the surface temperature, 
the actual temperature of the LM35 die would be at an inter- 
mediate temperature between the surface temperature and 
the air temperature. This is expecially true for the TO-92 
plastic package, where the copper leads are the principal 
thermal path to carry heat into the device, so its tempera- 
ture might be closer to the air temperature than to the sur- 
face temperature. 


To minimize this problem, be sure that the wiring to the 
LM35, as it leaves the device, is held at the same tempera- 
ture as the surface of interest. The easiest way to do this is 
to cover up these wires with a bead of epoxy which will 
insure that the leads and wires are all at the same tempera- 
ture as the surface, and that the LM35 die's temperature will 
not be affected by the air temperature. 


Temperature Rise of LM35 Due To Self-heating (Thermal Resistance) 
To-46, 
To-92, 
To-92, 
50-8 
50·8 
amallheat fin' 
no heat alnk 
amallheat fin" 
no heat alnk 
amallheal fin" 


1OO'C/W 
180'C/W 
140'C/W 
220'C/W 
110'C/W 


40'C/W 
90'C/W 
70'C/W 
10S'C/W 
90'C/W 
40'C/W 
90'C/W 
70'C/W 
30'C/W 
4S'C/W 
40'C/W 


The TO-46 metal package can also be soldered to a metal 
surface or pipe without damage. Of course, in that case the 
V - 
terminal of the circuit will be grounded to that metal. 


Alternatively, the LM35 can be mounted inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 
into a threaded hole in a tank. As with any IC, the LM35 and 
accompanying wiring and circuits must be kept insulated 
and dry, to avoid leakage and corrosion. This is especially 
true if the circuit may operate at cold temperatures where 
condensation can occur. Printed-circuit coatings and var- 
nishes such as Humiseal and epoxy paints or dips are often 
used to insure that moisture cannot corrode the LM35 or its 
connections. 
These devices are sometimes soldered to a small light- 
weight heat fin, to decrease the thermal time constant and 
speed up the response in slowly-moving air. On the other 
hand, a small thermal mass may be added to the sensor, to 
give the steadiest reading despite small deviations in the air 
temperature. 


Still air 
Moving 
air 
Slilloll 
Slirredoil 
(Clamped 
10 melal, 
Inlinile 
heal sink) 


To-46, 


no heat alnk 
400'C/W 
100'C/W 
100'C/W 
SO'C/W 


To-202 


no heat alnk 
8S'C/W 
2S'C/W 


To-202··· 
amall heat fin 
60'C/W 
40'C/W 


• Wakefield 
type 201, or 1- disc of 0.020· 
sheet brass. soldered to case, or similar . 


•• TO-92 and 80-8 
packages 
glued and leads soldered to 1- square of Y1S" printed circuit board with 2 oz. foil or similar. 


r---- 
III 
0.1 "" BY~S -l- 


OPTIONAL 
..,... 
IIIL 
_ 
TLIH/5516-19 
FIGURE 3. LM35 with Decoupllng from Capacitive Load 


TLIH/5516-20 


FIGURE 4. LM35 with RoCDamper 


CAPACITIVE LOADS 
Like most micropower circuits, the LM35 has a limited ability 
to drive heavy capacitive loads. The LM35 by itself is able to 
drive 50 pf without special precautions. If heavier loads are 
anticipated, it is easy to isolate or decouple the load with a 
resistor; see Figure 3. Or you can improve the tolerance of 
capacitance with a series R-C damper from output to 
ground; see Figure 
4. 


When the LM35 is applied with a 2000 load resistor as 
shown in Figure 5, 6, or 8, it is relatively immune to wiring 


capacitance because the capacitance forms a bypass from 
ground to input, not on the output. However, as with any 
linear circuit connected to wires in a hostile environment, its 
performance can be affected adversely by intense electro- 
magnetic sources such as relays, radio transmitters, motors 
with arcing brushes, SCR transients, etc, as its wiring can 
act as a receiving antenna and its internal junctions can act 
as rectifiers. For best results in such cases, a bypass capac- 
itor from VIN to ground and a series R-C damper such as 
750 in series with 0.2 or 1 J.LFfrom output to ground are 
often useful. These are shown in Figures 
13, 14, and 16. 


TUH/5516-5 
FIGURE 5. Two-Wire Remote Temperature Sensor 
(Grounded Sensor) 


TL/H/5516-7 
FIGURE 7. Temperature Sensor, Single Supply, -55' 
to 
+ 150'C 


TL/H/5516-9 
FIGURE 9. 4·To-20 mA Current Source (O'Cto + 100'C) 


Uk 
5% 
200 
OR 10k RHEOSTAT 
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FIGURE 6. Two-Wire Remote Temperature sensor 


(Output Referred to Ground) 
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TL/H/5516-8 


FIGURE 8. Two-Wire Remote Temperature Sensor 


(Output Referred to Ground) 


TL/H/5516-11 


FIGURE 11. Centigrade Thermometer (Analog Meter) 


100 ,.A. 
60mV 
FULLoSCAI.E 


TUH/5516-12 


FIGURE 12. Expanded Scale Thermometer 
(50· to SO·Fahrenheit, for Example Shown) 


TL/H/5516-13 


FIGURE 13. Temperature To Digital Converter (Serial Output) (+ 12S·CFull Scale) 


5V 


IN 
PARALLEL 


DATA 
OUTPUT 


llITlI 


CS 
iiii 
Viii 


6ND 
TLiH/5516-14 


FIGURE 14.Temperature To Digital Converter (Parallel TRI-STATE~ Outputs for 
Standard Data Bus to,..P Interlace) (128"C Full SCale) 
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LM3914 


9 


Ne 


V. 


HEAT 
OUT 


FINS 
Ve 
VB 
ZOO" 
499" 
499" 
1.5k" 
lk' 


+ 
RB 
JlpF 
1.5k" 
Re 
lk 
lk 


RA 
'::' 
':' 


lk 


'=' 
TlIH/5516-16 


• = 1% or 2% film resistor 
-Trim Rs for Vs~3.075V 
-Trim Rc for Vc= 
1.955V 


-Trim RA for VA=O.075V 
+ 100mVrC 
X Tambient 
-Example, VA ~ 2.275V at 22"C 


FIGURE 16. LM35 With Voltage-To-Frequency 
Converter And Isolated Output 
(TC to + 150'C; 20 Hz to 1500 Hz) 
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f}1National 
Semiconductor 


LM45B/LM45C 
SOT -23 Precision Centigrade Temperature 
Sensors 


General Description 


The 
LM45 
series 
are precision 
integrated-circuit 
tempera- 


ture sensors, 
whose 
output voltage 
is linearly proportional 
to 


the Celsius 
(Centigrade) 
temperature. 
The 
LM45 
does 
not 


require 
any external 
calibration 
or trimming 
to provide 
accu- 


racies 
of ± 2"C at room 
temperature 
and ± S·C over a full 


- 20 to + 100·C temperature 
range. 
Low cost is assured 
by 


trimming 
and calibration 
at the wafer 
level. The LM45's 
low 


output 
impedance, 
linear output, 
and precise 
inherent 
cali- 
bration 
make interfacing 
to readout 
or control 
circuitry 
espe- 
ciallyeasy. 
It can be used with a single power supply, or with 


plus and minus 
supplies. 
As it draws 
only 
120 /LA from 
its 


supply, 
it has very 
low self-heating, 
less than 
O.2"C in still 


air. The LM45 
is rated 
to operate 
over a - 20· to + 100·C 


temperature 
range. 


Applications 


• 
Battery 
Management 


• 
FAX Machines 


• 
Printers 


• 
Portable 
Medical 
Instruments 


• 
HVAC 
• 
Power 
Supply 
Modules 


• 
Disk Drives 


• 
Computers 


• 
Automotive 


Features 


• 
Calibrated 
directly 
in • Celsius 
(Centigrade) 


• 
Linear + 10.0 mV fOC scale 
factor 
• 
± S·C accuracy 
guaranteed 


• 
Rated 
for full 
- 20· to + 1000C range 


• 
Suitable 
for remote 
applications 


• 
Low cost 
due to wafer-level 
trimming 


• 
Operates 
from 
4.0V to 10V 


• 
Less than 
120 /LA current 
drain 


• 
Low self-heating, 
0.20·C 
in still air 


• 
Nonlinearity 
only ± O.S·C max over temp 


• 
Low impedance 
output, 
200 
for 1 mA load 


Connection 
Diagram 


SOT-23 


+VSD1 
GND 


3 
Vo 


TOp View 


See NS Package 
Number 
M03B 


(JEDEC 
Registration 
TO-236AB) 


+Vs 
(4.0V 
TO t OV)$ 


OUTPUT 


LlA45 
VOUT= (10 mV/oC 
x Tomp °C) 


VOUT= + 1,000 
mV .t + t OOOC 


_ 
VOUT= +250 mV .t +250C 


TL/H/I'754-3 
FIGURE 
1. Basic 
Centigrade 
Temperature 


Sensor (+ 2.S·C to + 100·C) 


SOT-23 


Order 
Device 


Number 
Marking 
Supplied 
As 


LM45BIMS 
T4B 
250 Units on Tape and Reel 


LM45BIMSX 
T4B 
SOOOUnits on Tape and Reel 


LM45CIMS 
T4C 
250 Units on Tape and Reel 


LM45CIMSX 
T4C 
SOOOUnits on Tape and Reel 


+VS 
(UV 
TO tOY) 


~VOUTT~Rt 


-Vs 
Choose A, = 
- vs/50 ,.A 


VOUT= (10 mVrC 
X Temp'C) 


VOUT= 
+ 1,000 mV at + 100'C 


= 
+250 mV at +25'C 


= -200 
mVat 
-20"C 
FIGURE 
2. Full-Range 
Centigrade 
Temperature 
Sensor 
( - 200C to + 10o-C) 
• 


Output 
Current 
10mA 
Machine 
Model 
lBD 


Storage 
Temperature 
-6S·C 
to + 1S0·C 
Operating Ratings 
(Note 1) 
Lead Temperature 
SOT Package 
(Note 2): 
Specified 
Temperature 
Range 


Vapor 
Phase (60 seconds) 
21S·C 
(Note 4) 
TMINto 
TMAX 
Infrared 
(1S seconds) 
220·C 
LM4SB. LM4SC 
-20·C 
to + 1000C 


Operating 
Temperature 
Range 
LM4SB. LM4SC 
-40·C 
to + 12S·C 


Supply Voltage 
Range (+ Vs) 
+4.0Vto 
+10V 


Electrical Characteristics 
Unless otherwise 
noted. these specifications 
apply for + Vs = 
+ SVdc and ILOAD = 
+ SO fJoA.in the circuit 
of Figure 2. These 
specifications 
also apply from 
+ 2.S·C to TMAX in the circuit 
of Figure 
f for + Vs 
= 
+ SVdc. Boldfaee 
limits 
apply 
for 
TA = TJ = TMIN to TMU; 
all other 
limits TA = TJ = 
+ 2S·C. unless 
otherwise 
noted. 


LM45B 
LM45C 


Parameter 
Conditions 
Units 
Typical 
Limit 
Typical 
Limit 
(Limit) 
(Note 
5) 
(Note 
5) 


Accuracy 


" 


TA= 
+2S·C 
r, 
±2.0 
±3.0 
·C(max) 


(Note 6) 
TA=TMAX 
±3.0 
±4.0 
·C(max) 


TA=TMIN 
±3.0 
±4.0 
·C(max) 


Nonlinearity 
TMIN,;;TA,;;TMAX 
±0.8 
±0.8 
·C(max) 


(Note 7) 


Sensor 
Gain 
TMIN,;;TA,;;TMAX 
+9.7 
+9.7 
mV/"C(min) 


(Average 
Slope) 
." 
+10.3 
+10.3 
mV/"C(max) 


Load Regulation 
(Note 8) 
O,;;ll';; 
+1 
mA 
±35 
±35 
mV/mA(max) 


Line Regulation 
+4.0V';; 
+Vs';; 
+ 10V 
±0.80 
±0.80 
mV/V(max) 


(Note 8) 
± 1.2 
±1.2 
mV/V(max) 


Quiescent 
Current 
+4.0V,;;+Vs,;;+10V. 
+2S·C 
120 
120 
fJoA(max) 


(Note 9) 
+4.0V';; 
+Vs';; 
+10V 
160 
160 
fJoA(max) 


Change 
of Quiescent 
4.0V';; 
+Vs,;;lOV 
2.0 
2.0 
fJoA(max) 
Current 
(Note 8) 


Temperature 
Coefficient 
+2.0 
+2.0 
fJoAl·C 
of Quiescent 
Current 


Minimum 
Temperature 
In circuit of 
+2.S 
+2.S 
·C(min) 
for Rated Accuracy 
Figure 
f.ll 
=0 


Long Term Stability 
(Note 10) 
TJ=TMAX. 
for 1000 hours 
±0.12 
±0.12 
·C 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the dev;ce may occur. DC and AC electrical speciftC8.tions do not apply when operating 
the device beyond its rated operating 
conditions. 


Note 
2: See AN-450 
"Surface 
Mounting 
Methods 
and Their Effect 
on Product 
Reliability" 
or the section 
titled 
"Surface 
Mount" 
found 
in a current 
National 
Semiconductor 
Unear Data Book for other methods of soldering surface mount devices. 


Note 3: Human body model, tOO pF discharged 
through a 1.5 kfl 
resistor. Machine model, 200 pF discharged 
directly into each pin. 


Note 4: Thermal resistance 
of the SOT·23 package is 26crC/W, junction to ambient when attached to a printed circuit board with 2 oz. foil as shown in Figure 3. 


Note 
5: Limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 6: Accuracy is defined as the ermr between the output voltage and 10 mvrC times the device's case temperature, 
at specified conditions 
of voltage, current, 
and temperature 
(expressed 
in °C). 


Note 7: Nonlinearity 
is defined as the deviation of the output-voltage-versus-temperature 
curve from the best-fit straight line, over the device's 
rated temperature 
range. 


Note 
8: Regulation 
is measured 
at constant 
junction 
temperature, 
using pulse testing with a low duty cycle. Changes in output due to heating effects 
can be 
computed 
by multiplying the internal dissipation 
by the thermal resistance. 


Note 9: Quiescent 
current is measured using the circuit of Figure 
1. 


Note 
10: For best long-term stability, any precision circuit will give best results if the unit is aged at a warm temperature, 
and/or 
temperature 
cycled for at least 46 
hours before long-term 
life test begins. This is especially true when a small (Surface-Mount) 
part is wave-soldered: 
allow time for stress relaxation 
to occur. 


Typical Performance 
Characteristics 
To generate these curves the lM45 was mounted to a printed circuit board as shown in Figure 
3. 


Thermal Resistance 
Thermal Response In Still Air 


Junction to Air 
Thermal Time Constant 
with Heat Sink (Figure 
3) 
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Thermal Response 
Quiescent Current 
in Stirred Oil Bath 
Start-Up Voltage 
vs Temperature 


with Heat Sink 
vs Temperature 
(In Circuit of Figure 
1) 


5 
110 
I I 
~ 100 
I-- 


<.5 
"< 
100 
+Vs = +5V 
~ 
V I- 
> 
I, = 
lmA, 
-=' 


.J l.--- 
.. 
80 
/ 
< 
IJ. 


z 
90 
".. 
> 
0 
\. = 500~A." 
" 
".. 
.. 
.. 
" 
~ 
z 
60 
!; 
3.5 
~ 
80 
"' 
./ 
":....i ~ 
.•. 
u 
"" 
~ 
> 
- 
z 
".. 


<0 
~ 
3 
u 
70 
z 
~ 
~ 
u 
20 
\. = 50 ~A 
g 
~ 
2.5 
60 


0 
2 
50 


0 
10 
20 
30 
<0 
50 
60 
-SO 
-25 
0 
25 
SO 
75 
100 
125 
0 
25 
50 
7S 
100 


nWE 
(SEe) 
TE~PERATURE 
(oe) 
TENPERArURE 
(Oe) 


Quiescent Current 
vs Temperature 
Accuracy vs Temperature 


(In Circuit of Figure 
2) 
(Guaranteed) 
Noise Voltage 


160 
I I I 


5 
1800 


./ 
< 
•... 
lN4SC 
(WAX) 
1400 
.. 
150 
~+VS 
= +5.0 
./'" 


u 
3 
I 
(WAX) 


-=' 


0 
lhl-45B 
1200 
2 
, 
(TYP) 
~ 
z 
1<0 


./"" 


0 
.••. 


(TYP) 
~ 
~ 
1 
1000 
~ 
. 
.,- 
> 
u 
130 
./" 


0 
- 


(TYP) 
800 
~ 
, 
~ 
.. 
-1 
~ 
600 


"" 
~ 
120 
// 
-2 
~ 
~ 
...• 
,..,., 
<00 
g 
z 
-3 
(WIN) 
110 
,- 
lN45B 


-< 
..•. 
10.... 
I 
(WIN) 
200 
lW45C 


100 
-5 
0 
-2S 
0 
2S 
50 
7S 
100 
-50 -25 
0 
25 
50 
75 
100 125 150 
10 
100 
lK 
10K 
lOOK 


TEMPERATURE 
(Oe) 
TEWPERATURE 
(DC) 
rREQUENCY 
(Hz) 


Ground 
Plane 
on 
062 
copper 


Supply Voltage 


clad 
board. 


I 


1/2" 
I 
vs Supply Current 
Start-Up Response 


100 
I 
I. 
I 
r 


90 
f---TA = 25°C 
6 
.. 
80 
> 


-=' 


z 
< 
70 
>- 
j 
60 
2 


.t 
~ 
50 
I 


0 
z 


} 
<0 
0.< 
L 


30 
> 
f 
0.2 
20 
>0 
10 
0 


0 
II 


0 
1 
2 
3 
< 
5 
6 
7 
8 
9 
10 
0 
10 
20 
30 
<0 
50 
60 
TLIH/11754-23 


+VS 
Supply 
VOltlllg8 
(v) 
TINE <.•.u) 
FIGURE 3. Printed Circuit Board Used 


TLIH/11754-5 
for Heat Sink to Generate All Curves. 
Yo' Square Printed Circuit Board 
with 2 oz. Foil or Similar 
• 


Applications 
The LM45 can be applied easily in the same way as other 
integrated-circuit temperature sensors. It can be glued or 
cemented to a surface and its temperature will be within 
about 0.2·C of the surface temperature. 
This presumes that the ambient air temperature is almost 
the same as the surface temperature; if the air temperature 
were much higher or lower than the surface temperature, 
the actual temperature of the LM45 die would be at an inter- 
mediate temperature between the surface temperature and 
the air temperature. 


To ensure good thermal conductivity the backside of the 
LM45 die is directly attached to the GND pin. The lands and 
traces to the LM45 will, of course, be part of the printed 
circuit board, which is the object whose temperature is be- 
ing measured. These printed circuit board lands and traces 
will not cause the LM45s temperature to deviate from the 
desired temperature. 


Alternatively, the LM45 can be mounted inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 


Typical Applications 


CAPACITIVE LOADS 
Like most micropower circuits, the LM45 has a limited ability 
to drive heavy capacitive loads. The LM45 by itself is able to 
drive 500 pF without special precautions. If heavier loads 
are anticipated, it is easy to isolate or decouple the load with 
a resistor; see Figure 4. Or you can improve the tolerance of 
capacitance with a series R-C damper from output to 
ground; see Figure 
5. 


Any linear circuit connected to wires in a hostile environ- 
ment can have its performance affected adversely by in- 
tense electromagnetic sources such as relays, radio trans- 
mitters, motors,with arcing brushes, SCR transients, etc, as 
its wiring can act as a receiving antenna and its internal 
junctions can act as rectifiers. For best results in such cas- 
es, a bypass capacitor from VIN to ground and a series R-C 
damper such as 750 in series with 0.2 or 1 ",F from output 
to ground, as shown in Figure 5, are often useful. 


TLiH/11754-B 


FIGURE 4. LM45 with Decoupllng from Capacitive Load 


into a threaded hole in a tank. As with any IC, the LM45 and 
accompanying wiring and circuits must be kept insulated 
and dry, to avoid leakage and corrosion. This is especially 
true if the circuit may operate at cold temperatures where 
condensation can occur. Printed-circuit coatings and var- 
nishes such as Humiseal and epoxy paints or dips are often 
used to insure that moisture cannot corrode the LM45 or its 
connections. 


Temperature Rise of LM45 Due to Self-Heating 
(Thermal Resistance) 
SOT-23·· 
SOT-23 


no heat sink 
small heat fin· 


Still air 
450·C/W 
260·C/W 


Moving air 
180·C/W 


• Heat sink used is %. square printed circuit board with 2 oz. foil with part 
attached 
as shown in Figure 3. 


•• Part soldered to 30 gauge wire. 


r---- 
III 
0.1 "" .mas ..1- 


OI'IIDNAL 
"1" 
IIIL 
_ 


TL/H/11754-9 
FIGURE 5. LM45 with RoCDamper 


TL/H/11754-12 


FIGURE 6. Temperature Sensor, 
Single Supply, -200C to + 1000C 


TL/H/11754-14 
FIGURE 7. 4-t0-20 mA Current Source (O"Cto + 100·C) 


TL/H/11754-16 
FIGURE 9. Centigrade Thermometer (Analog Meter) 
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TLiH/11754-17 


FIGURE 10. Expanded Scale Thermometer 
(50· to SO"Fahrenheit, for Example Shown) 


TLIH/11754-18 


FIGURE 11. Temperature To Digital Converter (Serial Output) (+ 12S·CFull Scale) 


MRALLEL 
DATA 
OUTPUT 


TLiH/11754-19 


FIGURE 12. Temperature To Digital Converter (Parallel TRI·STATE@Outputs for 
Standard Data Bus to,..P Interface) (128'C Full Scale) 
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• = 1% or 2% film resistor 
-Trim Rs for Vs~3.075V 
-Trim Rc for Vc~ 
1.955V 


-Trim RA forVA=O.075V 
+ 100mVrC 
x Tambient 


-Example, VA~ 2.275V at 22"C 


FIGURE 
14. LM45 With 
VOltage- TO-Frequency 
Converter 
And 
Isolated 
Output 
(2.5'C 
to + 100"C; 25 Hz to 1000 Hz) 
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tfJNational 
Semiconductor 


LM50B/LM50C 
Single-Supply Centigrade Temperature 
Sensor 


General Description 


The LMSO is a precision 
integrated-circuit 
temperature 
sen- 


sor that can sense 
a -40'C 
to + 12S'C temperature 
range 


using a single 
positive 
supply. The LMSO's output 
voltage 
is 


linearly 
proportional 
to 
Celsius 
(Centigrade) 
temperature 


(+ 10 mV /'C) 
and has a DC offset 
of + SOOmY. The offset 


allows 
reading 
negative 
temperatures 
without 
the need for a 


negative 
supply. 
The 
ideal 
output 
voltage 
of 
the 
LMSO 


ranges 
from + 100 mV to + 1.7SV for a -40'C 
to + 12S'C 


temperature 
range. The LMSO does not require 
any external 


calibration 
or trimming 
to 
provide 
accuracies 
of 
± 3'C 
at 


room 
temperature 
and 
±4'C 
over 
the 
full 
-40'C 
to 


+ 12S'C temperature 
range. Trimming 
and calibration 
of the 


LMSO at the wafer 
level assure 
low cost and high accuracy. 
The LMSO's linear output, + SOOmV offset, 
and factory 
cali- 


bration 
simplify 
circuitry 
required 
in a single 
supply 
environ- 


ment where 
reading 
negative 
temperatures 
is required. 
Be- 


cause 
the 
LMSO's quiescent 
current 
is less than 
130 p.A, 
self-heating 
is limited 
to a very low O.2"C in still air. 


Applications 


• 
Computers 


• 
Disk Drives 


Connection 
Diagrams 


SOT-23 


+vsD2 
1 
GNo 


Vo 


Tl/H/12370-1 
Top View 


See NS Package 
Number 
M03B 


(JEDEC 
Registration 
TO-236AB) 


• 
Battery 
Management 


• 
Automotive 


• 
FAX Machines 


• 
Printers 
• 
Portable 
Medical 
Instruments 


• 
HVAC 
• 
Power 
Supply 
Modules 


Features 


• 
Calibrated 
directly 
in ' Celsius 
(Centigrade) 


• 
Linear + 10.0 mV /'C 
scale factor 


• 
± 2'C 
accuracy 
guaranteed 
at + 2S'C 


• 
Specified 
for full 
-40' 
to + 12S'C 
range 


• 
Suitable 
for remote 
applications 


• 
Low cost 
due to wafer-level 
trimming 


• 
Operates 
from 
4.SV to 10V 


• 
Less than 
130 p.A current 
drain 


• 
Low self-heating, 
less than 
O.2"C in still air 


• 
Nonlinearity 
less than O.S'C over temp 


Order 
SOT-23 
Supplied 
As 
Number 
Device 
Marking 


LMSOBIM3 
TSB 
2S0 Units on Tape and Reel 


LMSOCIM3 
TSC 
2S0 Units on Tape and Reel 


LMSOBIM3X 
TSB 
3000 Units on Tape and Reel 


LMSOCIM3X 
TSC 
3000 Units on Tape and Reel 


Typical Applications 


+VS 
(~.5V 
TO 10V)$ 


OUTPUT 
L~50 
VOUT = (10 
mV/oC 
x Temp 
°C) 
+500 
mV 


VOUT = +1.750V 
at 
+1250C 


_ 
VOUT = +750 
mV at 
+250C 


VOUT = + 100 mV at 
-~OoC 


TO-92 


Plastic 
Package 


TUH/12370-2 


Order 
Number 
LM50BIZ 
or LM50CIZ 


See NS Package 
Number 
Z03A 
TUH/12370-3 


FIGURE 
1. FUll-Range 
Centigrade 
Temperature 
Sensor 
(- 
40'C to + 125'C) 


t!JNational 
Semiconductor 


LM 134/LM234/LM334 
3-Terminal Adjustable Current Sources 


General Description 


The 
LM134/LM234/LM334 
are 3-terminal 
adjustable 
cur- 
rent sources 
featuring 
10,000: 1 range 
in operating 
current, 


excellent 
current 
regulation 
and 
a wide 
dynamic 
voltage 
range of 1V to 40V. Current 
is established 
with one external 
resistor 
and no other 
parts are required. 
Initial current 
accu- 
racy is ±3%. 
The 
LM134/LM234/LM334 
are true floating 
current 
sources 
with no separate 
power supply connections. 
In addition, 
reverse 
applied 
voltages 
of up to 20V will draw 
only a few dozen 
microamperes 
of current, 
allowing 
the de- 
vices 
to act as both 
a rectifier 
and 
current 
source 
in AC 
applications. 


The sense voltage 
used to establish 
operating 
current 
in the 
LM134 
is 64 mV at 2S'C and is directly 
proportional 
to abso- 
lute 
temperature 
('K). 
The 
simplest 
one 
external 
resistor 
connection, 
then, 
generates 
a current 
with'" 
+0.33%/'C 
temperature 
dependence. 
Zero 
drift 
operation 
can 
be ob- 
tained 
by adding 
one extra resistor 
and a diode. 


Applications 
for the current 
sources 
include 
bias networks, 
surge 
protection, 
low 
power 
reference, 
ramp 
generation, 
LED 
driver, 
and 
temperature 
sensing. 
The 
LM134-3/ 


LM234-3 
and LM134-6/LM234-6 
are specified 
as true tem- 
perature 
sensors 
with 
guaranteed 
initial 
accuracy 
of 
± 3'C 
and 
±6'C, 
respectively. 
These 
devices 
are ideal in remote 
sense 
applications 
because 
series 
resistance 
in long 
wire 
runs does 
not affect 
accuracy. 
In addition, 
only 2 wires are 
required. 


The 
LM134 
is guaranteed 
over 
a temperature 
range 
of 
- SS'C to + 12S'C, the LM234 
from 
- 2S'C to + 1OO'C and 
the LM334 from O'C to + 70'C. 
These 
devices 
are available 
in TO-46 
hermetic, 
TO-92 
and 50-8 plastic 
packages. 


Features 


• 
Operates 
from 
1V to 40V 


• 
0.02%/V 
current 
regulation 


• 
Programmable 
from 
1 /LA to 10 mA 


• 
True 2-terminal 
operation 


• 
Available 
as fully specified 
temperature 
sensor 


• 
± 3 % initial accuracy 


SO-S 
Surface 
Mount 
Package 


V- 
V- 


7 
6 


SO-S Alternative 
Pinout 
Surface 
Mount 
Package 


HC 
HC 
HC 
HC 
8 
7 
6 
5 


TLiH/5697 -24 
Order 
Number 
LM334M 
See NS Package 
Number 
MOSA 


4 


HC 
TLiH/5697-25 
Order 
Number 
LM334SM 
see NS Package 
Number 
MOSA 


Basic 2-Termlnal 
Current 
Source 


+VIN 


i 
v. 
Rsn 
I 


T0-46 
Metal Can Package 


y+·0,- 


TLiH/5697-12 
Bottom View 
v - Pin is electrically 


connected 
to case. 
Order 
Number 
LM134H, 
LM134H-3, 
LM134H-6, 
LM234H 
or LM334H 
See NS Package 
Number 
H03H 


TO-92 
Plastic Package 


y+ 
R 
Y·8 


TL/H/5697 -10 
Bottom View 


Order 
Number 
LM334Z, 
LM234Z-3 
or LM234Z-6 
See NS Package 
NumberZ03A 


Absolute Maximum Ratings 
If Military/Aerospace 
specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


y+ 
to Y- 
Forward 
Yoltage 


LM1341 LM2341 LM334 
LM134-3/LM134-6/LM234-31 
LM234-6 


y+ 
to Y- 
Reverse 
Yoltage 


R Pin to Y- 
Yoltage 


Set Current 


Power Dissipation 


ESD Susceptibility 
(Note S) 


Operating 
Temperature 
Range 
(Note 
4) 
LM134/LM134-3/LM134-6 
LM234/LM234-31 
LM234-6 
LM334 


Soldering 
Information 
TO-92 
Package 
(10 sec.) 
TO-46 
Package 
(10 sec.) 
SO Package 
Vapor Phase (60 sec.) 
21S·C 
Infrared 
(1S sec.) 
220·C 


See AN-4S0 
"Surface 
Mounting 
Methods 
and Their 
Effect 
on Product 
Reliability" 
(Appendix 
D) for other 
methods 
of 
soldering 
surface 
mount 
devices. 


-SS·Cto 
+12S·C 
-2S·C 
to + 100·C 
O·Cto 
+70·C 


40Y 
30V 


20Y 


SV 


10mA 


400mW 


2000Y 


260·C 
300·C 


Parameter 
Conditions 
LM134/LM234 
LM334 
Units 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Set Current 
Error, y+ 
=2.SY, 
10 fLA,;;ISET';; 1 mA 
3 
6 
% 


(Note 2) 
1 mA<ISET';;S 
mA 
S 
8 
% 


2 fLA,;;ISET<10 
fLA 
8 
12 
% 


Ratio of Set Current 
to 
100 fLA,;;ISET,;;1 
mA 
14 
18 
23 
14 
18 
26 


Bias Current 
1 mA,;;lsET';;S 
mA 
14 
14 


2 fLA,;;ISET';; 100 fLA 
18 
23 
18 
26 


Minimum 
Operating 
Yoltage 
2 fLA';; ISET';; 100 fLA 
0.8 
0.8 
Y 


100 fLA<ISET';;1 
mA 
0.9 
0.9 
Y 


1 mA<ISET';;S 
mA 
1.0 
1.0 
Y 


Average 
Change 
in Set Current 
2 fLA';;ISET';;1 
mA 


with Input Yoltage 
l.S,;;Y+ 
,;;SY 
0.02 
O.OS 
0.02 
0.1 
%/V 
SY,;;Y+ 
';;40Y 
0.01 
0.03 
0.01 
O.OS 
%/V 


1 mA<lsET';;S 
mA 


1.SY';;Y';;SY 
0.03 
0.03 
%/V 
SY,;;Y,;;40Y 
0.02 
0.02 
%/V 


Temperature 
Dependence 
of 
2S fLA';;ISET';;1 
mA 
0.96T 
T 
1.04T 
0.96T 
T 
1.04T 


Set Current 
(Note 3) 


Effective 
Shunt Capacitance 
1S 
1S 
pF 


Note 1: Unless otherwise 
specrtied, tests are performed 
at Tj = 2SoC with pulse testing so that junction temperature 
does not change 
during test. 


Note 
2: Set current is the current flowing into the V+ 
pin. For the Basic 2-Terminal 
Current Source 
circuit shown on the first page of this data sheet. 
ISET is 


determined 
by the following formula: ISET=67.7 
mV/RSET 
(ct 2S°C). Set current error is expressed 
as a percent 
deviation from this amount. 
ISET increases 
at 
0.336%rC 
II Tj=25'C 
(227 p.vrC). 


Note 
3: ISET is directly proportional 
to absolute temperature 
rK). ISET at any temperature 
can be calculated 
from: 'SET = 10(TIT 0) where 10is ISET measured 
at To 
rK). 


Note 
4: For elevated 
temperature 
operation, 
Tj max is: 


LM134 
1SO"C 


LM234 
12S'C 


LM334 
100"C 


Thermal Re.lstance 
TQ-92 
TO-46 
50-8 


6ja (Junction to Ambient) 
180"C/W 
(0.4' leads) 
440"C/W 
16S'C/W 


16O"C/W (0.12S' leads) 


9jc (Junction to Case) 
N/A 
3'Z'C/W 
80"C/W 


Set Current 
Error, V + = 2.5V, 
100foLA:S:ISET:S:1mA 
±1 
±2 
% 
~ 
(Note 2) 
T=25' 
- 
r- 


Equivalent 
Temperature 
Error 
±3 
±6 
'C 
3: 
Co) 
Co) 
Ratio of Set Current 
to 
100 ",A:S:ISET:S:1 mA 
14 
18 
26 
14 
18 
26 
~ 


Bias Current 


Minimum 
Operating 
Voltage 
100 foLAISET:S:1 mA 
0.9 
0.9 
V 


Average 
Change 
in Set Current 
100 ",A:s:ISET:S:1 mA 


with Input Voltage 
1.5:s:V+ 
:S:5V 
0.02 
0.05 
0.02 
0.01 
%/V 


5V:s:V+ 
:S:30V 
0.01 
0.03 
0.01 
0.05 
%/V 


Temperature 
Dependence 
of 
100 ",A:S: ISET:S:1 mA 
0.98T 
T 
1.02T 
0.97T 
T 
1.03T 


Set Current 
(Note 3) and 


Equivalent 
Slope Error 
±2 
±3 
% 


Effective 
Shunt Capacitance 
15 
15 
pF 


Typical Performance 
Characteristics 


Maximum 
Slew 
Rate for 


Output 
Impedance 
Linear 
Operation 
Start-Up 


108 
10 
1 
1 


~ 
I",l~"" 


10,.,. 
" 
:- 
-200", 


0 
1'1.11 
1 
1.0 
1 
1 
~ 
101 
w 
~ 
100"" 
u 
~ 
\ 
1- 
-50", 
.. 
... 
c 
- 
,I"'~oo~ 
c 
O.! 
0 
.. 
.• 
M 
I 
i 
107 
~ 
1 


lmA 


1-1mA 
0.01 
rJ 
1- 
-5", 
0 
I 


I 
I 
5Y 
,NPUT 


101 
0.001 
OY 


10 
100 
1. 
10k 
1"" 
10,.,. 
100,.,. 
lmA 
IOmA 


FREOUENCV 
(Hz) 
ISET 
TIME(NoltUI 
chln",lt.a 
curmrtIMiI 


Transient 
Response 
Voltage 
Across 
RSET (VR) 
Current 
Noise 


_2",1 
1 
I 
I 


86 
10k 


1 
:- 
82 
.1. 
'SET "ImA 
III 


0 
78 
./ 
III 
v 
Y+TOY--SV 
74 
~ 


1k 
II 


-1 
.oV·O.4V 
:> 
./ 
'SET- SmA 


g 
S· 
"tr,t· 
50Dns 
.! 
70 
! 
.. 
-'SET"lmA 
, 0 
c 
66 
... 
100 


-5 ,f'" 


'SET" 
100,.,. 
!:; 
62 
! 


=!sE'T':'106,.,. 
T 
I 
1 
.. 
V 
:- 
56 
10 
I. 
1\ 
1 
1 
I 
./ 
='SET " 10,.,. 


54 
10 


0 
iW 
'SET" 
10"" 
/ 
-10 
50 
1111 


50",- - 
1 
1 
1 
46 
1 
1111 


-50 
-25 
0 
25 
50 
75 
lDO 
125 
10 
100 
1. 
10k 
100. 


TIME{Notl ai, 
chlnges for I.h wrrtntl 
TEMPERATURE 
rCI 
FREQUENCY 
(Hz) 


TLIH/5697-2 


0.8 
0.' 
1.0 
1.2 


V+ TO V- 
VOLTAGE 


Application 
Hints 


The LM134 has been designed for ease of application, but a 
general discussion of design features is presented here to 
familiarize the designer with device characteristics which 
may not be immediately obvious. These include the effects 
of slewing, power dissipation, capacitance, noise, and con- 
tact resistance. 


CALCULATING 
RSET 


The total current through the LM134 (ISET)is the sum of the 
current going through the SET resistor (IR)and the LM134's 
bias current (ISlAS),as shown in Figure 
1. 


+VIN 


A graph showing the ratio of these two currents is supplied 
under Ratio 
of ISET to 
ISlAS in the Typical Performance 


Characteristics section. The current flowing through ASETis 
determined by VR, which is approximately 214 /l-VrK 
(64 mV/298°K - 
214 /l-VrK). 


VR 
ISET= IR + ISlAS= -- 
+ ISlAS 
ASET 


l/ 
/ 
"\ 
\ 


1\ 


co 
~ 
18 


"" 


lDOpA 
lmA 


ISET 


Since (for a given set current) ISlASis simply a percentage 
of ISET,the equation can be rewritten 


ISET= (~) 
(_n 
) 
ASET 
n - 
1 
where n is the ratio of ISETto ISlASas specified in the Elec- 
trical Characteristics Section and shown in the graph. Since 
n is typically 18 for 2 /l-A ,;; ISET,;; 1 mA, the equation can 
be further simplified to 


( 
VR ) 
2271'VrK 
ISET= 
-- 
(1.059) = 


ASET 
ASET 
for most set currents. 


SLEW 
RATE 
At slew rates above a given threshold (see curve), the 
LM134 may exhibit non-linear current shifts. The slewing 
rate at which this occurs is directly proportional to 'SET.At 
ISET = 10 /l-A, maximum dV/dt is O.01V//l-s; at ISET = 
1 mA, the limit is 1VI/l-s. Slew rates above the limit do not 
harm the LM134, or cause large currents to flow. 


THERMAL 
EFFECTS 
Internal heating can have a significant effect on current reg- 
ulation for ISETgreater than 100 /l-A. For example, each 1V 
increase across the LM134 at ISET = 1 mA will increase 
junction temperature by ::::0.4°C in still air. Output current 
(ISET)has a temperature coefficient of ::::0.33%rC, so the 
change 
in 
current 
due 
to 
temperature 
rise 
will 
be 


(0.4) (0.33) = 0.132%. This is a 10:1 degradation in regula- 
tion compared to true electrical effects. Thermal effects, 
therefore, must be taken into account when DC regulation is 
critical and ISETexceeds 100 /l-A.Heat sinking of the TO-46 
package or the TO-92 leads can reduce this effect by more 
than 3:1. 


Application 
Hints 
(Continued) 


SHUNT 
CAPACITANCE 


In certain 
applications, 
the 
15 pF shunt 
capacitance 
of the 
LM134 
may have to be reduced, 
either 
because 
of loading 
problems 
or because 
it limits 
the AC output 
impedance 
of 
the current 
source. 
This can be easily accomplished 
by buff- 
ering the LM134 
with an FET as shown 
in the applications. 
This can reduce 
capacitance 
to less than 3 pF and improve 
regulation 
by at least an order 
of magnitude. 
DC character- 


istics (with the exception 
of minimum 
input voltage), 
are not 


affected. 


NOISE 


Current 
noise 
generated 
by the 
LM134 
is approximately 
4 
times the shot noise of a transistor. 
If the LM 134 is used as 
an active 
load for a transistor 
amplifier, 
input referred 
noise 


will 
be increased 
by about 
12 dB. 
In many 
cases, 
this 
is 
acceptable 
and a single 
stage 
amplifier 
can be built with a 


voltage 
gain exceeding 
2000. 


LEAD RESISTANCE 


The 
sense 
voltage 
which 
determines 
operating 
current 
of 
the LM134 
is less than 
100 mY. At this level, thermocouple 
or lead resistance 
effects 
should 
be minimized 
by locating 
the 
current 
setting 
resistor 
physically 
close 
to the 
device. 
Sockets 
should 
be avoided 
if possible. 
It takes 
only 
0.70 


contact 
resistance 
to reduce 
output 
current 
by 1% at the 
1 mA level. 


SENSING 
TEMPERATURE 


The LM134 
makes 
an ideal remote 
temperature 
sensor 
be- 
cause 
its current 
mode 
operation 
does 
not lose 
accuracy 
over long wire runs. Output 
current 
is directly 
proportional 
to 
absolute 
temperature 
in degrees 
Kelvin, 
according 
to the 
following 
formula: 


(227 ",VfOK) (T) 
ISET = 
R 
SET 
Calibration 
of the LM 134 is greatly simplified 
because 
of the 
fact that 
most of the initial inaccuracy 
is due to a gain term 
(slope error) and not an offset. 
This means that a calibration 
consisting 
of a gain adjustment 
only will trim both slope and 
zero at the same time. In addition, 
gain adjustment 
is a one 
point trim because 
the output 
of the LM134 
ex1rapolates 
to 
zero at O'K. independent 
of RSET or any initial inaccuracy. 


FIGURE 
2. Gain Adjustment 


This property 
of the LM134 
is illustrated 
in the accompany- 
ing graph. 
Line abc is the sensor 
current 
before 
trimming. 
Line a'b'c' 
is the desired 
output. 
A gain trim done at T2 will 
move the output 
from b to b' and will simultaneously 
correct 
the 
slope 
so that 
the output 
at T1 and T3 will be correct. 


This gain trim can be done on RSET or on the load resistor 


used to terminate 
the LM134. 
Slope error after trim will nor- 


mally be less than ± 1%. To maintain 
this accuracy, 
howev- 
er, a low temperature 
coefficient 
resistor 
must be used for 


RSET· 
A 33 ppmfOC drift 
of RSET will give a 1% slope 
error 
be- 


cause the resistor 
will normally 
see about the same temper- 
ature 
variations 
as the 
LM134. 
Separating 
RSET from 
the 


LM134 
requires 
3 wires 
and has lead resistance 
problems, 


so is not normally 
recommended. 
Metal 
film resistors 
with 
less than 20 ppmfOC drift are readily 
available. 
Wire wound 


resistors 
may also be used where 
best stability 
is required. 


APPLICATION 
AS A ZERO TEMPERATURE 
COEFFICENT 
CURRENT 
SOURCE 


Adding 
a diode and a resistor 
to the standard 
LM134 
config- 
uration 
can cancel 
the temperature-dependent 
characteris- 


tic of the LM134. 
The circuit shown 
in Figure 3 balances 
the 
positive 
tempco 
of the 
LM134 
(about 
+0.23 
mVfOC) with 


the 
negative 
tempco 
of 
a 
forward-biased 
silicon 
diode 


(about 
-2.5 
mVfOC). 


+ 
t 
VR 
R1 


~ 
R2 
+ 


lN457 
t 
VO 
~ 


TL/H/5697-26 


FIGURE 
3. Zero Tempco 
Current 
Source 


The set current 
(ISET) is the sum of I, and 12,each contribut- 
ing approximately 
50% of the set current, 
and ISlAS. ISlAS is 


usually 
included 
in the 
I, term 
by increasing 
the VR value 


used for calculations 
by 5.9%. 
(See CALCULATING 
RSET.) 


ISET = I, + 
12 + 
ISlAS, where 


I, = ~ 
and 
12= VR + Vo 
R, 
R2 


The first step is to minimize 
the tempco 
of the circuit, 
using 
the following 
equations. 
An example 
is given 
using a value 
of 
+ 227 
",VfOC 
as the 
tempco 
of the 
LM134 
(which 
in- 


cludes the ISlAS component), 
and - 2.5 mV fOC as the temp- 


co of the diode (for best results, 
this value should 
be directly 


measured 
or obtained 
from the manufacturer 
of the diode). 


ISET = I, + 
12 


dlSET = ~ 
+ dl2 
dT 
dT 
dT 


:::::227 ",VfOC + 227 ",V/'C 
- 
2.5 mVfOC 


R, 
R2 
= 0 (solve for tempco = 0) 
• 


Application 
Hints 
(Continued) 


R2 '" 
_2._5_m_V_/_'C_-_2_2_7_IJo_V_/'_C 
'" 
10.0 
R1 
227 IJoV/,C 


With 
the R1 to R2 ratio 
determined, 
values 
for R1 and R2 
should 
be determined 
to give the desired 
set current. 
The 
formula 
for calculating 
the set current 
at T = 25'C 
is shown 
below, 
followed 
by an example 
that 
assumes 
the forward 
voltage 
drop 
across 
the 
diode 
(VD) is 0.6V, 
the 
voltage 
across 
R1 is 67.7 mV (64 mV + 
5.9% 
to account 
for ISlAS), 
and R2/R1 
= 10 (from the previous 
calculations). 


ISET = 11 + 
12 + 
ISlAS 
= VR + _V_R_+_V_D 


R1 
R2 


67.7 mV 
67.7 mV + 0.6V 
'" --- 
+ ------ 
R1 
10.0 R1 


0.134V 
ISET"'-- 
R1 


This circuit 
will eliminate 
most of the LM134's 
temperature 


coefficient, 
and it does a good job even if the estimates 
of 
the diode's 
characteristics 
are not accurate 
(as the following 
example 
will show). 
For lowest 
tempco 
with a specific 
diode 
at the desired 
ISET, however, 
the circuit 
should 
be built and 
tested 
over temperature. 
If the measured 
tempco 
of ISET is 
positive, 
R2 should 
be reduced. 
If the 
resulting 
tempco 
is 
negative, 
R2 should 
be increased. 
The recommended 
diode 


for use in this 
circuit 
is the 
1N457 
because 
its tempco 
is 
centered 
at 11 times the tempco 
of the LM134, 
allowing 
R2 
= 
10 R1. You can also use this circuit 
to create 
a current 


source 
with non-zero 
tempcos 
by setting 
the tempco 
com- 
ponent 
of the tempco 
equation 
to the desired 
value instead 
of O. 


EXAMPLE: 
A 1 mA, Zero-Tempco 
Current 
Source 


First, solve 
for R1 and R2: 


0.134V 
ISET '" 
1 mA = ---R1 


R1 = 1340 = 10R2 


R2 = 13400 


Ground 
Referred 
Fahrenheit 
Thermometer 


R4 
56k 


RZ R3* 


100 
LM33&Z 
II! 
Z.5V* 


TLIH/5697-15 


'SeJect R3 ~ VREF/583 ~A. VREF may be any stable positive voltage 
;;,2V 
Trim R3 to calibrate 


The values 
of R, and R2 can be changed 
to standard 
1% 
resistor 
values 
(R, 
= 1330 
and R2 = 1.33 kO) with 
less 
than a 0.75% 
error. 


If the forward 
voltage 
drop of the diode 
was 0.65V 
instead 
of the estimate 
of 0.6V (an error of 8%), the actual 
set cur- 
rent will be 


67.7 mV 
67.7 mV + 0.65V 
JSET = --- 
+ ------ 
R1 
R2 


67.7 mV 
67.7 mV + 0.65V 
= --- 
+ ------ 
133 
1330 


= 1.049 mA 


an error of less than 5%. 


If the estimate 
for the tempco 
of the diode's 
forward 
voltage 
drop was off, the tempco 
cancellation 
is still reasonably 
ef- 
fective. 
Assume 
the tempco 
of the diode 
is 2.6 mV /'C 
in- 
stead 
of 2.5 mV/'C 
(an error 
of 4%). 
The 
tempco 
of the 
circuit 
is now: 


dlSET = ~ 
+ dl2 
dT 
dT 
dT 


= 227 IJoV/,C + 227 IJoV/,C - 
2.6 mV/'C 


1330 
13300 
= -77 
nA/'C 


A 1 mA LM 134 current 
source with no temperature 
compen- 
sation 
would 
have 
a set 
resistor 
of 680 
and 
a resulting 
tempco 
of 


227 IJoV/'C 
C 
680 
= 3.3 IJoAl' 


So even if the diode's 
tempco 
varies as much as ±4% 
from 
its estimated 
value, 
the 
circuit 
still eliminates 
98% 
of the 
LM134's 
inherent 
tempco. 


Terminating 
Remote 
Sensor 
for Voltage 
Output 


+VIN 


r 


VOUT ~ (ISET)(Rl) 
- 
IOmVfK FOR 
RSET-Z30n 
RL 
RL'10kn 


Low Output Impedance Thermometer 


VIN~4.8V 


Low Output Impedance Thermometer 


+VIN 


Mlcropower Bias 


+VIN 


-VIN 


TUH/58ll7-17 


·Output impedance of the LM134 at the "R" pin is 


approximately 
~ :2 
where 
R2 is the equivalent 


external resistance connected 
from the V - pin to 


ground. This negative resistance 
can be reduced 
by a factor of 5 or more by inserting an equivalent 
resistor R3 = (R2/16) in series with the output. 


Higher Output Current 


+VIN 


• 


1.2V Reference Operates on 10 ",A and 2V 


+VIN~ 
ZV 


TLiH/5697-2Q 


·8elect 
ratio of R1 to R2 to obtain zero temperature 
drift 


1L1ed 


1.2V Regulator with 1.8V Minimum Input 


VIN~UV 


VOUT"1.2V 
IOUT~211O~A 


lN457 


TLiH/5697-7 


•Select ratio of A 1 to R2 for zero temperature 
drift 


·For ± 10% adjustment, 
select RSET 


10% high, and make R1 '" 
3 RSET 


Typical Applications 
(Continued) 


FET Cascodlng for Low Capacitance and/or Ultra High Output Impedance 


+YIN 


Generating Negative Output Impedance 


+YIN 


In-Line Current Limiter 


RSET 


TLIH/5697-23 


'ZoUT == -16· 
R1 (R11V,NmustnolexceedISET) 


TLIH/5697 -9 


·Use minimum value required to ensure stability of protected 
device. This 


minimizes inrush current to a direct short. 


t!lNational 
Semiconductor 


LM 135/LM235/LM335, 
LM 135A/LM235A/LM335A 


Precision Temperature 
Sensors 


General Description 
The LM135 series are precision, easily-calibrated, integrat- 
ed circuit temperature sensors. Operating as a 2-terminal 
zener, the LM135 has a breakdown voltage directly propor- 
tional to absolute temperature at + 10 mVI'K. With less 
than 1n dynamic impedance the device operates over a 
current range of 400 /LAto 5 mA with virtually no change in 
performance. When calibrated at 25'C the LM135 has typi- 
cally less than 1'C error over a 100'C temperature range. 
Unlike other sensors the LM135 has a linear output. 


Applications for the LM135 include almost any type of tem- 
perature sensing over a - 55'C to + 150'C temperature 
range. The low impedance and linear output make interfac- 
ing to readout or control circuitry especially easy. 


The LM135 operates over a - 55'C to + 150'C temperature 
range while the LM235 operates over a - 40'C to + 125'C 


temperature range. The LM335 operates from -40'C 
to 
+ 100'C. The LM135/LM235/LM335 
are available pack- 


aged in hermetic TO-46 transistor packages while the 
LM335 is also available in plastic TO-92 packages. 


Features 
• 
Directly calibrated in 'Kelvin 
• 
1'C initial accuracy available 
• 
Operates from 400 /LA to 5 mA 
• 
Less than 1n dynamic impedance 
• 
Easily calibrated 
• 
Wide operating temperature range 
• 
200'C overrange 
• 
Low cost 


Connection 
Diagrams 


TO-92 


Plastic Package 
SO-8 
Surface 
Mount Package 
m 


e 
NC 
+ 


2 
7 
NC 
NC 
3 
6 
NC 
NC 
• 
5 
- 
AOJ 


TL/H/5698-25 
Order 
Number 
LM335M 
or 
LM335AM 
See NS Package 
Number 
M08A 


TO-46 
Metal Can Package' 


Bottom View 


Order 
Number 
LM335Z 
or LM335AZ 


see NI 
Package 
Number 
Z03A 
·Case 
is connected 
to negative 
pin 


Order 
Number 
LM135H, 


LM135H·M11, 
LM235H, 
LM335H, 


LM135AH, 
LM235AH 
or LM335AH 


See NS Package 
Number 
H03H 


Absolute Maximum Ratings 


If Military/Aerospace 
specified 
devices 
are required, 
Specified Operating Temp. Range 
please 
contact 
the 
National 
Semiconductor 
Sales 
Intermittent 


Office/Distributors 
for availability 
and specifications. 
Continuous 
(Note 2) 


(Note 4) 
LM135, LM135A 
-55·C to + 150·C 
150·C to 200"C 


Reverse Current 
15mA 
LM235, LM235A 
- 40·C to + 125·C 
125·C to 150·C 


Forward Current 
10mA 
LM335, LM335A 
-40·C to + 100·C 
1OO"Cto 125·C 


Storage Temperature 
Lead Temp. (Soldering, 10 seconds) 


T0-46 Package 
-60·C to + 180·C 
TO-92 Package: 
260"C 
T0-92 Package 
-60·C to + 150·C 
TO-46 Package: 
300·C 
SO-8 Package 
-65·C to + 150·C 
SO-8 Package: 
300"C 


Vapor Phase (60 seconds) 
215·C 


Infrared (15 seconds) 
220·C 
Temperature Accuracy 
LM135/LM235, LM135A1LM235A (Note 1) 


Parameter 
Conditions 
LM135A/LM235A 
LM135/LM235 
Units 


Min 
Typ 
Max 
Min 
Typ 
Max 


Operating Output Voltage 
Tc = 25·C, IR = 1 mA 
2.97 
2.98 
2.99 
2.95 
2.98 
3.01 
V 


Uncalibrated Temperature Error 
TC = 25·C, IR = 1 mA 
0.5 
1 
1 
3 
·C 


Uncalibrated Temperature Error 
TMIN ,;; Tc ,;; TMAX,IR = 1 mA 
1.3 
2.7 
2 
5 
·C 


Temperature Error with 25·C 
TMIN ,;; Tc';; TMAX,IR = 1 mA 
0.3 
1 
0.5 
1.5 
·C 
Calibration 


Calibrated Error at Extended 
Tc = TMAX(Intermittent) 
2 
2 
·C 
Temperatures 


Non-Linearity 
IR = 1 mA 
0.3 
0.5 
0.3 
1 
·C 


Temperature Accuracy 
LM335, LM335A (Note 1) 


Parameter 
Conditions 
LM335A 
LM335 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Operating Output Voltage 
Tc = 25·C,IR = 1 mA 
2.95 
2.98 
3.01 
2.92 
2.98 
3.04 
V 


Uncalibrated Temperature Error 
TC = 25·C, IR = 1 mA 
1 
3 
2 
6 
·C 


Uncalibrated Temperature Error 
TMIN,;; Tc';; TMAX,IR = 1 mA 
2 
5 
4 
9 
·C 


Temperature Error with 25·C 
TMIN,;; Tc';; TMAX,IR = 1 mA 
0.5 
1 
1 
2 
·C 
Calibration 


Calibrated Error at Extended 
Tc = TMAX(Intermittent) 
2 
2 
·C 
Temperatures 


Non-Linearity 
IR = 1 mA 
0.3 
1.5 
0.3 
1.5 
·C 


Electrical Characteristics 
(Note 1) 


LM135/LM235 
LM335 


Parameter 
Conditions 
LM135A1LM235A 
LM335A 
Units 


Min 
Typ 
Max 
Mln 
Typ 
Max 


Operating Output Voltage 
400 ",A,;;IR,;;5 mA 
2.5 
10 
3 
14 
mV 
Change with Current 
At Constant Temperature 


Dynamic Impedance 
IR=1 mA 
0.5 
0.6 
n 


Output Voltage Temperature 
+10 
+10 
mV/"C 
Coefficient 


Time Constant 
Still Air 
80 
80 
sec 


100 ft/Min Air 
10 
10 
see 


Stirred Oil 
1 
1 
see 


Time Stability 
Tc=125·C 
0.2 
0.2 
·C/khr 


Note 1: Accuracy 
measurements 
are made in a well·stirrecl oil bath. For other conditions, 
self heating must be considered. 


Note 2: Continuous 
operation 
at these temperatures 
for 10,000 hours for H package and 5.000 hours for Z package may decrease 
life expectancy 
of the device. 


Note 3: 
Thermal Resistance 
TQ.92 
TQ.46 
SO·8 
8JA ijunction to ambient) 
202"C/W 
400'C/W 
165"C/W 


8JC ijunction to case) 
17frC/W 
N/A 
N/A 


•••• 
4: Reier to RETS135H 
for military specifications. 


Typical Performance Characteristics 


Reverse Voltage Change 
Calibrated Error 
Reverse Characteristics 


9 
I I 
4 
10 


:; 
I 
IT.• 1_55!C 
'j- 25°C 
.! 
;l- 
i; 
c 
~ 
I 
.. 
.' 
I 
'- 
2 
.! 
.. 
I 
0: 
•.. 


5 
~ 
~~ 
~ 
... 
~ 
Tj'~5'f1 
~ 
5 
./ 
Tj'f~ 
C 
~ 
~ 
.. 
:;: 
0 
1 
'" 
4 
~ 
l/ 
.A""JA"'" 
~ 
ffi 
0 
3 
> 


"1'IJ5·L 
! 
2 
-2 
~ 
~ •... 
'I 
I 
I 
5 
0: 


Tjj 
'25i 
C 


- 
~ 
I 


•••••••• 
'f'l 
0: 
I I 
-4 
~ 
0 
0.1 
0 
2 
4 
I 
I 
10 
-55 
-15 
25 
15 
105 
145 
115 
1 
2 
3 
4 
5 


REVERSE CURRENT (mAl 
TEMPERATURE rCI 
REVERSE VOLTAGE (V) 
- 


Response Time 
Dynamic Impedance 
Noise VQltage 
4 
.H··"-lh 


100 
310 
Iz-1mA 


3 
n 
§ 
Tj -25°C 
~ 
I- 'oUTPUT~f-IN"lT 
10 I 
I 
I 
II 
320 
~ 
.. 
2 
u 
~ 
.. 
i 


OUTPUT 
'" 
I\. 
0 
~ 
1 
i 
ET"-55'C 
~ 
210 
.•.•.... 


~ 
0 
j 
1 
i;'125"C.""I. 
....." 
I 
15 
'"' 


0 
, 


> 
10 
.. 
.. 
2CO 
_IIN~UT 
~ 


0 
0.1 I 
I 
Tj' 
25'C----1 


200 
0 
1 
2 
3 
4 
5 
10 
100 
10 
10k 
100' 
10 
100 
I.' 
10k 
100. 


TlME( •• ) 
FREQUENCY 
(Hz) 
- 
FREQUENCY 
(Hz) 


Thermal Resistance 
Thermal Response 
Junction to Air 
Thermal Time Constant 
in Stili Air 
400 
45 
! 
40 
~ 100 
g 
35 
/V' 
•.. 
300 
~ 
10 
~ 
!e 
30 
~ 
.. 
•.. 


~ 


.. 
25 
: 
10 
'" 
II 
210 
~ 
TO~ 
20 
•• 
40 
I 
~ 
8 
0 
II 
~ 
15 
! 


20 
:E 
TO'" 
110 
>= 
10 


'" 


TO-l2 
~ 
•.. 


5 
0 


0 
I I 
0 
TO·92 


0 
400 
100 
1210 
1100 
2000 
0 
COO 
100 
1200 
1100 
2000 
0 
2 
4 
I 
I 


AIR VELOCITY (FPMI 
AIR VELOCITY(FPMI 
TIME (MINUTES) 


Thermal Response in 
Forward Characteristics' 
Stirred 011Bath 
1.4 - IL 
~ 100 
1.2 - 
~ 
90 
~ 
1.0 - 
'" 
~ 
_ •... 
> 
'" 
J 
80 
~ 
0.8 
:;::;;;;0 
'" 
-T' 
~ 
I 
0 
I'C 
> 
~ 
40 I 
~ 
0.1- 
I -,. 
0 
'" 
:::::: 
•.. 


20 
~ 
0.4 
z 
- 
u 
~ 
tfui 


0:~ 
0 
0.2 - 


0 - 
0 
2 
4 
I 
8 
0.1 
1 
10 


TIME (SECONOS) 
FORWAROCURRENT (mAl 


TL/H/5698-3 


the device for higher acc~racies. A 'pot connected acros~ 
the LM135 with the arm tied to the adjustment terminal al- 
lows a 1-point calibration of the sensor that corrects for 
inaccuracy over the full temperature range. 
This single point calibration works because the output of the 
LM135 is proportional to absolute temperature with the ex- 
trapolated output of sensor going to OV output at O'K 
(- 273. 15'C). Errors in output voltage versus temperature 
are only slope (or scale factor) errors so a slope calibration 
at one temperature corrects at all temperatures. 
The output of the device (calibrated or uncalibrated) can be 
expressed as: 
T 
VOUTT= VOUTToX To 


where T is the unknown temperature and To is a reference 
temperature, both expressed in degrees Kelvin. By calibrat- 
ing the output to read correctly at one temperature the out- 
put at all temperatures is correct. Nominally the output is 
calibrated at 10 mVI'K. 


Typical Applications 


Basic Temperature Sensor 


v+ 


can reduce accuracy. The LM135 should be operated at the 
lowest current suitable for the application. Sufficient current, 
of course, must be available to drive both the sensor and 
the calibration pot at the maximum operating temperature 
as well as any external loads. 
If the sensor is used in an ambient where the thermal resist- 
ance is constant, self heating errors can be calibrated out. 
This is possible if the device is run with a temperature stable 
current. Heating will then be proportional to zener voltage 
and therefore temperature. This makes the self heating er- 
ror proportional to absolute temperature the same as scale 
factor errors. 


WATERPROOFING SENSORS 
Meltable inner core heat shrinkable tubing such as manu- 
factured by Raychem can be used to make low-cost water- 
proof sensors. The LM335 is inserted into the tubing about 
y." from the end and the tubing heated above the melting 
point of the core. The unfilled 'I.' end melts and provides a 
seal over the device. 


Wide Operating Supply 


v+ 
5V-40V 


Minimum Temperature Sensing 


15V 


Average Temperature Sensing 


15V 


TMIN 
10mVfK 


lM3J5 


Wire length for 1°C error due to wire drop 
IR = 1 mA 
IR = O.SmA- 


FEET 
FEET 
4000 
8000 
2500 
5000 
1600 
3200 
1000 
2000 


625 
1250 
400 
800 


AWG 
14 
16 
18 
20 
22 
24 


UII335 
L~H!tuRNS 


--- 
42&8-0007 
• 
.,'~ 


2k 


R",. 


4.55l 


'Adjust 
R2 for 2.554V across LM336. 


Adjust R1 for correct output. 


liV 


,,, 
IOUTPUT 


1••• VrC 


L1W' 
I. 


'::' 


TL/H/5698-23 


'Adjust 
for 2.7315V at output of LM306 


} 


OUTPUT 
1••vfF 


·To calibrate adjust R2 for 2.554V across LM336. 


Adjust R1 for correct output. 


THERMOCOUPLE 
COLD JUNCTION 
COMPENSATION 
Compensation 
for Grounded 
Thermocouple 


., 


101< 


11.510 III 
+ 


'Select 
R3 for proper 
thermocouple 
type 


THERMO- 
R3 
SEEBECK 


COUPLE 
(± 1%) 
COEFFICIENT 


J 
37711 
52.3/LVrC 


T 
30811 
42.8/LVrC 


K 
29311 
40.8/LVrC 


S 
45.811 
6.4/LVrC 


Adjustments: 
Compensates 
for both sensor and resistor tolerances 


1. Short LM329B 


2. Adjust R1 for Seebeck Coefficient 
times ambient temperature 
(in degrees 


K) across R3. 


3. Short LM335 and adjust R2 for voltage across R3 corresponding 
to ther- 


mocouple 
type 
J 
T 


14.32 mV 
11.79 mV 


11.17mV 


1.768 mV 


Centigrade Calibrated Thermocouple 
Thermometer 


214. 
'" 


Differential Temperature 
Sensor 


'Ilk 


1Il1o 


\ 


2. 
02 
LOWs 
\ 


":' 
\ 


'Il1o 
\ 
5GIl 


Terminate 
thermocouple 
reference 
junction 
in 
close proximrty to LM335. 


Adjustments: 


1. Apply signal in place of thermocouple 
and ad- 


just R3 for a gain of 245.7. 


2. Short non-inverting 
input of LM308A and out- 


put of LM329B to ground. 


3. Adjust R, so that VOUT - 
2.982V 
@ 25·C. 


4. Remove short across LM3298 
and adjust R2 
so that VOUT - 
246 mV 
@ 25·C. 


5. Remove short across thermocouple. 


THIIlMALLYCOUPU'-- 
- 
- 
- 
- 
- 
- --=--r 


IV-'2V 
tAdjust 
01 to 50 mV greete( Vz than 02. 


Charge terminates 
on 5-C temperature 
rise. Couple 02 to battery. 
'=" 
TUH/5898-13 


Differential Temperature Sensor 


15V 


lk 
e>===A." 
CLOSE 
.~ 


FOR 
- 
IVrC 
IOk- 


• Adjust for zero with sensor at lYC and lOT pot set at lYC 


•Adjust for zero output with lOT pot set at l00'C 
and sensor 
at l00'C 


*Output 
reads difference 
between tempenlture 
and diel setting 


of lOT pol 


Definition of Terms 


Operating 
Output 
Voltage: 
The voltage appearing across 


the positive and negative terminals of the device at speci- 
fied conditions of operating temperature and current. 


Uncalibrated 
Temperature 
Error: The error between the 


operating output voltage at 10 mV/"K and case temperature 
at specified conditions of current and case temperature. 


50« 
TRIP POINT 
ADJUST 


Calibrated 
Temperature 
Error: The error between operat- 
ing output voltage and case temperature at 10 mV/"K over 
a temperature range at a specified operating current with 
the 25'C error adjusted to zero. 


Section 6 


Sample and Hold 


Section 6 Contents 


Sample and Hold Definition of Terms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
6-3 
Sample and Hold Selection Guide 
6-4 
LF198/LF298/LF398/LF198A1LF398A 
Monolithic Sample and Hold Circuits 
6-5 


LF13006/LF13007 
Digital Gain Set................................................... 
6-15 
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Semiconductor 


Sample and Hold 
Definition of Terms 


Acquisition 
Time: The time required to acquire a new ana- 


log input voltage once a sample command has been given. 
A signal is "acquired" when it has settled within a specified 
error band around its final value of output voltage. The maxi- 
mum value of the acquisition time occurs when the hold 
capacitor must change te a full-scale voltage change. Note 
that acquisition time is not just the time required for the 
output to settle, but also includes the time required for all 
internal nodes to settle so that the output assumes the 
proper value when switched to the hold mode. 


Aperture 
Jetter: The uncertainty in the aperture time. Aper- 
ture jitter results from noise which is superimposed on the 
hold command which affects its timing. 


Aperture 
Time 
(Aperture 
Delay): 
The delay required be- 


tween "Hold" command and an input analog transition, so 
that the transition does not affect the held output. 


Droop 
Rate: The rate at which the output voltage is chang- 
ing in hold mode as a result of leakage from the hold capaci- 
tor. 


Dynamic 
Sampling 
Error: 
The error introduced into the 


held output due to a changing analog input at the time the 
hold command is given. Error is expressed in mV with a 
given hold capacitor value and input slew rate. Note that 
this error term occurs even for long sample times. 


Feedthrough 
Attenuation 
Ratio: The fraction of the input 


signal that appears at the output while the S/H is in hold 
mode. 


Gain Error: The ratio of output voltage swing to input volt- 
age swing in the sample mode expressed as a percent dif- 
ference. 


Hold Capacitor 
Leakage 
Current: 
The current which flows 


into or out of the hold capacitor while the S/H is in hold 
mode. 


Hold 
Settling 
Time: 
The time required for the output to 


settle within a specified error band after the "hold" 
logic 


command has been given. 


Hold 
Step: The voltage step at the output of the sample 


and hold when switching from sample mode to hold mode 
with a steady (DC) analog input voltage. 


Sample-to-Hold 
Transient: 
The transient that appears at 


the output due to a sample-to-hold transition. 


tfJNational 
Semiconductor 


Sample and Hold Selection Guide 


LF198A 
LF398A 
LF198 
LF398 
LF298 
Units 


Accuracy 
0.01 
0.01 
0.02 
0.02 
0.02 
% Max 
Gain/Offset 
Error 


Offset 
Voltage 
2 
3 
5 
10 
5 
mVMax 


Droop Rate (25'C) 


Cs = 1000pF 
30 
30 
30 
30 
30 
mV/sec 


Cs = 10000pF 
3 
3 
3 
3 
3 


Acquisition 
Time (25'C) 


Cs = 1000pF 
4 
4 
4 
4 
4 
J.Ls 


Cs = 10000pF 
20 
20 
20 
20 
20 


Aperture 
Time (25'C) 
250 
250 
250 
250 
250 
ns 


Temperature 
Range 
-55to 
+125 
Oto 
+70 
-55to 
+125 
Oto 
+70 
-25to 
+85 
'C 


Comment 
Low Drift 
Low Drift 
General 
General 
Low Drift 
Purpose 
Purpose 


• 
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LF198/LF298/LF398,LF198A/LF398A 
Monolithic Sample-and-Hold 
Circuits 


General Description 
The LF198/LF298/LF398 
are monolithic sample-and-hold 


circuits which utilize BI-FET technology to obtain ultra-high 
dc accuracy with fast acquisition of signal and low droop 
rate. Operating as a unity gain follower, dc gain accuracy is 
0.002% typical and acquisition time is as low as 6 ,.,.sto 
0.01%. A bipolar input stage is used to achieve low offset 
voltage and wide bandwidth. Input offset adjust is accom- 
plished with a single pin, and does not degrade input offset 
drift. The wide bandwidth allows the LF198 to be included 
inside the feedback loop of 1 MHz op amps without having 
stability problems. Input impedance of 1010n allows high 
source impedances to be used without degrading accuracy. 
P-channeljunction FET's arecombined with bipolar devices in 
the output amplifier to give droop rates as low as 5 mVImin 
with a 1 ,.,.Fhold capacitor. The JFET's have much lower 
noise than MOS devices used in previous designs and do 
not exhibit high temperature instabilities. The overall design 
guarantees no feed-through from input to output in the hold 
mode, even for input signals equal to the supply voltages. 


Features 
• 
Operates from ± 5V to ± 18V supplies 
• 
Less than 10 ,.,.sacquisition time 
• 
TIL, PMOS, CMOS compatible logic input 
• 
0.5 mV typical hold step at Ch = 0.01 ,.,.F 
• 
Low input offset 
• 
0.002% gain accuracy 
• 
Low output noise in hold mode 
• 
Input characteristics do not change during hold mode 


• 
High supply rejection ratio in sample or hold 
• 
Wide bandwidth 
• 
Space qualified 
Logic inputs on the LF198 are fully differential with low input 
current, allowing direct connection to TIL, 
PMOS, and 


CMOS. Differential threshold is 1.4V. The LF198 will oper- 
ate from ±5V to ± 18V supplies. 
An "A" version is available with tightened electrical specifi- 
cations. 


5V~SA.PLE 


LOGIC 
IN'UT 


IV 
HOLD 


Connection 
Diagrams 


Dual-In-Line 
Package 


v' 
lOGIC 
INPUT 
14 
OFFSET ADJUST 


NC 
13 
NC 


OFFSET 
2 
7 
lOGIC 
v- 
12 
V· 
ADJUST 
REFERENCE 
NC 
11 
LOGIC 
OFFSET 


INPUT 
" 


NC 
10 
LOGIC REFERENCE 
ADJUST 


NC 
NC 


v· 
OUTPUT 
G< 
OUTPUT 


TL/H/5692-15 
Order 
Number 
LF298M 
or LF398M 
See NS Package 
Number 
M14A 
TUH/5692-11 
Order 
Number 
LF398N 
or LF398AN 


See NS Package 
Number 
N08E 
TUH/5692-14 


Order 
Number 
LF198H, 
LF198H/883,LF298H, 


LF398H, 
LF198AH 
or LF398AH 
See NS Package 
Number 
H08C 


• 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Lead Temperature 
(Note 3) 


please 
contact 
the 
National 
Semiconductor 
Sales 
H package 
(Soldering, 
10 sec.) 
260"C 


Office/Distributors 
for availability 
and specifications. 
N package 
(Soldering, 
10 sec.) 
260·C 


Supply Voltage 
±18V 
M package: 


Power Dissipation 
(Package 
Limitation) 
(Note 1) 
500mW 
Vapor Phase (60 sec.) 
215·C 
Infrared 
(1 5 sec.) 
220·C 


Operating 
Ambient 
Temperature 
Range 
Thermal 
Resistance 
(8JN 
(typicals) 
LF198/LF198A 
- 55·C to + 125·C 
H package 
215·C/W 
(Board 
mount 
in still air) 
LF298 
- 25·C to + 85·C 
85·C/W 
(Board 
mount 
in 
LF398/LF398A 
O·Cto 
+70·C 
400LF/min 
air flow) 
Storage 
Temperature 
Range 
- 65·C to + 150·C 
N package 
115·C/W 


Input Voltage 
Equal to Supply Voltage 
M package 
106·C/W 


Logic To Logic Reference 
Differential 
Voltage 
+7V, 
-30V 
8JC (H package, 
typicai) 
20"C/W 


(Note 
2) 


Output 
Short Circuit 
Duration 
Indefinite 


Hold Capacitor 
Short Circuit Duration 
10 see 


Electrical Characteristics 
The 
following 
specifcations 
apply for -Vs 
+ 
3.5V 
~ VIN ~ 
+Vs 
- 
3.5V, 
+Vs 
= 
+15V, 
-Vs 
= 
-15V, 
TA = Tj = 25·C, 
Ch = 0.01 ,..F, RL = 10 kn, 
LOGIC 
REFERENCE 
= OV, LOGIC 
HIGH = 2.5V, LOGIC LOW = OV unless 
otherwise 
specified. 


Parameter 
Conditions 
LF198/LF298 
LF398 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Input Offset 
Voltage, 
(Note 4) 
Tj = 25·C 
1 
3 
2 
7 
mV 


Full Temperature 
Range 
5 
10 
mV 


Input Bias Current, 
(Note 4) 
Tj = 25·C 
5 
25 
10 
50 
nA 


Full Temperature 
Range 
75 
100 
nA 


Input Impedance 
Tj = 25·C 
1010 
1010 
n 


Gain Error 
Tj = 25·C, RL = 10k 
0.002 
0.005 
0.004 
0.01 
% 


Full Temperature 
Range 
0.02 
0.02 
% 


Feedthrough 
Attenuation 
Ratio 
Tj = 25·C, Ch = 0.01 ,..F 
86 
96 
80 
90 
dB 


at 1 kHz 


Output 
Impedance 
Tj = 25·C, "HOLD" 
mode 
0.5 
2 
0.5 
4 
n 


Full Temperature 
Range 
4 
6 
n 


"HOLD" 
Step, (Note 5) 
Tj = 25·C, Ch = 0.01 ,..F, Your 
= 0 
0.5 
2.0 
1.0 
2.5 
mV 


Supply Current, 
(Note 4) 
Tj~25·C 
4.5 
5.5 
4.5 
6.5 
mA 


Logic and Logic Reference 
Input 
Tj = 25·C 
2 
10 
2 
10 
,..A 


Current 


Leakage 
Current 
into Hold 
Tj = 25·C, (Note 6) 
30 
100 
30 
200 
pA 


Capacitor 
(Note 4) 
Hold Mode 


Acquisition 
Time to 0.1 % 
.:l.Vour = 10V,Ch 
= 1000pF 
4 
4 
,..s 


Ch = 0.01,..F 
20 
20 
,..s 


Hold Capacitor 
Charging 
Current 
VIN-VOur 
= 2V 
5 
5 
mA 


Supply Voltage 
Rejection 
Ratio 
Your 
= 0 
80 
110 
80 
110 
dB 


Differential 
Logic Threshold 
Tj = 25·C 
0.8 
1.4 
2.4 
0.8 
1.4 
2.4 
V 


Input Offset 
Voltage, 
(Note 4) 
Tj = 25·C 
1 
1 
2 
2 
mV 


Full Temperature 
Range 
2 
3 
mV 


Input Bias Current, 
(Note 4) 
Tj = 2S·C 
5 
25 
10 
25 
nA 


Full Temperature 
Range 
75 
50 
nA 


Electrical Characteristics 
The 
followingspecifcationsapplyfor 
-Vs 
+ 
3.5V';; 
VIN';; 
+Vs 
- 
3.5V, 
+VS = 
+15V, 
-Vs 
= 
-15V, 
TA = Tj = 25'C, 
Ch = 0.Q1 ,..F, RL = 10 kO, 
LOGIC 
REFERENCE 
= OV, LOGIC 
HIGH = 2.5V, 
LOGIC 
LOW = OV unless 
otherwise 
specified. 


(Continued) 


Parameter 
Conditions 
LF198A 
LF398A 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Input 
Impedance 
I 
Tj = 25'C 
1010 
1010 
n 


Gain 
Error 
~ 


Tj = 25'C, 
RL = 10k 
0.002 
0.005 
0.004 
0.005 
% 


Full Temperature 
Range 
0.01 
0.01 
% 


Feedthrough 
Attenuation 
Ratio 
Tj = 25'C, 
Ch = 0.01 
,..F 
86 
96 
86 
90 
dB 


at 1 kHz 


Output 
Impedance 
Tj = 25'C, 
"HOLD" 
mode 
0.5 
1 
0.5 
1 
0 


Full Temperature 
Range 
4 
6 
0 


"HOLD" 
Step, 
(Note 
5) 
Tj = 25'C, 
Ch = O.Ol,..F, 
VOUT = 0 
0.5 
1 
1.0 
1 
mV 


Supply 
Current, 
(Note 
4) 
Tj~25'C 
4.5 
5.5 
4.5 
6.5 
mA 


Logic 
and 
Logic 
Reference 
Input 
Tj = 25'C 
; 


2 
10 
2 
10 
,..A 


Current 
.' 


Leakage 
Current 
into Hold 
Tj = 25'C, 
(Note 
6) 
30 
100 
30 
100 
pA 


Capacitor 
(Note 
4) 
Hold 
Mode 


Acquisition 
Time 
to 0.1 % 
~VOUT 
= 10V, Ch = 1000 
pF 
4 
6 
4 
6 
,..s 


Ch = 0.Q1 ,..F 
20 
25 
20 
25 
,..s 


Hold 
Capacitor 
Charging 
Current 
VIN-VOUT 
= 2V 
5 
5 
mA 


Supply 
Voltage 
Rejection 
Ratio 
VOUT = 0 
" 
90 
110 
90 
110 
dB 


Differential 
Logic 
Threshold 
Tj = 25'C 
0.8 
1.4 
2.4 
0.8 
1.4 
2.4 
V 


Note 1: The maximum power dissipation must be derated at elevated temperatures 
and is dictated by TJMAX. 9JA. and the ambient temperature, 
lA- The maximum 
allowable 
power dissipation 
at any temperature 
is PD = (TJMAX - 
TJJI8JA. 
or the number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. The 
maximum junction temperature. TJMAX.for tha LF198/LF198A is 15O"C;for the LF298. 115·C; and for the LF398/LF398A, 100"C. 


Note 2: Although the differential voltage may not exceed the limijs given. the common-mode voltage on the logic pins may be equal to the supply vonages without 
causing damage to the circurt. For proper logic operation, 
however, one of the logic pins must 8tw8YS be at least 2V below the positrv8 suppfy and 3V above the 
negative supply. 


Note 3: See AN-450 "Surface 
Mounting Methods and their effects on Product Reliabiljty" 
for other methods of soldering surlace 
mount devices. 


Note 4: These parameters guaranteed over a supply voltage range of ± 5 to ± 18V. and an input range of - Vs + 3.5V " V,N " +Vs - 
3.5V. 


Note 5: Hold step is sensitive to stray capacitive 
coupling between input logtc signals and the hold capacitor. 
1 pF, for instance, will create an additional 
0.5 mV 
step with a 5V logic swing and a O.o1I'F hold capacijor. Magnijude of the hold step is inversely proportional to hold capetnor value. 


Note 6: Leakage current is measured at a junction 
temperature 
of 2S"C. The effects of junctton temperature 
rise due to power dissipation or elevated ambtent can 
be calculated 
by doubling the 2S"C value for each 11"C increase in chip temperature. 
Leakage is guaranteed 
over full input s;gnal range. 


Note 7: A military RETS electrical test specification is available on request. The LF198 may also be procured to Standard Military Drawing # 5962-8760801GA or to 
MIL-STD-38510 part 10JM38510/12501SGA. 
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Application 
Hints 


Hold Capacitor 
Hold step, acquisition time, and droop rate are the major 
trade-offs in the selection of a hold capacitor value. Size 
and cost may also become important for larger values. Use 
of the curves included with this data sheet should be helpful 
in selecting a reasonable value of capacitance. Keep in 
mind that for fast repetition rates or tracking fast signals, the 
capacitor drive currents may cause a significant tempera- 
ture rise in the LF198. 


A significant source of error in an accurate sample and hold 
circuit is dielectric absorption in the hold capacitor. A mylar 
cap, for instance, may "sag back" up to 0.2% after a quick 
change in voltage. A long sample time is required before the 
circuit can be put back into the hold mode with this type of 
capacitor. Dielectrics with very low hysteresis are polysty- 
rene, polypropylene, and Teflon. Other types such as mica 
and polycarbonate are not nearly as good. The advantage 
of polypropylene over polystyrene is that it extends the max- 
imum ambient temperature from 8S'C to 100'C. Most ce- 
ramic capacitors are unusable with > 1% hysteresis. Ce- 
ramic "NPO" or "COG" capacitors are now available for 
12S'C operation and also have low dielectric absorption. 
For more exact data, see the curve Dielectric 
Absorption 


Error. The hysteresis numbers on the curve are final values, 
taken after full relaxation. The hysteresis error can be signif- 
icantly reduced if the output of the LF198 is digitized quickly 
after the hold mode is initiated. The hysteresis relaxation 
time constant in polypropylene, for instance, is 10-S0 
ms. 
II A-to-D conversion can be made within 1 ms, hysteresis 
error will be reduced by a factor of ten. 


DC and AC Zeroing 
DC zeroing is accomplished by connecting the offset adjust 
pin to the wiper of a 1 kO potentiometer which has one end 
tied to V+ 
and the other end tied through a resistor to 


ground. The resistor should be selected to give :::::0.6 mA 
through the 1k potentiometer. 
AC zeroing (hold step zeroing) can be obtained by adding 
an inverter with the adjustment pot tied input to output. A 
10 pF capacitor from the wiper to the hold capacitor will give 
±4 mV hold step adjustment with a 0.01 j.'F hold capacitor 
and SV logic supply. For larger logic swings, a smaller ca- 
pacitor « 
10 pF) may be used. 


Logic Rise Time 
For proper operation, logic signals into the LF198 must have 
a minimum dV/dt of 1.0 V/j.'s. Slower signals will cause 
excessive hold step. If a R/C 
network is used in front of the 


logic input for signal delay, calculate the slope of the wave- 
form at the threshold point to ensure that it is at least 
1.0 V/j.'s. 


Sampling Dynamic Signals 


Sample error to moving input signals probably causes more 
confusion among sample-and-hold users than any other pa- 
rameter. The primary reason for this is that many users 
make the assumption that the sample and hold amplifier is 
truly locked on to the input signal while in the sample mode. 
In actuality, there are finite phase delays through the circuit 
creating an input-output differential for fast moving signals. 
In addition, although the output may have settled, the hold 
capacitor has an additional lag due to the 3000 series resis- 


tor on the chip. This means that at the moment the "hold" 
command arrives, the hold capacitor voltage may be some- 
what different than the actual analog input. The effect of 
these delays is opposite to the effect created by delays in 
the logic which switches the circuit from sample to hold. For 
example, consider an analog input of 20 Vp-p at 10kHz. 
Maximum dV/dt is 0.6 V/j.'s. With no analog phase delay 
and 100 ns logic delay, one could expect up to (0.1 j.'s) 
(0.6VIj.'s) = 60 mV error if the "hold" signal arrived near 
maximum dV/dt of the input. A positive-going input would 
give a +60 mV error. Now assume a 1 MHz (3 dB) band- 
width for the overall analog loop. This generates a phase 
delay of 160 ns. If the hold capacitor sees this exact delay, 
then error due to analog delay will be (0.16 j.'s) (0.6 VIj.'s) 
= - 96 mY. Total output error is +60 mV (digital) - 96 mV 
(analog) for a total of -36 
mY. To add to the confusion, 


analog delay is proportioned to hold capacitor value while 
digital delay remains constant. A family of curves (dynamic 
sampling error) is included to help estimate errors. 


A curve labeled Aperture 
Time has been included for sam- 
pling conditions where the input is steady during the sam- 
pling period, but may experience a sudden change nearly 
coincident with the "hold" command. This curve is based on 
a 1 mV error fed into the output. 


A second curve, Hold 
Settling 
Time indicates the time re- 


quired for the output to settle to 1 mV after the "hold" com- 
mand. 


Digital Feedthrough 
Fast rise time logic signals can cause hold errors by feeding 
externally into the analog input at the same time the amplifi- 
er is put into the hold mode. To minimize this problem, 
board layout shOuldkeep logic lines as far as possible from 
the analog input and the Ch pin. Grounded guarding traces 
may also be used around the input line, especially if it is 
driven from a high impedance source. Reducing high ampli- 
tude logic signals to 2.SV will also help. 
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Typical Applications 
(Continued) 
Synchronous Correlator for Recovering 
Signals Below Noise Level 
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Definition of Terms 


Hold 
Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold mode 
with a steady (dc) analog input voltage. Logic swing is 5V. 


Acquisition 
Time: The time required to acquire a new ana- 
log input voltage with an output step of 1av. Note that ac- 
quisition time is not just the time required for the output to 
settle. but also includes the time required for all internal 
nodes to settle so that the output assumes the proper value 
when switched to the hold mode. 


Gain Error: The ratio of output voltage swing to input volt- 
age swing in the sample mode expressed as a per cent 
difference. 


r 
I 
I 
,J., 
I VeM I 
'T" 
~ 


Hold 
Settling 
Time: 
The time required for the output to 
settle within 1 mV of final value after the "hold" logic com- 
mand. 


Dynamic 
Sampling 
Error: 
The error introduced into the 
held output due to a changing analog input at the time the 
hold command is given. Error is expressed in mV with a 
given hold capacitor value and input slew rate. Note that 
this error term occurs even for long sample times. 


Aperture 
Time: The delay required between "Hold" com- 
mand and an input analog transition. so that the transition 
does not affect the held output. 


tt1National 
Semiconductor 


LF13006/LF13007 
Digital Gain Set 


General Description 
The LF13006 and LF13007 are precision digital gain sets 
used for accurately setting non-inverting op amp gains. 
Gains are set with a 3-bit digital word which can be latched 
in with WR and CS pins. All digital inputs are TIL and CMOS 
compatible. 
The LF13006 shown below will set binary scaled gains of 1, 
2, 4, 8, 16, 32, 64, and 128. The LF13007 will set gains of 1, 
2,5,10,20,50, 
and 100 (a common attenuator sequence). 


In addition, both versions have several taps and two uncom- 
mitted matching resistors that allow customization of the 
gain. 
The gains are set with precision thin film resistors. The low 
temperature coefficient of the thin film resistors and their 
excellent tracking result in gain ratios which are virtually in- 
dependent of temperature. 


The LF13006, LF13007 used in conjunction with an amplifi- 
er not only satisfies the need for a digitally programmable 
amplifier in microprocessor based systems, but is also use- 
ful for discrete applications, eliminating the need to find 
0.5% resistors in the ratio of 100 to 1 which track each 
other over temperature. 


Features 
• 
TIL and CMOS compatible logic levels 
• 
Microprocessor compatible 
• 
Gain error 0.5% max 
• 
Binary or scope knob gains 
• 
Wide supply range + 5V to ± 18V 
• 
Packaged in 16-pin DIP 


Order 
Number 
LF13006N 
or LF13007N 
See NS Package 
Number 
N16A 
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Supply Voltage, 
V+ 
to V- 
36V 


Supply Voltage, 
V+ 
to GND 
25V 


Voltage 
at Any Digital Input 
V+ 
toGND 


Analog 
Voltage 
V+ 
to (V- 
+ 2V) 


Electrical Characteristics 
(Note 2) 
- 


Typ 
Tested 
Design 
Parameter 
Conditions 
Limit 
Limit 
Units 
(Note 
3) 
(Note 
4) 
(Note 
5) 


Gain Error 
AoUT= 
±10V 
0.3 
0.5 
0.5 
% (max) 


ANAGND=OV 
IINPUT< 10 nA 


Gain Temperature 
Coefficient 
AoUT= 
±10V 
0.001 
r 
%/"C 
ANAGND=OV 


Digital Input Voltage 


Low 
1.4 
0.8 
0.8 
V(max) 


High 
1.6 
2.0 
2.0 
V(min) 


Digital Input Current 


Low 
VIL =OV 
-38 
-100 
-100 
,..A(max) 


High 
VIH=5V 
0.0001 
1 
1 
,..A(max) 


Positive 
Power Supply Current 
All Logic Inputs Low 
2 
5 
5 
mA(max) 


Negative 
Power Supply Current 
All Logic Inputs Low 
-1.7 
-5 
-5 
mA(max) 


Write Pulse Width, tw 
VIL =OV, VIH=5V 
150 
ns(min) 


CiiTP Select 
Set-Up Time, tes 
VIL = OV, VIH = 5V 
250 
ns(min) 


CiiTP Select 
Hold Time, teH 
VIL = OV, VIH = 5V 
0 
ns(min) 


DIG IN Set-Up 
Time, tos 
VIL = OV, VIH = 5V 
150 
ns(min) 


DIG IN Hold Time, tOH 
VIL = OV, VIH = 5V 
60 
ns(min) 


Switching 
Time for Gain Change 
(Note 4) 
200 
ns(max) 


Switch 
On Resistance 
3 
~ 
kO 


Unit Resistance, 
R 
t 
15 
12-18 
kO 


R1 and R2 Mismatch 
0.3 
0.5 
0.5 
% (max) 


R1/R2 
Temperature 
Coefficient 
0.001 
%/"C 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 


the device beyond its specified 
operating 
conditions. 


Note 2: Parameters are specified atV+ 
=15Vand 
V- 
= -15V. 
Min V+ to ground voltage is5V. Min V+ to V- 
voltage is 5V. Boldface 
number. 
apply 
overfull 


opel1lUng 
lempel1lture 
I1ln"e •• All other numbers apply at TA= Tj= 2S·C. 


Note 
3: Typicals are at 2S-C and represent 
most likely parametric 
norm. 


Nole 
4: Guaranteed 
and 100% production 
tested. 


Note 5: Guaranteed 
(but not 100% production 
tested) over the operating 
temperature. 
These limits are not used to calculate 
outgoing quality levels. 


Note 6: settling 
time for gain change is the switching time for gain change plus settling time (see section on Settling Time). 


Note 7: WR minimum high threshold voltage increases to 2.4V under the extreme conditions 
when all three digital inputs are simultaneously 
taken from OV to SV at 
a slew rate of greater than SOOVI ,.,.5. 


Connection Diagram 


GAIN TABLE 
Dual·ln-Llne 
Package 


Digital 
Input 
Gain 
O'GGNO- 
1 V 
16 - 
ANAGNO 


LF13006 
LF13007 
INPUT- 
2 
15 -R2 
DIGln3 
DIGln2 
DIG In 1 
AOUT 
BOUT 
AOUT 
BOUT 
Y-- 
3 
14 -Rc 
0 
0 
0 
1 
1 
1 
1 
v+- 
4 
13 -Rl 
0 
0 
1 
2 
1.25 
1.25 
1 
00-5 
12 - 
Aoor 
0 
1 
0 
4 
2.5 
2 
1.6 


0 
1 
1 
8 
5 
5 
4 
8",,- 
& 
11 -Ci 


1 
0 
0 
16 
10 
10 
8 
Wii- 
7 
10 - 
DlGIN3 
1 
0 
1 
32 
20 
20 
16 
OIOINl- 
• 
9 -DISIN! 
1 
1 
0 
64 
40 
50 
40 


1 
1 
1 
128 
80 
100 
80 
TDPYIEW 
TUH/SI14-2 


VJL 


VIH~ 
tDS 
~ 


VIL 
• 
" 


~I--{--i- -I:J:j'- 


-1- - -I- 
f! 
WR 
DIG IN 
2 


_IUS 


Typical Performance Characteristics 


Positive Power Supply 
Negative Power Supply 
Digital Input Threshold vs 
Current vs Temperature 
Current vs Temperature 
Temperature 
0 
'\ 
Vs- ±5V 
1 
3 


5.0 
-1.0 
r", 
tlJv- 
'V;': ±10V_ 
•.•. 
Vs= ±15V 
E 2.5 


! 
4.0 
f- - 
!-2.0 
1.--' 
-tt:t 
9 
'" 


co 
2 


Vs= ±15V 
~ 
:c 
~ 
ffi 
3.0 
i-3.0 
!l! 
- 
Vs= ±15V 
- 


:::1 
~ 
..••.~- 
" 


:c 
1.5 
iiiiO 
a: 
I..•• 
•.. 


:> 
2.0 
B-4.0 
~ 


u m 
.•.• 
.J/ 
1 
- 
1.0 
-5.0 
i!5 0.5 
Vs= ±5V 1 


0 
0 


-55 
-15 
2S 
65 
105 
-55 
-15 
25 
65 
105 
-55 
-15 
2S 
65 
105 


TEMPERATURE 
(OC) 
TEMPERATURE(OC) 
TEMPERATURE 
(OC) 


Logical 0 Input Bias Current 
Digital Input Threshold vs 


vs Temperature 
Supply Voltage 
Write Width, tw 


70 
2.4 
500 


~~., 
_ 
2.0 
i--" 
400 


~ 
50 
~s= 
±15V 
e 
.",. 
! 
9 
1.6 


ffi 


co 
_55°C ••••• 
•..•.~ 
~ 300 
:c 
- 
"..- 
a: 
13 1.2 
-~oC 
~ 
,~ 
a: 
4a 
.111:: 
==~VS=±2OV 
a: 
•..•.ioo""' 
Vs- ±5V 
:> 
i= 
I - 


u 
200 


~ 
30 
VS=±10V~ 
~ 
;!~ 
~ 0.8 
lj50C 
Ii 


'Vs1! 


Vs- ±15V 


!t 
01-1 
"1 
rs =1±5r 
;! 
II 
Vs:-:f~\ 


20 
0.4 
1110 


10 
0 
-.,... 
I 
I 
0 


-55 
-15 
25 
65 
105 
0 
5 
10 
15 
20 
-55 
-15 
25 
65 
105 


TEMPERATURE 
10C) 
SUPPlYVOLTAGE(V) 
TEMPEMrURE(OC) 


. 


Data Set-Up Time, tos 
Chip Select Set-Up Time, lea 


500 
500 


'i 


!4OO 
»400 
".. 
,.; 
» 
".. 
i!300 
, 
~300 
".., 
•.. 
,-, 
1= 
~ 
Vs= ±5V 
•.. 
Vs= ±5V ".. 
",200 ,'::n~ l:: 


~200 


::rrOV 
~ 
'" 
Vsl' ±15v~ 
~ 
100 
Vs- ±10V 
111 1110 
L 
L.......O 


Vs 
±2OV 
01" 
I 
Vs-±2Ovl 
0 
-55 
-15 
2S 
65 
105 
-55 
-15 
2S 
65 
105 


TEMPERATURE 
(OC) 
TEMPERATURE 
(OC) 
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Application Information 


FLOW-THROUGH 
OPERATION 


THE LF13006, LF13007 can be operated with control lines 
CS and WR grounded. In this mode new data on the digital 
inputs will immediately set the new gain value. Input data 
cannot be latched in this mode. 


INPUT CURRENT 
Current flowing through the input (pin 2) due to bias current 
of the op amp will result in a gain error due to switch imped- 
ance. Normally this error is very small. For example, 10 nA 
of bias current flowing through 3 kO of switch resistance will 
result in an error of 30 ".V at the summing node. However, 
applications that have significant current flowing through the 
input must take this effect into account. 


SETTLING 
TIME 


Settling time is a function of the particular op amp used with 
the LF13006/7 and the gain that is selected. It can be opti- 
mized and stability problems can be prevented through the 


use of a lead capacitor from the inverting input to the output 
of the amplifier. A lead capacitor is effective whenever the 
feedback around an amplifier is resistive, whether with dis- 
crete resistors or with the LF1300617. It compensates for 
the feedback pole created by the parallel resistance and 
capacitance from the inverting input of the op amp to AC 
ground. 


Lf13006 
r---:1 
L __ 
.:..J 


Typical Settling Time Curves 
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Typical Applications 
Variable Capacitance Multiplier 


Ceffective = Cl (gain set #) 


Note: Output swing at input op amp 


is multiplied 
by set gain. Signal 


range may be limited. 


Variable Time Constant Filter 


Time constant 
= ~ C1 


N ~ setting of LFI3006 


1 
(range ~ 128 to I) 


BUFFERED 
FILTERED 
OUTPUT 


Typical Applications 
(Continued) 


Programmable Current Source 


1.2V 
[ 
1 
1 


'OUT - 
1200 
gain set # 


Inverting gain with high input im· 


pedance can be obtained with the 


LF13006. 
LF13007 by using the two 


on-board 
resistors and a dual op 


amp as shown. 


Note: 
Digital code~OOO. VOUT~V'N; 


Digital code~001. 
VoUT~ -V'N 


Programmable Differential Amp 


DIGITAL 


IN 


LF13DD6 


ANA 
LF13D07 


-IN 
16 
GND 
AOUT 
12 


INPUT 


2 


+IN 


Note 1: Actual gain= set gain-1 


since LFt3006s 
are in 


"inverting 
mode". 


Note 2: Set gain must be 


same on both LF13006s. 


Altered 
Gain Range 


IN 


OUT 


1216 


AOUlt 
BOUT 


15 
lfl3006 
":" 


2 INPUT 


13 


DIGITAL 
CONTROL 
ANA 
GND 


16 


Tl/H/5114-14 


GAINS 


AOUT 


1 
1.8 
3 
4.5 
6 
7.2 
8 


8.47 


BOUT 
1 


1.2 


2 
3 
4 


4.8 


5.33 


5.65 


Hotel: VOUT=N 
(A-B), 
N=set 
gain. 


Nota 2: All 10k rasistors 0.1 % matched. 


GAINS 


9 


1.8 


1.29 


1.125 


1.059 


1.029 


1.014 


1.007 


INPUT 


12 


AcwT 
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Active Filters 


• 
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7-19 
7-37 
7-57 
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7-117 
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t!JNational 
Semiconductor 


HOHP: the gain in (V IV) of the highpass output of each V. 
MF10 as f -+ fCLK/2. 
Qz: the quality factor of the 2nd order function complex zero 
pair, if any. (Qz is a parameter used when an allpass output 
is sought and unlike Q it cannot be directly measured). 


fz: the center frequency of the 2nd order function complex 
zero pair, if any. If fz is different from fa, and if the Qz is 
quite high it can be observed as a notch frequency at the 
allpass output. 


fnotch: the notch frequency observed at the notch output(s) 
of the MF10. 


HON1: the notch output gain as f -+ 
0 Hz. 


HON2: the notch output gain as f -+ fCLK/2. 


Active Filters 
Definition of Terms 


felK: the switched capacitor filter ex1ernalclock frequency. 
fo: center of frequency of the second order function com- 
plex pole pair. fa is measured at the bandpass output of 
each V. MF10, and it is the frequency of the bandpass peak 
occurrence. 
Q: quality factor of the 2nd order function complex pole pair. 
Q is also measured at the bandpass output of each V. MF10 
and it is the ratio of fa over the -3 dB bandwidth of the 2nd 
order bandpass filter. The value of Q is not measured at the 
lowpass or highpass outputs of the filter, but its value re- 
lates to the possible amplitude peaking at the above out- 
puts. 
Hosp: the gain in (VIV) of the bandpass output at f = fa. 


HOlP: 
the gain in (V IV) of the lowpass output of each V. 
MF10 at f -+ 0 Hz. 


,. 


t!JNational 
Semiconductor 


Active Filter Selection Guide 


Device # 
Type 
Function 
Max 
Max Freq 
Freq 
Typ.Q 
Max 


Order 
Accuracy 
Range 
Accuracy 
F· xQ 


MF10 (5, T) 
Universal 
Universal 
4th 
±0.6% 
0.1-30 kHz 
±2% 
200 kHz 


MF8 (T) 
Bandpass 
Chebyshev 
4th 
±1.0% 
0.1-20 kHz 
±2% 
5 MHz· 
. 
Butterworth 


MF6(S, T) 
Lowpass 
Butterworth 
6th 
±1.0% 
0.1-20 kHz 
N/A 
N/A 


MF5(S) 
Universal 
Universal 
2nd 
±1.0% 
0.1-30 kHz 
±6% 
200 kHz 


MF4(S) 
Lowpass 
Butterworth 
4th 
±0.6% 
0.1-20 kHz 
N/A 
N/A 


LMF40(S, T) 
Lowpass 
Butterworth 
4th 
±1.0% 
0.1-40 kHz 
N/A 
N/A 


LMF60(S, T) 
Lowpass 
Butterworth 
6th 
±1.0% 
0.1-30 kHz 
N/A 
N/A 


LMF100 (S, T) 
Universal 
., 
Universal 
4th 
±0.6% 
0.1-40 kHz 
±2% 
1.8MHz 


LMF90(S, T) 
Notch 
Elliptic 
4th 
±1% 
0.1-30 kHz 
N/A 
N/A 


LMF380 
Triple 
Triple 
12th 
±0.5% 
0.1-25 kHz 
N/A 
N/A 
One-Third Octave 
Bandpass 
(typ) 


S Surface Mount Available 


T 
Extended Temperature 
Available 


-For the MFa use clock frequency for the parameter 
F. For all other parts use the center or cut off frequency. 


t!JNational 
Semiconductor 


LMF40 High Performance 
4th-Order 
Switched-Capacitor 
Butterworth 
Low-Pass Filter 


General Description 
The LMF40 is a versatile, easy to use, precision 4th-order 
Butterworth low-pass filter fabricated using National's high 
performance LMCMOS process. Switched-capacitor tech- 
niques eliminate external component requirements and al- 
Iowa clock-tunable cutoff frequency. The ratio of the clock 
frequency to the low-pass cutoff frequency is internally set 
to 50-to-1 (LMF40-50) or 100-to-1 (LMF40-100). A Schmitt 
trigger clock input stage allows two clocking options, either 
self-clocking (via an external resistor and capacitor) for 
stand-alone applications, or for tighter cutoff frequency con- 
trol, an external TTL or CMOS logic compatible clock can 
be applied. The maximally flat passband frequency re- 
sponse together with a DC gain of 1 VIV allows cascading 
LMF40 sections together for higher-order filtering. 


Features 
• 
Cutoff frequency range of 0.1 Hz to 40 kHz 
• 
Cutoff frequency accuracy of ± 1.0%, maximum 
• 
Low offset voltage, ± 100 mV, maximum, ± 5V supply 


• 
Low clock feedthrough of 5 mVp.p, typical 
• 
Dynamic range of 88 dB, typical 
• 
No external components required 
• 
8-pin mini-DIP or 14-pin wide-body small-outline pack- 
ages 
• 
4V to 14V single/dual supply operation 
• 
Cutoff frequency set by external or internal clock 
• 
Pin-compatible with MF4 


Applications 
• 
Communication systems 
• 
Instrumentation 
• 
Automated control systems 


Block and Connection 
Diagrams 


r1lTEROUT 


Industrial (- 400C,;; TA ,;; +8S'C) 
Package 


LMF40CIN-50, LMF40CIN-100 
N08E 


LMF40CIWM-50 
M14B 


LMF40CIWM-100 
M14B 


Military (- 55'C ,;; TA ,;; + 12S'C) 


LMF40CMJ-50, LMF40CMJ-100 
J08A 


Dual-In-Llne Package 


CLK1H08 
~lTER 
ClKR 
2 
7 
V- 


LSn 
3 
6 
AGHO 


., 
4 
5 
~bfER 


TLiH/l0557-2 


ClK IH 


HC 


CLKR 


HC 


L Sn 


NC., 


14 
r~LTER 


13 
HC 


12 
V- 
II 


10 


9 


8 


HC 


AGNO 


NC 
rlLTER 
OUT ,. 


Absolute Maximum Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 


please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors 
for 
availability 
and 
specifications. 


SupplyYoltage 
(Y+-Y-) 
1SY 


Yoltage 
at Any Pin 
Y- 
- 
0.2Y to Y+ 
+ 0.2Y 


Input Current 
at Any Pin (Note 13) 
S mA 


Package 
Input Current 
(Note 13) 
20 mA 


Power Dissipation 
(Note 14) 
SOOmW 


Storage 
Temperature 
- 6S"C to + 1SO"C 


Lead Temperaiure 
N Package, 
Soldering 
(10 sec.) 
J Package, 
Soldering 
(10 sec.) 
WM Package, 
Vapor Phase (60 sec.) (Note 16) 
WM Package, 
Infrared 
(1S sec.) 


ESD Susceptibility 
(Note 12) 
Pin 1 CLK IN 


+ 260"C 
+300"C 
+21S"C 
+ 220"C 


2000Y 
1700Y 


Operating Ratings 
(Notes 
1 & 2) 


Temperature 
Range 
TMIN s::TA s::TMAX 


LMF40CIN·SO, 
LMF40CIN-100 
LMF40CIWM-SO, 
LMF40CIWM-100 
-40"C 
s::TA s:: +8S"C 
LMF40CMJ-50, 
LMF40CMJ-1 
00 
- SS"C s::TA s:: + 12S"C 


Supply Yoltage 
Range (Y+ 
- 
V-I 
4Y to 14Y 


Filter Electrical Characteristics 
The following 
specifications 
apply for fCLK = SOOkHz. Boldface 
limits 
apply 
for TA = TJ = T MIN to TMAX: All other 
limits TA 


= TJ = 2S"C. 


Symbol 
Parameter 
Conditions 
Limits 
Units 


(Note 
11) 
(Limit) 


Y+ 
= +5Y, 
Y- 
= -5Y 


fCLK 
Clock Frequency 
Range 


(Note 17) 


S 
Hz (min) 


2 
MHz (max) 


Is 
Supply Current 
CMJ 
3.S/7.0 
mA(max) 


CIN, CIJ, CIWM 
3.S/5.0 
mA(max) 


HO 
DC Gain 
RSource s::2 kO 
+ O.OS/ + 0.05 
dB (max) 


-0.1S/ 
-0.20 
dB (min) 


fCLK/fc 
Clock to Cutoff 


Frequency 
Ratio 


(Note 3) 


LMF40·S0 
49.80 ± 0.8% 
/ 49.80 
± 1.0% 
(max) 


LMF40-100 
99.00 ± 0.8% 
/ 99.00 
± 1.0% 
(max) 


t.fCLK/fc/ ,n 
Clock to Cutoff 
Frequency 


Ratio Temperature 


Coefficient 


LMF40-S0 
S 
ppml"C 


LMF40-100 
S 
ppml"C 


AMIN 
Stopband 
Attenuation 
At2fc 
24.0 
dB (min) 


Filter Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for fClK = 500 kHz. Boldface 
limits 
apply 
for TA = TJ = T MIN to TMAX: All other 
limits TA 
= TJ = 25'C. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 


(Note 
10) 
(Note 
11) 
(Limit) 


V+ = +5V, 
V- 
= -5V 
(Continued) 


Vos 
Unadjusted 
DC 


Offset 
Voltage 


LMF40-50 
±80/ 
±100 
mV(max) 


LMF40-100 
±80/ 
±100 
mV(max) 


Vo 
Output 
Swing 
Rl = 5kfi 
+3.9/+3.7 
V (min) 


-4.2/-4.0 
V (max) 


ISC 
Output Short Circuit 
Source 
90 
mA 


Current 
(Note 8) 
Sink 
2.2 
.v 
mA 


Dynamic 
Range 
88 
dB 
(Note 4) 


Additional 
Magnitude 
. 


Response 
Test Points 


(Note 6) 


LMF40·50 
fiN = 12kHz 
-7.50 
±0.26 
/ -7.50 
±0.30 
dB (max) 


fiN = 9 kHz 
-1.46 
±0.12 
/ -1.48 
±0.18 
dB (max) 


LMF40-100 
fiN = 6kHz 
-7.15 
±0.26 
/ 
-7.15 
±0.30 
dB (max) 


fiN = 4.5 kHz 
-1.42 
±0.12 
/ -1.42 
±0.18 
dB (max) 


Clock Feedthrough 
Filter Output 
5 
mVp_p 


VIN = ov 


Filter Electrical Characteristics 
The following 
specifications 
apply for fClK = 250 kHz. Boldface 
limits 


apply 
for TA = TJ = T MIN to TMAX: All other limits TA = TJ = 25'C. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 
(Note 
10) 
(Note 
11) 
(Limit) 


V+ = +2.5V, 
V- 
= -2.5V 


fClK 
Clock Frequency 
Range 
.,. 
If 
co . 
~ 
." . 
. 
, 


(Note 
17) 


5 
Hz (min) 


! 
1.0 
MHz (max) 


Is 
Supply 
Current 
CMJ 
2.1 /4.0 
mA(max) 


CIN, CIJ, CIWM 
2.1 /3.0 
mA(max) 


HO 
DC Gain 
Rs';; 
2 kfi 
+0.05/ 
+0.05 
dB (max) 


fClK = 250 kHz 
-0.15/ 
-0.20 
dB (min) 


,. 
fClK = 500 kHz 
-0.1 
dB 


fClK/fe 
Clock to Cutoff 
,1 


Frequency 
Ratio 


LMF40·50 
fClK = 250 kHz 
49.80 
±0.8% 
(max) 


fClK = 500 kHz 
49.80 


±0.6% 


LMF40-100 
fClK = 250 kHz 
99.00 
±1.0% 
/ 99.00 
± 1.2% 
(max) 


(Note 3) 
fClK = 500 kHz 
99.00 
. 
±1.2% 


, . 
. 


fI 


Filter Electrical Characteristics 
(Continued) 


The following specifications apply for fClK = 250 kHz. Boldface 
limits apply for TA = TJ = TMIN to TMAX: All other limits TA 
= TJ = 25'C. 


Symbol 
Parameter 
Conditions 
Typical 
limits 
Units 


(Note 
10) 
(Note 
11) 
(Limit) 


V+ = + 2.5V, V- 
= -2.5V (Continued) 


~fClK/fcl ~T 
Clock to Cutoff 
Frequency Ratio 
Temperature Coefficient 
lMF40·50 
5 
ppml'C 
lMF40-100 
5 
ppml'C 


AMIN 
Stopband Attenuation 
At2fc 
-24.0 
dB (min) 


Vas 
Unadjusted DC 
Offset Voltage 
" 


lMF40-50 
±801 
±100 
mV(max) 
lMF40·100 
±801 
±100 
mV(max) 


Va 
Output Swing 
Rl = 5kfi 
+1.41 +1.2 
V (min) 
-2.0 1-1.8 
V (max) 


IsC 
Output Short Circuit 
Source 
42 
mA 
Current (Note 8) 
Sink 
0.9 
mA 


Dynamic Range 
. 


(Note 4) 
81 
dB 


Additional Magnitude Response 
Test Points (Note 6) 
lMF40·50 
fiN = 6 kHz 
-7.50 
±0.26 I -7.50 
±0.30 
dB (max) 
fiN = 4.5 kHz 
-1.46 
±0.121 
-1.46 
±0.16 
dB (max) 
.. - 


lMF40-100 
fiN = 3 kHz 
-7.15 
±0.26 1-7.15 
±0.30 
dB (max) 
fiN = 2.25 kHz 
-1.42 
±0.121 
-1.42 
±0.16 
dB (max) 


Clock Feedthrough 
Filter Output 
5 
mVp_p 
VIN = ov 


Logic Input-Output 
Characteristics 
The following specifications apply for V- 
= OVunless otherwise 
specified. Boldface 
limits apply for TA = TJ = T MIN to T MAX: all other limits TA = TJ = 25'C. 


Symbol 
Parameter 
Conditions 
Typical 
limits 
Units 


(Note 
10) 
(Note 
11) 
(limit) 


TTl 
CLOCK 
INPUT, 
ClK 
R PIN (Note 9) 


TIl 
ClK R Pin Input Voltage 
V+ = +5V 
V- 
= -5V 
logic "1" 
2.0 I 2.1 
V (min) 


logic "0" 
0.8 I 0.8 
V (max) 


ClK R Input Voltage 
V+ = +2.5V 
V- = -2.5V 
logic "1" 
2.0/2.0 
V (min) 


logic "0" 
0.6/0.4 
V (max) 


Maximum leakage Current 
2.0 
p.A 
atClK 
R Pin 


SCHMITT 
TRIGGER 


VT+ 
Positive Going Input 
V+ = +10V 
6.1/6.0 
V (min) 


Threshold Voltage 
8.8 I 8.9 
V (max) 


ClK IN Pin 
V+ = +5V 
3.0 I 2.9 
V (min) 


4.3 I 4.4 
V (max) 


Logic Input-Output Characteristics 
(Continued) 
The following 
specifications 
apply for V- 
= OV unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for TA = TJ = T MIN to T MAX: all other limits TA = TJ = 25"C. 


Conditions 
Typical 
Limits 
Units 


Symbol 
Parameter 
(Note 
10) 
(Note 
11) 
(Limit) 


SCHMITT 
TRIGGER 
(Continued) 


VT- 
Negative 
Going Input 
V+ = +10V 
1.4/1.3 
V (min) 


Threshold 
Voltage 
3.8/3.9 
V (max) 


ClK 
IN Pin 
V+ = +5V 
0.7/0.6 
V (min) 


1.9/2.0 
V (max) 


VT+ 
- 
VT- 
Hysteresis 
ClK 
IN Pin 
V+ = +10V 
2.3/2.1 
V (min) 


7.4/7.6 
V (max) 


V+ = +5V 
1.1 /0.9 
V (min) 


3.6/3.8 
V (max) 


logical 
"1" 
Output 
10 = -10,..A 


Voltage 
ClK 
R 
V+ = +10V 
9.1/9.0 
V (min) 


Pin 
V+ = +5V 
4.6/4.5 
V (min) 


logical 
"0" 
Output 
10 = -lO,..A 


Voltage 
ClK 
R 
V+ = +10V 
0.9/ 
1.0 
V (max) 


Pin 
V+ = +5V 
0.4/0.5 
V (max) 


Output Source 
Current 
ClKRtoV- 


ClK 
R Pin 
V+ = +10V 
4.9/3.7 
mA(min) 


V+ = +5V 
1.6/ 
1.2 
mA(min) 


Output 
Sink Current 
ClKRtoV+ 


ClKR 
Pin 
V+ = + 
10V 
4.9/3.7 
mA(min) 


V+ = +5V 
1.6/1.2 
mA(min) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specified 
operating 
range. 


Note 2: All Yoltages are specified 
with respect to ground. 


Note 3: The filter's cutoff frequency 
is defined as the frequency 
where the magnitude 
response is 3.01 dB less than the DC gain of the filter. 


Note 4: For ±5V supplies the dynamic range is referenced 
to 2.62 Vrms (3.7V peak) where the wideband noise ovor a 20 kHz bandwidth 
is typically 100 J.l.Vrms for 
the LMF40.For ±2.5V suppliesthe dynamicrange is referencedto 0.849 Vrms(1.2Vpeak)where the widebandnoise over a 20 kHz bendwidthis typically 
75 "Vrms for the LMF40. 
Note 5: The specificationsfor the LMF40havebeengivenfor a clockfrequency(fcud of 500 kHzat ±5Vand250 kHzat ± 2.5V.Abovethis clock frequencythe 
cutoff frequency 
begins to deviate from the specified 
srror band of ± 0.8% over the temperature 
range, but the filter still maintains its magnitude 
characteristics. 


See Application 
Information, 
section 
1.4. 


Note 6: The filter's 
magnitude 
response is tested at the cutoff frequency, 
fc• Is = 2 fc• and at these other two additional 
frequencies. 


Note 7: For simplicity all logic levels have been referenced 
to V- = OV (except for the TTL input logic levels). The logic levels will scale accordingly 
for ± 5V and 
±2.5V supplies. 


Note 8: The short circuit source current is measured by forcing the output that is being tasted to its maximum positive swing and then shorting that output to the 
negatrve supply. The short circurt sink current is measured by forcing the output that is being tested to its maximum negative voltage and then shorting that output 
to the positive supply. These are worst case conditions. 
Note 9: The LMF40is operatedwith symmetricalsuppliesand L. Sh. is tied to ground. 


Note 
10: Typicals are at TJ = 25°C and represent 
the most likely parametric 
norm. 


Note 11:Guaranteedto Nationel'sAOQL(AveregeOutgoingQualityLevel). 
Note 12:Humenbody model;100pF dischargedthrougha 1.5 kfi resistor. 


Note 13:Whenthe inputvoltage(VIN)at anypinexceedsthe powersupplyvoltages(VIN< V- or ViN> V+) the absolutevalueof the currentat that pinshould 
be limited to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply voltages with 5 mA current limit to four. 


Note 
14: The maximum 
power dissipation 
must be de-rated 
at elevated 
temperatures 
and is dictated 
by TJMAX, 8JA, and the ambient 
temperature 
TA. The 
maximum 
allowable 
power dissipation 
is PO = (TJMAX - 
TAJI8JA or the number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. For the lMF40 • 
TJMAX 
~ 
125'C, and the typicaljunction-ta-ambientthermalresistance,when board mounted,is 6T'C/W 
for the LMF40CIN,6'Z'C/W 
for the LMF40CIJand 
LMF40CMJ,end 78'C/W for the LMC40CIWM. 


Note 15: In popularusagethe term cutoff frequencydefinesthat frequencyat which a filter's gaindrops3.01dB belowits DCvalue.Equetions(2) and (3) and 
design example 2.1, however, use the term cutoff frequency 
(fb) to define that frequency at which a filter's gain drops by a variable amount as determined 
from the 
given design specifications. 


Note 18: see AN-450 "Surface 
Mounting Methods and Their Effect on Product Reliability" 
for other methods of soldering surface mount devices or see the section 
titled "Surface Mount" in the UnBsr Da/8 Book. 


Note 17:The nominalretioof the clock frequencyto the low-passcutoff frequencyis internallyset to 50-to-l (LMF40-50)or 100-to-l (LMF40-100). • 


Typical Performance 
Characteristics 
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Typical Performance 
Characteristics 
(Continued) 
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Pin Descriptions 


(Numbers 
in ( ) are for 14-pin 
package). 


Pin 
Pin 
# 
Name 


1 
ClKIN 


(1) 


FilTER 


OUT 


AGND 


A CMOS SChmitt-trigger 
input 
to be used with an external 
CMOS logic level clock. 
Also 
used for self clocking 
Schmitt- 
trigger 
oscillator 
(see Section 
1.1). 


A TIl 
logic level clock 
input 
when in split supply operation 
(± 2.0Y to ± 7Y) with L. Sh 


tied to system 
ground. 
This pin 
becomes 
a low impedance 
output when L. Sh is tied to 
Y - . Also used in conjunction 


with the ClK 
IN pin for a self 
clocking 
Schmitt-trigger 


oscillator 
(see Section 
1.1). 


The TIl 
input signal must not 
exceed 
the supply voltages 
by 
more than 0.2Y. 


level 
shift pin; selects 
the 
logic threshold 
levels for the 
clock. When tied to Y- 
it 


enables 
an internal 
TRI- 
STATE@ buffer stage'between 


the Schmitt 
trigger and the 
internal 
clock 
level shift stage 
thus enabling 
the ClK 
IN 
Schmitt-trigger 
input and 
making the ClK 
R pin a low 
impedance 
output. 
When the 
voltage 
level at this input 
exceeds 
25% 
(Y+ 
- 
Y-) 
+ 
Y- 
the internal 
TRI-STATE 


buffer 
is disabled 
allowing 
the 


ClK 
R pin to become 
the 
clock 
input for the internal 
clock 
level-shift 
stage. The 


ClK 
R threshold 
level is now 
2Y above the voltage 
on the L. 


Sh pin. The ClK 
R pin will be 
compatible 
with TIl 
logic 
levels when the lMF40 
is 
operated 
on split supplies 
with 
the L. Sh pin connected 
to 


system 
ground. 


The output 
of the low-pass 
filter. 


The analog ground 
pin. This 
pin sets the DC bias level for 
the filter section 
and must be 


tied to the system 
ground for 
split supply operation 
or to 
mid-supply 
for single supply 
operation 
(see Section 
1.2). 


When tied to mid-supply 
this 


pin should 
be well bypassed. 


Pin 
# 
7,4 


(7,12) 


Pin 


Name 
Y+, 
Y- 
The positive 
and negative 
supply pins. The total power 
supply range is 4Y, to 14Y. 


Decoupling 
these pins with 


0.1 ",F capacitors 
is highly 
recommended. 


The input to the low-pass 
filter. 


To minimize 
gain errors the 
source 
impedance 
that drives 
this input should 
be less than 
2k (see Section 
3). For single 
supply operation 
the input 


signal must be biased to mid- 
supply or AC coupled 
through 


a capacitor. 


FilTER 


IN 


1.0 LMF40 Application 
Information 


The lMF40 
is a non-inverting 
unity gain low-pass 
fourth-or- 
der Butterworth 
switched-capacitor 
filter. 
The switched-ca- 
pacitor 
topology 
makes the cutoff frequency 
(where the gain 
drops 
3.01 dB below 
the 
DC gain) 
a direct 
ratio 
(100:1 
or 
50:1) 
of the clock 
frequency 
supplied 
to the filter. 
Internal 
integrator 
time 
constants 
set the 
filter's 
cutoff 
frequency. 


The resistive 
element 
of these 
integrators 
is actually 
a ca- 
pacitor 
which 
is "switched" 
at the 
clock 
frequency 
(for 
a 
detailed 
discussion 
see 
Input 
Impedance 
section). 
Varying 
the clock 
frequency 
changes 
the value 
of this resistive 
ele- 
ment 
and 
thus 
the 
time 
constant 
of the 
integrators. 
The 
clock-to-cutoff-frequency 
ratio (fCLK/fcl 
is set by the ratio of 
the 
input 
and 
feedback 
capacitors' 
lin the 
integrators. 
The 
higher the clock-to-cutoff-frequency 
ratio the closer 
this ap- 
proximation 
is to the theoretical 
Butterworth 
response. 


1.1 CLOCK 
INPUTS 


The lMF40 
has a Schmitt-trigger 
inverting 
buffer 
which 
can 
be used to construct 
a simple 
R/C 
oscillator. 
Pin 3 is con- 
nected 
to Y-, 
making 
Pin 2 a low impedance 
output. 
The 
oscillator's 
frequency 
is nominally 


fCLK = 
1 


RC In [(YCC 
- 
Yt-) 
(Yt+)] 
YCC - 
Yt+ 
·yt- 


which 
is typically 


for YCC = 10Y. 


Note that fCLK is dependent 
on the buffer's 
threshold 
levels 
as well as the resistor/capacitor 
tolerance 
(see Figure 
1). 
Schmitt-trigger 
threshold 
voltage 
levels 
can change 
signifi- 
cantly causing 
the R/C oscillator's 
frequency 
to vary greatly 
from 
part to 'part. 


Where 
accurate 
cutoff 
frequency 
is required, 
an external 
clock 
can be used to drive the ClK 
R input of the lMF40. 


This input is TIl 
logic level compatible 
and also presents 
a 
very light 
load to the external 
clock 
source 
(- 
2 ",A). With 
split 
supplies 
and 
the 
level 
shift 
(L. Sh) 
tied 
to 
system 
ground. 
the logic level is about 
2Y. (See the Pin Description 
for L. Sh). 


1.0 LMF40 Application 
Information 
(Continued) 


1.2 POWER 
SUPPLY 
As an example, 
with a source 
impedance 
of 10 kO the over- 


The 
LMF40 
can 
be powered 
from 
a single 
supply 
or split 
all gain would 
be: 


supplies. 
The 
split 
supply 
mode 
shown 
in Figure 2 is the 
1 MO 


most flexible 
and easiest 
to implement. 
Supply 
voltages 
of 
Av = 
10 kO + 
1 MO = 0.99009 
or -0.086 
dB 


± SV to ± 7V enable 
the 
use of TIL 
or CMOS 
clock 
logic 


levels. 
Figure 3 shows 
AGND 
resistor-biased 
to V+ 12 for 


single supply operation. 
In this mode only CMOS clock 
logic 
levels 
can be used, 
and input 
signals 
should 
be capacitor- 


coupled 
or biased 
near mid-supply. 


1.3 INPUT 
IMPEDANCE 


The 
LMF40 
low-pass 
filter 
input 
(FILTER 
IN) is not a high 


impedance 
buffer 
input. 
This 
input 
is a switched-capacitor 


resistor 
equivalent, 
and its effective 
impedance 
is inversely 


proportional 
to the clock frequency. 
The equivalent 
circuit of 


the filter's 
input can be seen in Figure 4. The input capacitor 


charges 
to VIN during 
the first half of the clock 
period; 
dur- 


ing the second 
half the 
charge 
is transferred 
to the feed- 
back 
capacitor. 
The 
total 
transfer 
of charge 
in one 
clock 


cycle 
is therefore 
Q = 
CIN VIN, and since current 
is defined 


as the flow of charge 
per unit time, the average 
input current 
becomes 


IIN = Q/T 


(where 
T equals 
one clock 
period) 
or 


CINVIN 
IIN AVE = --T- 
= CIN VIN fCLK 


The equivalent 
input 
resistor 
(RIN) then 
can be expressed 


as 


VIN 
1 
RIN=-=--- 
IIN 
CINfCLK 


The input capacitor 
is 2 pF for the LMF40-S0 
and 
1 pF for 
the LMF40-100, 
so for the LMF40-100 


1 X 1012 
1 X 1012 
1 X 1010 
RIN = --- 
= --- 
= --- 


fCLK 
fe x 100 
fe 


S X 1011 
S X 1011 
1 X 1010 
RIN = --- 
= --- 
= --- 
fCLK 
fe x SO 
fe 


for 
the 
LMF40-S0. 
The 
above 
equation 
shows 
that 
for 
a 
given 
cutoff 
frequency 
(fel, 
the 
input 
resistance 
of 
the 


LMF40-S0 
is the same as that of the LMF40-100. 
The high- 
er the clock-to-cutoff-frequency 
ratio, the greater 
equivalent 


input resistance 
for a given clock 
frequency. 


This 
input 
resistance 
will 
form 
a voltage 
divider 
with 
the 


source 
impedance 
(RSouree). Since 
RIN is inversely 
propor- 


tional 
to the cutoff 
frequency, 
operation 
at higher 
cutoff 
fre- 


quencies 
will 
be more 
likely 
to attenuate 
the 
input 
signal 


which 
would 
appear 
as an overall 
decrease 
in gain to the 


output 
of the filter. 
Since 
the filter's 
ideal 
gain is unity, the 


overall 
gain is given 
by: 


Av = 
RIN 
RIN + RSouree 


If the LMF40-S0 
or the LMF40-100 
were set up for a cutoff 
frequency 
of 10kHz 
the input impedance 
would 
be: 


1 x 1010 
RIN = 
10kHz 
= 
1 MO 


Since 
the 
maximum 
overall 
gain 
error 
for 
the 
LMF40 
is 


+O.OS, 
-0.1S 
dB 
@ 2SoC with 
Rs 
:s; 2 kO the actual 
gain 
error for this case would 
be -0.04 
dB to -0.24 
dB. 


1.4 CUTOFF 
FREQUENCY 
RANGE 


The 
filter's 
cutoff 
frequency 
(fel 
has a lower 
limit 
due 
to 


leakage 
currents 
through 
the internal 
switches 
draining 
the 


charge 
stored 
on the capacitors. 
At lower clock frequencies 


these 
leakage 
currents 
can cause 
millivolts 
of error. For ex- 


ample: 
. 


fCLK = 
100 Hz, ILeakage = 
1 pA, C = 
1 pF 


V- 
1pA 
_ 
- 
1 pF (100 Hz) - 
10 mV 


The propagation 
delay 
in the logic and the settling 
time re- 
quired to acquire 
a new voltage 
level on the capacitors 
limit 


the filter's 
accuracy 
at high clock 
frequencies. 
The 
ampli- 
tude 
characteristic 
on ± SV supplies 
will typically 
stay 
flat 


until fCLK exceeds 
l.S MHz and then 
peak at about 
0.1, d'B 


at the corner 
frequency 
with a 2 MHz clock. 
As supply volt- 


age drops to ± 2.SV, a shift in the fCLK/fe ratio occurs 
which 


will become 
noticeable 
when 
the clock 
frequency 
exceeds 


SOOkHz. The response 
of the LMF40 
is still a good approxi- 


mation 
of 
the 
ideal 
Butterworth 
low-pass 
characteristic 


shown 
in Figure 
5.' 
. , 


2.0 Designing with the LMF40 ' 


Given 
any 
low-pass 
filter 
specification, 
two 
equations 
will 


come in handy in trying to determine 
whether 
the LMF40 will 
do the job. The first 
equation 
determines 
the order 
of the 


low-pass 
filter required 
to meet a given response 
specifica- 


tion: 


log [(100.1Amin - 
1)/(100.1Amax 
- 
1)] 
n= 
2 log (fs/fb) 
(2) 


where 
n is the order of the filter, Amin is the minimum 
stop- 


band attenuation 
(in dB) desired 
at frequency 
fs, and Amax is 
the passband 
ripple or attenuation 
(in dB) at cutoff 
frequen- 
cy fb (Note 
1S). If the result of this equation 
is greater 
than 


4, more than one LMF40 
will be required. 


The attenuation 
at any frequency 
can be found 
by the fol- 
lowing 
equation: 


Attn (f) = 
10 log [1 + 
(100.1Amax - 
1)(flfb)2n)dB 
(3) 


where 
n = 
4 for the LMF40. 


2.1 A LOW-PASS 
DESIGN 
EXAMPLE 


Suppose. the amplitude 
response 
specification 
in Figure 6 is 
given. 
Can the 
LMF40 
be used? 
The 
order 
of the 
Butter- 


worth 
approximation 
will have to be determined 
using (1): 


Amin = 
18 dB, Amax = 
1.0 dB, fs = 2 kHz, and fb = 
1 kHz 


log[(101.8 
- 
1)/(100.1 
- 
1)] 
n = 
2 log(2) 
= 3.9S 


Since 
n can only take on integer 
values, 
n = 
4. Therefore 
the LMF40 
can be used. In general, 
if n is 4 or less a single 


LMF40 
can be utilized. 
• 


2.0 Designing with the LMF40 
(Continued) 


Ukewise, 
the attenuation 
at fs can be found 
using 
(3) with 


the above 
values 
and n = 4: 


Attn (2 kHz) = 1010g[1 + 100.1 - 
1)(2 kHz/1 
kHz)6] 
= 18.28 dB 


This result 
also meets the design 
specification 
given in Fig- 
ure 6 again 
verifying 
that 
a single 
LMF40 
section 
will 
be 


adequate. 


Since the LMF40's 
cutoff 
frequency 
(fel, which 
corresponds 


to a gain attenuation 
of -3.01 
dB, was not specified 
in this 


example, 
it needs 
to 
be 
calculated. 
Solving 
equation 
(3) 


where 
f = fe as follows: 


f 
-f 
[100.1(3.01dBI-1]1/(2nl 
e - 
b 
(100.1Amax - 
1) 


[ 
100.301 
- 
1]1/6 
= 1 kHz 
100.1 _ 1 


= 1.184 kHz 


where 
fe = fCLK 150 or fCLK/100. 
To implement 
this exam- 


ple for the LMF40-50 
the clock frequency 
will have to be set 


tofCLK 
= 50(1.184 
kHz) = 59.2 kHz, or for the LMF40-100, 


fCLK = 100 (1.184 
kHz) = 118.4 kHz. 


2.2 CASCADING 
LMF40s 


When 
a steeper 
stopband 
attenuation 
rate is required, 
two 


LMF40s 
can be cascaded 
(Figure 7) yielding 
an 8th order 


slope 
of 48 dB per octave. 
Because 
the LMF40 
is a Butter- 


worth 
filter 
and 
therefore 
has 
no 
ripple 
in its passband, 


when 
LMF40s 
are cascaded 
the resulting 
filter also has no 


ripple in its passband. 
Likewise 
the DC and passband 
gains 


will remain 
at 1VIV. The resulting 
response 
is shown 
in Fig. 


ure8a. 


In determining 
whether 
the cascaded 
LMF40s 
will yield 
a 


filter 
that will meet a particular 
amplitude 
response 
specifi- 


cation, 
as above, 
equations 
(4) and (5) can be used, shown 


below. 


log[(10,o.05Amin 
- 
1)/(100.05Amax 
- 
1)] 
n = -------------- 
2 log(fs/fb) 
(4) 


Attn (f) = 10 log [1 + (100.05Amax - 
1) (f/fb)2]dB 
(5) 


where 
n = 4 (the order 
of each filter). 


3 


LSH 


Equation 
(4) will determine 
whether 
the order 
of the filter is 
adequate 
(n s: 4) while equation 
(5) can determine 
the actu- 
al stopband 
attenuation 
and cutoff 
frequency 
(fel necessary 
to obtain 
the desired 
frequency 
response. 
The design 
pro- 
cedure 
would 
be identical 
to the one shown 
in Section 
2.0. 


2.3 CHANGING 
CLOCK 
FREQUENCY 
INSTANTANEOUSLY 


The 
LMF40 
responds 
well 
to an instantaneous 
change 
in 
clock 
frequency. 
If the control 
signal 
in Figure 9 is low the 
LMF40-50 
has a 100 kHz clock 
making 
fe = 2 kHz; when 
this signal goes high the clock frequency 
changes 
to 50 kHz 
yielding 
fe = 1 kHz. As Figure 9 illustrates, 
the output 
signal 


changes 
quickly 
and 
smoothly 
in response 
to 
a sudden 


change 
in clock 
frequency. 


The step response 
of the LMF40 
in Figure 10 is dependent 


on fe. The LMF40 
responds 
as a classical 
fourth-order 
But- 
terworth 
low-pass 
filter. 


2.4 ALIASING 
CONSIDERATIONS 


Aliasing 
effects 
have 
to be considered 
when 
input 
signal 
frequencies 
exceed 
half the sampling 
rate. 
For the 
LMF40 
this equals 
half the clock 
frequency 
(fCLK). When 
the input 
signal contains 
a component 
at a frequency 
higher than half 
the clock 
frequency 
fCLK/2, 
as in Figure 11a, that 
compo- 


nent 
will 
be 
"reflected" 
about 
fCLK/2 
into 
the 
frequency 


range 
below 
fCLK/2, 
as in Figure 11b. If this component 
is 
within 
the passband 
of the filter and of large enough 
ampli- 
tude it can cause 
problems. 
Therefore, 
if frequency 
compo- 


nents in the input signal exceed 
fCLK/2 they must be attenu- 
ated 
before 
being 
applied 
to the LMF40 
input. The 
neces- 
sary amount 
of attenuation 
will vary depending 
on system 
requirements. 
In critical 
applications 
the signal 
components 
above 
fCLK/2 
will have to be attenuated 
at least 
to the fil- 
ter's 
residual 
noise 
level. 
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FIGURE11.The phenomenon of aliasing in sampled-data systems. An input signal whose 
frequency is greater than one-half the sampling frequency will cause an output to appear 


at a frequency lower than one-half the sampling frequency. In the LMF40,fs = felK- 


t!1National 
Semiconductor 


LMF60 High Performance 
6th-Order Switched Capacitor 
Butterworth 
Lowpass Filter 


General Description 
The LMF60 is a high performance, precision, 6th-order But- 
terworth lowpass active filter. It is fabricated using Nation- 
al's LMCMOS process, an improved silicon-gate CMOS pro- 
cess specifically designed for analog products. Switched- 
capacitor techniques eliminate external component require- 
ments and allow a clock-tunable cutoff frequency. The ratio 
of the clock frequency to the low-pass cutoff frequency is 
internally set to 50:1 (LMF60-50) or 100:1 (LMF60-100). A 
Schmitt trigger clock input stage allows two clocking op- 
tions, either self-clocking (via an external resistor and ca- 
pacitor) for stand-alone applications, or for tighter cutoff fre- 
quency control, a TTL or CMOS logic compatible clock can 
be directly applied. The maximally flat passband frequency 
response together with a DC gain of 1VIV allows cascading 
LMF60 sections for higher-order filtering. In addition to the 
filter, two independent CMOS op amps are included on the 
die and are useful for any general signal conditioning appli- 
cations. The LMF60 is pin- and functionally-compatible with 
the MF6, but provides improved performance. 


Features 
• 
Cutoff frequency range of 0.1 Hz to 30 kHz 
• 
Cutoff frequency accuracy of ± 1.0%, maximum 
• 
Low offset voltage ±100 mY, maximum, ±5V supply 


• 
Low clock feedthrough of 10 mVp_p, typical 
• 
Dynamic range of 88 dB, typical 
• 
Two uncommitted op amps available 
• 
No external components required 
• 
14-pin DIP or 14-pin wide-body S.O. package 
• 
Single/Dual Supply Operation: 
+4V to + 14V (±2V to ±7V) 
• 
Cutoff frequency set by external or internal clock 


• 
Pin-compatible with the MF6 


Applications 
• 
Communication systems 
• 
Audio filtering 
• 
Anti-alias filtering 
• 
Data acquisition noise filtering 
• 
Instrumentation 
• 
High-order tracking filters 
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Order Number LMF60CMJ-50, 


(5962-9096 701MCA or 
LMF60CMJ50/883), 
LMF60CMJ-100, or 
(5962-9096 702MCA 
or LMF60CMJ 100/883) 
See NS Package Number J14A 


Order Number LMF60CIWM-50 
or LMF60CIWM-100 
See NS Package Number M148 


Order Number LMF60CIN-50 
or LMF60CIN-100 
See NS Package Number N14A • 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified 
devices 
are required. 
Soldering Information: 
please 
contact 
the 
National 
Semiconductor 
Sales 
• N Package: 10 sec. 
260·C 
Office/Distributors 
for availability 
and specifications. 
• J Package: 10 sec. 
300·C 


Supply Voltage (V+ - V-) (Note 2) 
1SV 
• SO Package: Vapor Phase (60 sec.) 
21S·C 


Voltage at Any Pin 
V+ + 0.2V 
Infrared (1Ssec.) (Note 6) 
220·C 
V- 
- 0.2V 
Operating 
Ratings 
(Note 1) 
Input Current at Any Pin (Note 3) 
SmA 


Package Input Current (Note 3) 
20mA 
Temperature Range 
TMin';; TA';; TMax 


Power Dissipation (Note 4) 
SOOmW 
LMF60CIN·SO,LMF60CIN·100 
LMF60CIJ-SO.LMF60CIJ-100, 


Storage Temperature 
-6S·Cto 
+1SO"C 
LMF60CIWM-SO. 


ESD Susceptibility (Note S) 
2000V 
LMF60CIWM-100 
-40"C';; 
TA';; +8S·C 


CLK IN Pin 
1700V 
LMF60CMJ-SO,LMF60CMJ-100, 
LMF60CMJSO/883, 
LMF60CMJ100/883 
- SS·C,;; TA ,;; + 12S·C 


Supply Voltage (V+ - V-I 
4Vto 14V 


Filter Electrical Characteristics 
The following specifications apply for fClK = SOOkHz (Note 7) unless otherwise specified. Boldface limits apply for TA = TJ 
= TMIN to TMAX;all other limits TA = TJ = 2S·C. 


Symbol 
Parameter 
Conditions 
Typical 
Limits 
Units 
(Note 8) 
(Note 9) 
(Limits) 


y+ 
= +5Y. Y- 
= -5Y 


fClK 
Clock Frequency Range 
S 
Hz (Min) 


(Note 16) 
1.5 
MHz (Max) 


Is 
Total Supply Current 
7.0 
1 
12.0 
mA(Max) 


Clock Feedthrough 
VIN = OV 
Filter 
10 
mVp-p 
Opamp 
S 
mVp-p 


Ho 
DC Gain 
RSource,;; 2 kO 
0.10 
1 
0.10 
dB (Max) 


-0.26 
1 
-0.30 
dB (Min) 


fClK/fc 
Clock to 
LMF60-S0 
49.00 ±0.8% 
140.00 ± 1.0% 
(Max) 


Cutoff 
Frequency 
LMF60-100 
98.10 ±0.8% 
108.10 ± 1.0% 
(Max) 


Ratio (Note 10) 


Temperature Coefficient 
4 
ppml"C 
offClK/fc 


AMIN 
Stopband Attenuation 
At2 x fc 
. 
38 
dB (Min) 


Vos 
DC Offset 
LMF60-S0 
±100 
mV(Max) 


Voltage 
LMF60-100 
±150 
mV(Max) 


Your 
Output Voltage 
+3.9 
1 
+3.7 
V (Min) 


Swing (Note 2) 
-4.2 
1 
-4.0 
V (Max) 


Isc 
Output Short Circuit 
Source 
90 
mA 


Current (Note 11) 
Sink 
2.2 
mA 


Dynamic Range 
88 
dB 
(Note 12) 


Additional 
LMF60-S0 
fiN = 12 kHz 
-9.4S 
±0.46 
1-0.45 ±0.50 
dB 
Magnitude 
fiN = 9 kHz 
-0.87 
±0.16 
1-0.87 ±0.20 
dB 
Response 
Test Points 
LMF60-100 
fiN = 6 kHz 
-9.30 
±0.46 
1-0.30 ±0.50 
dB 


(Note 13) 
fiN = 4.S kHz 
-0.87 
±0.16 
/-0.87 
±0.20 
dB 


Filter Electrical Characteristics 
(Continued) 


The following 
specifications 
apply for fCLK = 250 kHz (Note 7) unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TA = TJ 
= T MIN to T MAX; all other 
limits TA = TJ = 25°C. 


Limits 


(Note 
9) 


Units 


(Limits) 


fCLK 
Clock 
Frequency 
Range 
5 
Hz (Min) 


(Note 
16) 
750 
kHz (Max) 


IS 
Total Supply Current 
5.0 
1 
8.5 
mA(Max) 


Clock Feedthrough 
VIN = OV 
Filter 
6 
mV 


(Peak to Peak) 
Opamp 
3 
mV 


Ho 
DC Gain (with 
fCLK = 250 kHz 
0.10 
1 
0.10 
dB (Max) 


RSource :s; 2 kO) 
-0.26 
1 
-0.30 
dB (Min) 


fCLK = 500 kHz 
-0.08 
dB 


fCLK/fc 
crock 
to 
LMF60-50 
fCLK = 250 kHz 
49.00 
±0.8% 
149.00 ± 1.0% 
(Max) 


Cutoff 
fCLK = 500 kHz 
49.00 
±0.6% 
Frequency 


Ratio 
LMF60-100 
fCLK = 250 kHz 
98.10 
±0.8% 
198.10 ± 1.0°"- 
(Max) 


(Note 10) 
fCLK = 500 kHz 
98.10 
±0.6% 


Temperature 
Coefficient 
- 


offCLK/fc 


4 
ppmrc 


AMIN 
Stopband 
Attenuation 
At2 x fC 
38 
dB (Min) 


Vos 
DC Offset 
LMF60-50 
±80 
mV(Max) 


Voltage 
LMF60-100 
±90 
mV(Max) 


VOUT 
Output Voltage 
RL = 5 kO 
+1.4 
1 
+ 1.2 
V (Max) 


Swing (Note 2) 
-2.0 
1 
-1.8 
V (Min) 


Isc 
Output Short Circuit 
Source 
42 
mA 


Current 
(Note 11) 
Sink 
0.9 
mA 


Dynamic 
Range 
, 


(Note 12) 
81 
dB 


Additional 
LMF60-50 
fiN = 6 kHz 
-9.45 
±0.46 
1-9.45 
±0.50 
dB 


Magnitude 
fiN = 4.5 kHz 
-0.87 
±0.16 
1-0.87 
±0.20 
dB 
Response 


Test Points 
LMF60-100 
fiN = 3 kHz 
-9.30 
±0.46 
1-9.30 
±0.50 
dB 


(Note 13) 
fiN = 2.25 kHz 
-0.87 
±0.16 
1-0.87 
±0.20 
dB 
• 


Op Amp Electrical Characteristics 
Boldface 
limits 
apply 
for 
TA = TJ = T MIN to TMAX; all other 
limits TA = TJ = 2SoC. 


Conditions 
Typical 
limits 
Units 


Symbol 
Parameter 
(Note 
8) 
(Note 
9) 
(limits) 


y+ 
= +5Y, 
Y- 
= -5Y 


Vos 
Input Offset 
Voltage 
i 
±20 
mV(Max) 


IB 
Input Bias Current 
10 
. 


pA 


CMRR 
Common 
Mode Rejection 
test 
Input Range = 
55 
dB 
Ratio (Op Amp #2 Only) 
-2.2Vto 
+1.8V 


Vo 
Output Voltage 
Swing 
RL = S kO 
3.8 
/ 
3.6 
V (Min) 


-4.2 
/ 
-4.0 
V (Max) 


Isc 
Output 
Short Circuit 
Source 
90 
mA 


Current 
(Note 13) 
Sink 
2.1 
mA 


SR 
Slew Rate 
4 
V//-Ls 


AVOL 
DC Open loop 
Gain 
80 
. 
dB (Min) 
, 


GBW 
Gain Bandwidth 
Product 
2.0 
MHz 


y+ 
= +2.5Y, 
Y- 
= -2.5Y 


Vos 
Input Offset 
Voltage 
±20 
mV(Max) 


IB 
Input Bias Current 
10 
pA 


CMRR 
Common 
Mode Rejection 
Testlnput 
Range = 
55 
dB 
Ratio (Op Amp # 2 Only) 
-0.9Vto 
+0.5V 


Vo 
Output Voltage 
Swing 
RL = 5 kO 
1.3 
/ 
1.1 
V (Min) 


-1.8 
/ 
-1.6 
V (Max) 


Isc 
Output Short Circuit 
Source 
42 
mA 


Current 
(Note 13) 
Sink 
0.9 
mA 


SR 
Slew Rate 
3 


_. 


V//-LS 
, 


AVOL 
DC Open loop 
Gain 
74 


.. 


dB (Min) 
I 
... 


GBW 
Gain Bandwidth 
Product 
2.0 
MHz 


Logic Input-Output 
Characteristics 


The following 
specifications 
apply for V- 
= OV (Note 
15), L.Sh, = OV unless otherwise 
specified. 
Boldface 
limits 
apply 
for TA 


= TJ = TMIN to TMAX; all othe! 
limits TA = TJ = 2SoC. 


Symbol 
Parameter 
Conditions 
Typical 
limits 
Units 


(Note 
8) 
(Note 
9) 
(limits) 


TTl 
CLOCK 
INPUT, 
ClK 
R PIN (NOTE 
14) 


VIH 
TTl 
Input 
logical 
"1" 
V+ 
= +SV,V- 
= -5V 
2.0 
V (Min) 


VIL 
Voltage 
logical 
"0" 
0.8 
V (Max) 


VIH 
ClKR 
Input 
logical 
"1" 
V+ 
= +2.SV, 
V- 
= -2.5V 
2.0 
V (Min) 


VIL 
Voltage 
logical 
"0" 
0.6 
/ 
0.4 
V (Max) 


Maximum 
leakage 
2.0 
/-LA 
Current 
at ClK 
R 


Logic Input-Output 
Characteristics 
(Continued) 
The following 
specifications 
apply for Y- 
= OY (Note 15), L.Sh = OY unless otherwise 
specified. 
Boldface 
limits 
apply 
for TA 
= TJ = TMIN to TMAX; all other 
limits TA = TJ = 25°C. 


Conditions 
Typical 
Limits 
Units 
Symbol 
Parameter 
(NoteS) 
(Note 
9) 
(Limits) 


SCHMITT 
TRIGGER 


YT+ 
Positive 
Going Input 
• 
y+ 
= 10Y 
6.1 
/ 
6.0 
Y(Min) 


Threshold 
Yoltage 
8.8 
/ 
8.9 
Y(Max) 


y+ 
= 5Y 
3.0 
/ 
2.9 
Y(Min) 


4.3 
/ 
4.4 
Y(Max) 


YT- 
Negative 
Going Input 
y+ 
= 10Y 
1.4 
/ 
1.3 
Y(Min) 


Threshold 
Yoltage 
3.8 
/ 
3.9 
Y(Max) 


y+ 
= 5Y 
0.7 
/ 
0.6 
Y(Min) 


1.9 
/ 
2.0 
Y(Max) 


YT+ 
-YT- 
Hysteresis 
y+ 
= 10Y 
2.3 
/ 
2.1 
Y(Min) 
7.4 
/ 
7.6 
Y(Max) 


y+ 
= 5Y 
1.1 
/ 
0.9 
Y(Min) 


, 
3.6 
/ 
3.8 
Y(Max) 


YOH 
Logical 
"1" 
Yoltage 
y+ 
= +10Y 
9.1 
/ 
9.0 
Y(Min) 
10= 
-10,...A,Pinl1 
y+ 
= +5Y 
4.6 
/ 
4.5 
Y(Min) 


VOL 
Logical 
"0" 
Yoltage 
y+ 
= +10Y 
0.9 
/ 
1.0 
Y(Max) 
10= -10 
,...A,Pin 11 
y+ 
= +5Y 
0.4 
/ 
0.5 
Y(Max) 


ISOURCE 
Output 
Source 
CLKR 
toY- 


Current, 
Pin 11 
y+ 
= +10Y 
4.9 
/ 
3.7 
mA(Min) 
y+ 
= +5Y 
1.6 
/ 
1.2 
mA(Min) 


ISINK 
Output 
Sink 
CLKRtoY+ 


Current, 
Pin 11 
y+ 
= +10Y 
4.9 
/ 
3.7 
mA(Min) 
y+ 
= +5Y 
1.6 
/ 
1.2 
mA(Min) 


Note 1: Absolute 
Maximum 
Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional. 
Specified 
Electrical 
Characteristics 
do not apply when operating the device outside its specified 
conditions. 


Note 2: All voltages 
are measured with respect to AGNO, unless otherwise 
specified. 


Note 3: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN < V- 
or VIN > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries 
with 5 mA to four. 


Note 4: The Maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJ Max, 8JA, and the ambient temperature 
TA. The maximum 
allowable power dissipation 
is PD = (TJ Max - 
TAJI8 JA or the number given in the absolute ratings, whichever 
is lower. For this device, TJ Max = 125°C, and the 
typical junction-te-ambient 
thermal resistance 
of the LMF60CCN 
when board mounted is src/w. For the LMF60CIJ this number decreases 
to 6'Z'C/W. 
For the 
LMF6OCIWM, 8JA - 
78"C/W. 


Note 5: Human body model: 100 pF discharged 
through a 1.5 kO resistor. 


Note 6: See AN450 "Surface 
Mounting Methods and Their Effect on Product Reliability" 
or the section titled "Surface 
Mount" found in any current Linear Databook 
for other methods 
of soldering surface mount devices. 


Note 7: The specifications 
given are for a clock frequency 
(feud 
of 500 kHz at + 5V and 250 kHz at ±2.5V. 
Above this frequency, 
the cutoff frequency 
begins to 
deviate from the specified 
error band over the temperature 
range but the filter still maintains its amplitude 
characteristics. 
See application 
hints. 


Note 8: Typicals are at 25°C and represent 
the most likely parametric 
norm. 


Note 9: Guaranteed 
to National's 
Average Outgoing Quality Level (AOQL). 


Note 10: The cutoff frequency 
of the filter is defined as the frequency 
where the magnitude 
response is 3.01 dB less than the DC gain of the filter. 


Note 11: The short circuit source current is measured by forcing the output to its maximum positive swing and then shorting that output to the negative supply. The 
short circuit sink current is measured by forcing the output being tested to its maximum negative voltage and then shorting that output to the positive supply. These 
are worst case conditions. 


Note 12: For ±5V supplies the dynamic range is referenced 
to 2.62 Vrms (3.7V peak), where the wideband noise over a 20 kHz bandwidth 
is typically 
100 JJ.V.For 
±2.5V 
supplies the dynamic range is referenced 
to 0.849 Vrms (1.2V peak), where the wideband 
noise over a 20 kHz bandwidth 
is typically 75 JJ.Vrms' 


Note 13: The filter's 
magnitude 
response 
is tested at the cutoff frequency, 
fe, at fiN = 2 fe, and at these two additional 
frequencies. 


Note 
14: The LMF60 is operated 
wtth symmetrical 
supplies and L.Sh is tied to GND. 


Note 15: For simplicity all the logic levels (except for the TTL input logic levels) have been referenced 
to V- 
= OV. The logic levels will scale accordingly 
for ±5V 
and ±2.5V supplies. 


Note 16: The nominal ratio of the clock frequency 
to the low·pass cutoff frequency 
is internally set to 50·t0-1 (LMF60-50) 
or 100·t0-1 (LMF60-100). 
,. 


Typical Performance 
Characteristics 


fCLK/fc Deviation 
fCLK/fC Deviation 
fCLK/fC Deviation 
va Power Supply Voltage 
va Temperature 
va Clock Frequency 
0.10 
D.2D 
+5 
_I 
I 
II 
LWF60- 50 


o.D5 
+3 
V5=5V I 


0.10 


Vs 


l 
=5J-- 
10.00 
1".0 


10m 
r' 
••.. 
'" 
II 
/ 
••... 
- 
~" 


VS= IOY- 


•• -o.os 
•• 
""'" 
- 
•• 
-1 
LWF60-50 
Vs = 10V 
~ 
- 
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'a.x = 500 kHz 


-0.15 
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12 
,. 
-55 
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65 
1~ 
0 
o.s 
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1.5 
2.D 
2.5 


POWER SUPPLY VOLTAGE(V) 
TDolPERATURE(OC) 
ClOCK FREQUENCY(WHz) 


fCLK/fC Deviation 
fCLK/fC Deviation 
fCLK/fC Deviation 
va Power Supply Voltage 
va Temperature 
va Clock Frequency 
0.10 
D.2D 


LWF60-100 
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+5 
I 
LWF60-100 


o.D5 
'a.x = 500 kHz 
+3 
I 
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0.10 


I 
VS~~~ 
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0m 
••.. 


10m 


VS1=~~ 
oOlll~ 
r' 
I 
,/ 
~ 
I, 
"'''''' 
•• -o.os 
•• 
•• 
-1 
- 
LWF60-100 
Vs=SV 
~=5OOkHZ- 
-0.10 
,Vsr,· 
I I 
-0.10 II 
A=2~OC 
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-3 
I I 
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1 
-D.2D 
I I 
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POWERSUPPLY VOLTAGE(V) 
TDolPERATURE(OC) 
ClOCK FREQUENCY(WHz) 


DC Gain Deviation 
DC Gain Deviation 
DC Gain Deviation 
va Power Supply Voltage 
va Temperature 
va Clock Frequency 
o.D5 
0.1 
0.2 
I I 
1/ •••• 
Vs = IOY 
..,.-0.2 
-...LI 


! -o.os 
~ 


0.0 
Ix 
, 
...•. 
r - 
~ 
, 
V =10V .•••••• 
I 
g -0.1 
vs=1> 
'\ 


1-0.& 
1\ 
I 


~ 


-0.15 
3 
~ 
-1.0 
I 


LWF60-50 
C1 
I 


g 
TA=25OC 
- 
g-0.2 
LWF60-50 
g 
fctj(= 
500 kHz 
'a.x = 500 kHz 
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-TA=25OC 
\,Vs=5V- 
-0.25 


-0.3 
-1.8 
- 
LWF60-~ 
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POWER SUPPLY VOLTAGE(V) 
TDolPERATURE(OC) 
ClOCK FREQUEIlCY(WHz) 


TL/H/9294-3 


Typical Performance 
Characteristics 
(Continued) 


DC Gain Deviation 
DC Gain Deviation 
DC Gain Deviation 
va Power 
Supply 
Voltage 
va Temperature 
va Clock Frequency 
Cl.05 
0., 
02 
I 


!:-Cl.05"'" 
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~~ 
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Vsl=l~ 
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("C) 
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rJIEQUOlC'( (11Hz) 


DC Off •• t Voltege 
Deviation 
Power 
Supply Current 
Power 
Supply Current 
va Power 
Supply Voltege 
va Power Supply 
Voltage 
va Temperature 


10 
55 
I I 
IDjLJ.L 
! 
3Oi'oo. 
5D 
TA=25OC 
71l _ 
'CIJ(=5OOkHz 


ICIJ(= 500 kHz 


1 
~ 
14.5 
~ 


lID 
VS=1OV 
V 


0 
I 
I 


5D 
-+-t" 


~ 
-30 
, 
4D 
- 
1".00 
'\ 
I' 
4D 


8 
;u 
a 500 kHz 
'\ 
15 
~ 
5Jl 


I 
'\ 
is=1 
5V 


-eo 
3.0 
2Jl 
4 
• 
• 
10 
12 
14 
4 
• 
8 
10 
12 
14 
-55 
-15 
25 
15 
1015 


POWtJl 5IJl'Pl T VOlTAGE (V) 
POWEJI5IJl'PlT 
VOlTAGE (V) 
lDIP£RAlURE 
(OC) 


- 


Poaltlve 
Voltege 
Swing 
Negative 
Voltage 
SWing 
Poaltlve 
Voltege 
Swing 
va Power 
Supply 
Voltage 
va Power 
Supply Voltege 
va Temperature 


ID 
I 
-2.0 
TA=2.5OC 
I 


vsLJ- 
~ 
~a~ 
~ 
ICIJ(= 500 kHz 
~ 
4D 


1 


5D 
1-3.0 
I 


R~ =5k 


1 
I 


~ 
4D 
1 
~-4D 
~ 


3.0 
FUER 
I 
~ 
3.0 
i-s.o 
~ 
1~=15OOkHz 
i 


TA-2.5OC 
l!1 
i 


2D 
T I 
I 
1- 


hV~5:- 


2D 
i!-s.o 
Rt.a5k 
~ 


1 
'cue = 500 kHz 
z 
" 
III 
1 
-71l 
1.0 


4 
• 
8 
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12 
14 
4 
• 
8 
10 
12 
14 
-M 
-15 
25 
15 
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POWtJl 5IJl'Pl T VOlTAGE (V) 
POWtJl SUI'1'I.T VOlTAGE (V) 
lDIP£RAlURE 
(OC) 
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• 


05 
4 
6 
8 
W 
U 
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POWERSUPPLY VOLTAGE(V) 


-55 
-15 
25 
65 
105 


TDlPERATURE(OC) 


Crosstalk 
from Filter 
toOpAmps 


I I I 


TA=25OC 
'" 
I 


f--- 


V~+ 
1/" 
" 
vT- 
~ 


.....1-"'1 


"""I-'" 
I 
'c;u<= 500 kHz 


6 
8 
10 
12 
14 


POWERSUPPLY VOLTAGE(V) 


Crosstalk 
from Either 
Op Amp to Filter 
o 


Equivalent 
Input Noise 
Voltage 
of Op Amps 


240 


200 
~ 


T =25OC 


160 
~I 120 
!~ 
80 
~ 
40 


0 
10 
100 
lk 
10k 
lOOk 


FREQUENCY(Hz) 
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-20 
! 
-40 
~ 
-60 
~ 
~ 
-80 


-100 


-120 


10 
100 
lk 
10k 
lOOk 


FREQUENCY(Hz) 


V01(4), 
INV1 (13) 


V02(2). 
INV2 (14), 
NINV2 (1) 


V+ (6), V- 
(10) 


Pin 
ClK IN (9) 
Description 
A CMOS Schmitt-trigger 
input to 
be 


used with an external CMOS logic level 
clock. 
Also 
used 
for 
self-clocking 


Schmitt-trigger oscillator (See Section 
1.1). 


A ITl 
logic level clock input when in 


split supply operation (± 2V to ±7V) and 
L. Sh tied to system ground. This pin be- 
comes a low impedance output when 
L.Sh is tied to V- . Also used in conjunc- 
tion with the ClK IN pin for self clocking 
SChmitt-trigger oscillator (See Section 
1.1). 


level shift pin, selects the logic thresh- 
old levels for the desired clock. When 
tied to V- 
it enables an internal TRI- 


STATES 
buffer 
stage 
between 
the 


Schmitt trigger and the internal clock 
level shift stage thus enabling the ClK 
IN Schmitt-trigger input and making the 
ClK R pin a low impedance output. 


When the voltage level at this input ex- 
ceeds [25% (V+ - 
V-) + V-j 
the in- 


ternal TRI-STATEfl>buffer is disabled al- 
lowing the ClK 
R pin to become the 


clock input for the internal clock level 
shift stage. The ClK R threshold level is 
now 2V above the voltage applied to the 
L.Sh pin. Driving the ClK R pin with ITl 
logic 
levels 
can 
be 
accomplished 
through the use of split supplies and by 
tying the L.Sh pin to system ground. • 


Pin Description 
(Pin Numbers) 


Pin 
Description 


FilTER OUT (3) 
The output of the lowpass filter will typi- 
cally swing to within 1V of each supply 
rail. 


The input to the lowpass filter. To mini- 
mize gain errors the source impedance 
that drives this input should be less than 
2k (See Section 1.4). For single supply 
operation the input signal must be bi- 
ased to mid-supply or AC coupled. 


This pin is used to adjust the DC offset 
of the filter output; if not used it must be 
tied to the AGND potential. (See Section 
1.3) 


The analog ground pin. This pin sets the 
DC bias level for the filter section and 
the noninverting input of Op-Amp # 1 
and must be tied to the system ground 
for split supply operation or to mid-SUp- 
ply for single supply operation (See Sec- 
tion 1.2). When tied to mid-supply this 
pin should be well bypassed. 


V01 is the output and INV1 is the invert- 
ing input of Op-Amp # 1. The non-invert- 
ing input of this Op-Amp is internally 
connected to the AGND pin. 


V02 is the output. INV2 is the inverting 
input. and NINV2 is the non-inverting in- 
put of Op-Amp # 2. 


The positive and negative supply pins. 
The total power supply range is 4V to 
14V. Decoupling these pins with 0.1 ,..,F 
capacitors is highly recommended. 


1.0 LMF60 Application 
Hints 


The lMF60 is comprised of a non-inverting unity gain low- 
pass sixth-order Butterworth switched capacitor filter sec- 
tion and two undedicated CMOS Op-Amps. The switched- 
capacitor topology makes the cutoff frequency (where the 
gain drops 3.01 dB below the DC gain) a direct ratio (100:1 
or 50:1) of the clock frequency supplied to the lowpass filter. 
Internal integrator time constants set the filter's cutoff fre- 
quency. The resistive element of these integrators is actual- 
ly a capacitor which is "switched" at the clock frequency 
(for a detailed discussion see Input Impedance section). 
Varying the clock frequency changes the value of this resis- 
tive element and thus the time constant of the integrators. 
The clock to cutoff frequency ratio (fCLK/fc) is set by the 
ratio of the input and feedback capacitors in the integrators. 
The higher the clock to cutoff frequency ratio (or the sam- 
pling rate) the closer the approximation is to the theoretical 
Butterworth response. The lMF60 
is available in fCLK/fc 


ratios of 50:1 (lMF60-50) or 100:1 (lMF60-100). 


1.1 CLOCK 
INPUTS 


The lMF60 has a Schmitt-trigger inverting buffer which can 
be used to construct a simple R/C oscillator. The oscillator 


c 
...r:-1 


frequency is dependent on the buffer's threshold levels as 
well as on the resistor/capacitor tolerance (See Figure 
1). 


SChmitt-triggerthreshold voltage levels can vary significant- 
ly causing the R/C oscillator's frequency to vary greatly 
from part to part. 


Where accuracy in fc is required an external clock can be 
used to drive the ClK R input of the lMF60. This input is 
TTl 
logic level compatible and also presents a very light 


load to the external clock source (- 2 ,..A) with split sup- 
plies and L.Sh tied to system ground. The logic level is pro- 
grammed by the voltage applied to level shift (L.Sh) pin (See 
the Pin Description for L.Sh pin). 


1.2 POWER 
SUPPLY 
BIASING 
The lMF60 can be biased from a single supply or dual split 
supplies. The split supply mode shown in Figures 2 and 3is 
the most flexible and easiest to implement. As discussed 
earlier split supplies, ±2V to ±7V, will enable the use of 
TTl 
or CMOS clock logic levels. Figure 
4 shows two 


schemes for single supply biasing. In this mode only CMOS 
clock logic levels can be used. 


1 


fClK = 
[ 
)] 


( 
VCC-VT- 
VT+ 
RCln 
--- 
- 


Vcc - 
VT+ 
VT- 


Typically for Vcc = v+ 
- 
v- 
- 
10V: 


1 


fCLK = 1.37 RC 


1.0 LMF60 Application 
Hints (Continued) 


If the LMF60-50 or the LMF60-100 were set up for a cutoff 
cies these leakage currents can cause millivolts of error, for 


frequency of 10kHz the input impedance would be: 
example: 


1 x 1010 
fCLK= 100 Hz, ILEAKAGE= 1 pA, C = 1 pF 
RIN = 
10kHz 
= 1 Mfi 
V = 
1 pA 
10mV 
In this example with a source impedance of 10k the overall 
1 pF (100 Hz) 
gain, if the LMF60 had an ideal gain of 1 (0 dB) would be: 
The propagation delay in the logic and the settling time re- 


1 Mfi 
0.99009 (- 86.4 mdB) 
quired to acquire a new voltage level on the capacitors in- 


Av = 10 kfi + 1 Mfi 
creases as the LMF60 power supply voltage decreases. 


Since the maximum overall gain error for the LMF60 is + 0.1 
This causes a shift in the fCLK/fc ratio which will become 


dB, -0.3 
dB with a Rs :s;2 kfi the actual gain error for this 
noticeable when the clock frequency exceeds 500 kHz. The 


case would be +0.21 dB to -0.39 
dB. 
amplitude characteristic will stay within tolerance until fCLK 
exceeds 750 kHz and will peak at about 0.4 dB at the cutoff 
1.5 CUTOFF FREQUENCY RANGE 
frequency with a 2 MHz clock. The response of the LMF60 


The filter's cutoff frequency (fel has a lower limit caused by 
is still a reasonable approximation of the ideal Butterworth 


leakage currents through the internal switches discharging 
lowpass characteristic as can be seen in Figure 
7. 


the stored charge on the capacitors. At lower clock frequen- 
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FIGURE 7c. LMF60·100 ± 2.5V Supplies 
FIGURE 7d. LMF60·50 ± 2.5V Supplies 
Amplitude Response 
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FIGURE 
2. Dual Supply Operation 
LMF60 
Driven with 


CMOS 
Logic Level Clock (VIH ~ V+ 
- 
0.3 Vs and 
VIL 
os; V- + 0.3 Vs where 
Vs = V+ - V-) 
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FIGURE 
3. Dual Supply 
Operation 
LMF60 Driven 
with TTL Logic Level Clock 
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3 rllTER 
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b) Using Op-Amp 
2 to Buffer 
AGND 


FIGURE 
4. Single Supply Operation 


3 
FILTER 
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..nIl. 
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OV 
CIl0S 
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FILTER 
OUT 
3 


1.3 OFFSET 
ADJUST 


The VosADJ 
pin is used in adjusting 
the output 
offset 
level 
of the filter section. 
If this pin is not used it must be tied to 
the analog ground 
(AGND) 
level, either mid-supply 
for single 
ended 
supply 
operation 
or ground 
for split supply operation. 


This pin sets the zero reference 
for the output 
of the filter. 


The implementation 
of this pin can be seen 
in Figure 
5. In 
5(a) DC offset 
is adjusted 
using a potentiometer; 
in 5(b) the 
Op-Amp 
integrator 
circuit 
keeps 
the average 
DC output 
lev- 
el at AGND. 
The circuit 
in 5(b) is therefore 
appropriate 
only 
for AC-coupled 
signals 
and signals 
biased 
at AGND. 


1.4 INPUT 
IMPEDANCE 


The LMF60 
lowpass 
filter input (FILTER 
IN pin) is not a high 
impedance 
buffer 
input. 
This 
input 
is a switched 
capacitor 
resistor 
equivalent, 
and its effective 
impedance 
is inversely 
proportional 
to the clock frequency. 
The equivalent 
circuit of 
the 
input 
to the 
filter 
can 
be seen 
in Figure 
6. The 
input 
capacitor 
charges 
to the input voltage 
(V,N) during 
one half 
of the 
clock 
period, 
during 
the 
second 
half the 
charge 
is 
transferred 
to the feedback 
capacitor. 
The total 
transfer 
of 
charge 
in one 
clock 
cycle 
is therefore 
Q = 
C,NV,N, and 
since 
current 
is defined 
as the flow of charge 
per unit time 
the average 
input current 
becomes 


I'N = Q/T 


(where 
T equals 
one clock 
period) 
or 


C,NV,N 
I'N = -T- 
= C,NVINfCLK 


FILTER7 
INPUT 
R 
- 
_ 


IN 
+ 


I AGND 
I 


TUH/9294-15 
a) Equivalent 
Circuit 
for 
LMF60 
Filter 
Input 


The equivalent 
input resistor 
(RIN) then can be defined 
as 


1 
R'N = V,N/IIN = --- 
C,NfCLK 


The input capacitor 
is 2 pF for the LMF60-50 
and 
1 pF for 
the LMF60-100, 
so for the LMF60-100 


1x1012 
1x1012 
1x1010 
R'N = --- 
= --- 
= --- 
fCLK 
fc X 100 
fC 


5 X 1011 
5 X 1011 
1 X 1010 
R'N = --- 
= --- 
= --- 
fCLK 
fc X 50 
fc 


for the LMF60-50. 
As shown 
in the above 
equations, 
for a 
given cutoff 
frequency 
(fe) the input impedance 
remains 
the 
same for the LMF60-50 
and the LMF60-100. 
The higher the 
clock 
to cutoff 
frequency 
ratio, the greater 
equivalent 
input 
resistance 
for a given 
clock 
frequency. 
As the 
cutoff 
fre- 


quency 
increases 
the equivalent 
input impedance 
decreas- 
es. This input resistance 
will form a voltage 
divider 
with the 
source 
impedance 
(RsOURCE). Since 
R'N is inversely 
pro- 


portional 
to the cutoff 
frequency, 
operation 
at higher 
cutoff 


frequencies 
will be more likely to load the input signal which 
would 
appear 
as an overall 
decrease 
in gain at the output 
of 


the filter. Since the filter's 
ideal gain is unity, its overall 
gain 
is given 
by: 


A 
- 
R'N 
v- 


R'N + RSOURCE 


NON-OVERLAPPING 
CLOCKS 


FILTER 
i1~16 1 


2 


. 


INPUT~ 
- 
_ •• 


RII= c,J CLK 
I A~D 


I 
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b) Actual 
Circuit 
for 
LMF60 
Filter 
Input 


FIGURE 
6. LMF60 
Filter 
Input 
• 


2.0 Designing with the LMF60 
Given any lowpass filter specification, two equations will 
come in handy in trying to determine whether the LMF60 will 
do the job. The first equation determines the order of the 
lowpass filter required: 


log (100.1AMin- 
1) - log(100.1AMax- 
1) 


n = ------------ 
(1) 
2 log (fs/fb) 


where n is the order of the filter, AMinis the minimum stop- 
band attenuation (in dB) desired at frequency fs, and AMaxis 
the passband ripple or attenuation (in dB) at frequency fb. If 
the result of this equation is greater than 6, then more than 
a single LMF60 is required. 
The attenuation at any frequency can be found by the fol- 
lowing equation: 
Attn(!) = 1010g[1 + (100.1AMax-1)(f/fb)2n]dB 
(2) 


where n = 6 (the order of the filter). 


2.1 A LOWPASS DESIGN EXAMPLE 


Suppose the amplitude response specification in Figure 8 is 
given. Can the LMF60 be used? The order of the Butter- 
worth approximation will have to be determined using eq. 1: 


AMin = 30 dB, AMax= 1.0 dB, fs = 2 kHz, and fb = 1 kHz 


n = log(103 - 1) - log(100.1 - 
1) = 5.96 
210g(2) 


Since n can only take on integer values. n = 6. Therefore 
the LMF60 can be used. In general, if n is 6 or less a single 
LMF60 stage can be utilized. 
Likewise, the attenuation at fs can be found using equation 
2 with the above values and n = 6 giving: 


Atten (2 kHz) = 10 log [1 + (100.1- 
1) (2/1)12] 


= 30.26 dB 


This result also meets the design specification given in Fig- 
ure 8 again verifying that a single LMF60 section will be 
adequate. 


fb=lk 
f.=2k 


FREQUENCY (Hz) 
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FIGURE 8. Design Example Magnitude Response 


Specification 
Where the Response of the Filter Design 


Must Fall Within the Shaded Area of the Specification 


Since the LMF60's cutoff freqency fc, which corresponds to 
a gain attenuation of - 3.01 dB, was not specified in this 
example it needs to be calculated. Solving equation 2 where 
f = fc as follows: 


f = f 
[100.1(3.01dB) 
- 
1)]1/(2n) 


C 
b 
(100.1AMax- 
1) 


= 1 (100.301 - 
1)1/12 
100.1- 
1 
= 1.119 kHz 


where fc = fCLK/50 or fCLK/100. 


To implement this example for the LMF60-50 the clock fre- 
quency will have to be set to fCLK = 50(1.119 kHz) = 
55.95 kHz or for the LMF60-100 fCLK = 100(1.119 kHz) = 
111.9 kHz 


2.2 CASCADING LMF60s 
In the case where a steeper stopband attenuation rate is 
required two LMF60's can be cascaded (Figure 9) yielding a 
12th order slope of 72 dB per octave. Because the LMF60 
is a Butterworth filter and therefore has no ripple in its pass- 
band, when LMF60's are cascaded the resulting filter also 
has no ripple in its passband. Likewise the DC and pass- 
band gains will remain at 1V/V. The resulting response is 
shown in Figure 
10. 


In determining whether the cascaded LMF60's will yield a 
filter that will meet a particular amplitude response specifi- 
cation, as above, equations 3 and 4 can be used, shown 
below. 
log (10°.05Amin- 1) - log(100.05AMax- 
1) 


n = ------------- 
(3) 
2 log (fs/fb) 


Attn(!) = 10 log[1 + (10°.05AMax- 
1) (f/fb)2n] dB 
(4) 


where n = 6 (the order of each filter). 


Equation 3 will determine whether the order of the filter is 
adequate (n ,;; 6) while equation 4 can determine if the 
required stopband attenuation is met and what actual cutoff 
frequency (fc) is required to obtain the particular frequency 
response desired. The design procedure would be identical 
to the one shown in Section 2.1. 


2.3 IMPLEMENTING A "NOTCH" FILTER WITH THE 
LMF60 
A "notch" filter with 60 dB of attenuation can be obtained by 
using one of the Op-Amps available in the LMF60 and three 
external resistors. The circuit and amplitude response are 
shown in Figure 
". 


The frequency where the "notch" will occur is equal to the 
frequency at which the output signal of the LMF60 will have 
the same magnitude but be 180 degrees out of phase with 
its input signal. For a sixth order Butterworth filter 180" 
phase shift occurs where f = fn = 0.742 fC. The attenua- 
tion at this frequency is 0.12 dB which must be compensat- 
ed for by making R1 = 1.014 X R2' 
Since R1 does not equal R2 there will be a gain inequality 
above and below the notch frequency. At frequencies below 
the notch frequency (f < fn), the signal through the filter 
has a gain of one and is non-inverting. Summing this with 
the input signal through the Op-Amp yields an overall gain 
of two or +6 dB. For f > fn, the signal at the output of the 
filter is greatly attenuated thus only the input signal will ap- 
pear at the output of the Op-Amp. With R3 = R1 = 1.014 
R2 the overall gain is 0.986 or -0.12 
dB at frequencies 
above the notch. 
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FIGURE 11b. LMF6o-S0 "Notch" 
Filter Amplitude Response 


2.0 Designing with the LMF60 (Continued) 


2.4 CHANGING CLOCK FREQUENCY 
INSTANTANEOUSLY 
The LMF60 will respond well to a sudden change in clock 
frequency. Distortion in the output signal occurs at the tran- 
sition of the clock frequency and lasts approximately three 
cutoff frequency (fe) cycles. As shown in Figure 12, if the 
control signal is low the LMF60-50 has a 100 kHz clock 
making fc = 2 kHz; when this signal goes high the clock 
frequency changes to 50 kHz yielding 1 kHz fc. 
The transient response of the LMF60 seen in Figure 13 is 
also dependent on the fe and thus the fClK applied to the 
filter. The LMF60 responds as a classical sixth order Butter- 
worth lowpass filter. 


component will be "reflected" 
about fClK/2 
into the fre- 


quency range belowfClK/2 
as in Figure 14b. If this compo- 


nent is within the passband of the filter and of large enough 
amplitude it can cause problems. Therefore if frequency 
components in the input signal exceed fClK/2 they must be 
attenuated before being applied to the LMF60 input. The 
necessary amount of attenuation will vary depending on 
system requirements. In critical applications the signal com- 
ponents above fClK/2 will have to be attenuated at leasl to 
the filler's residual noise level. An example circuit is shown 
in Figure 15 using one of the uncommitted Op-Amps avail- 
able in the LMF60. 


fiN - 
1.5 kHz (SCope Time Base ~ 2 ms/Div) 
FIGURE 12. LMF60-50 Abrupt Clock Frequency Change 


2.5 ALIASING CONSIDERATIONS 
Aliasing effects have to be taken into consideration when 
input signal frequencies exceed half the sampling rate. For 
the LMF60 this equals half the clock frequency (fClK). 
When the input signal contains a component at a frequency 
higher than half the clock frequency, as in Figure 14a,that 
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FIGURE 13. LMF60-50 Step Input Response, 


Vertical = 2V/Dlv., Horizontal = 
1 ms/Dlv., fClK = 100 kHz 
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(b) Output Signal Spectrum. Note that the Input signal at 
f./2 + f causes an output signal to appear at f./2 
- f. 


FIGURE 14. The phenomenon of allaalng In sampled-data systems. An Input signal whose frequency 
la greater than one-half the umpllng 
frequency will cauu 
an output to appear 
at I frequency lower than one-hllf 
the umpllng 
frequency. In the LMF60, f. = fCLK' 
• 


1 
fo = 2•• \JR,R2C,C2 


Ho = R./R3 
(Ho = 1 when R3 and R. are omitted and V02 is directly tied to INV2). 


Design Procedure: 
pick C, 


1 


R2 - 
2OC,"'<I 


for a 2nd Order ButtenNOrth Q = 0.707 


0.113 
R2 = C,fo"" 


make R, 
= R2 
and 


C2= 
1 
(2••foR,)2C, 


Note: The parallel combination 
of R. (if used), R, and R2 should be :> 10 kG in order not to load Op-Amp 
# 2. 


FIGURE 
15. second 
Order 
Butterworth 
Anti-Aliasing 
Filter Using Uncommitted 
Op-Amp 
# 2 


LMF90 
4th-Order Elliptic Notch Filter 


General Description 


The LMF90 
is a fourth-order 
elliptic 
notch (band-reject) 
filter 


based 
on switched-capacitor 
techniques. 
No external 
com- 


ponents 
are needed 
to define 
the 
response 
function. 
The 


depth 
of the notch 
is set using 
a two-level 
logic input, and 


the width is programmed 
using a three-level 
logic input. Two 


different 
notch 
depths 
and 
three 
different 
ratios 
of notch 


width to center 
frequency 
may be programmed 
by connect- 
ing these 
pins to V+, 
ground, 
or V-. 
Another 
three-level 


logic pin sets the ratio of clock 
frequency 
to notch frequen- 
cy. 


An internal 
crystal 
oscillator 
is provided. 
Used in conjunction 


with 
a low-cost 
color 
TV crystal 
and the internal 
clock 
fre- 


quency 
divider, 
a notch 
filter 
can 
be built with 
center 
fre- 


quency 
at 50 Hz, 60 Hz, 100 Hz, 120 Hz, 150 Hz, or 180 Hz 


for rejection 
of power line interference. 
Several 
LMF90s 
can 


be operated 
from a single crystal. 
An additional 
input is pro- 


vided 
for an externally-generated 
clock 
signal. 


Features 


• 
Center 
frequency 
set 
by 
external 
clock 
or 
on-board 


clock 
oscillator 


• 
No external 
components 
needed 
to set response 
char- 


acteristics 


• 
Notch 
width, 
attenuation, 
and 
clock-to-center-frequency 


ratio independently 
programmable 


• 
14 pin 0.3" 
wide 
package 


Key Specifications 


• 
fo Range 
0.1 Hz to 30 kHz 


• 
fa accuracy 
over full temperature 
range 
(max) 
1.5% 


• 
Supply 
voltage 
range 
±2V 
to 
±7.5V 
or 4V to 15V 


• 
Passband 
Ripple 
(typ) 
0.25 dB 


• 
Attenuation 
at fa (typ) 
39 dB or 48 dB (selectable) 


• 
fCLK: fa 
100:1,50:1, 
or 33.3:1 


• 
Notch 
Bandwidth 
(typ) 
0.127 
fa, 0.26 fa, or 0.55 fa 


• 
Output 
offset 
voltage 
(max) 
120 mV 


Applications 


• 
Automatic 
test equipment 


• 
Communications 
• 
Power 
line interference 
rejection 


Connection 
Diagram 


W 
14 
or 


R 
13 
GNO 


LD 
12 
YIN1 


XTAL2 
LW,90 
11 
YIN2 


XTAL1 
10 
0 


CLK 
9 
Your 


XLS 
8 
If 


Dual-ln-L1ne 
and Small 


Outline 
Packages 
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Top View 


Order 
Number 
LMF90CCN. 


LMF90CIWM. 


LMF90CCWM, 
LMF90CIJ. 


LMF90CCJ. 
LMF90CIN, 


LMF90CMJor 
LMF90CMJ/883 


See NS Package 
Number 


J14A, M14B or N14A ,. 


Absolute Maximum Ratings (Notes 1 & 3) 


If MIlitary/Aerospace 
specified 
devices 
are required, 
Soldering Information (Note 4) 
please 
contact 
the 
National 
Semiconductor 
Sales 
N Package (Soldering, 10 sec.) 
260'C 
Office/Distributors 
for availability and specifications. 
J Package (Soldering, 10 sec.) 
300'C 
SupplyYoltage(Vs 
= y+ 
- Y-) 
-0.3Yto 
+16Y 
Storage Temperature Range 
- 65'C to + 150'C 
Yoltage at any Input or Output 
Y- 
-0.3YtoY+ 
+0.3Y 
Junction Temperature 
150'C 
Input Current at any Pin (Note 10) 
5mA 
Operating Ratings (Notes 2 & 3) 
Package Input Current (Note 10) 
20mA 
Power Dissipation (Note 5) 
500mW 
Temperature Range 
TMINs: TA s: TMAX 


ESD Susceptability (Note 6) 
LMF90CCN, LMF90CCWM, 
LMF90CCJ 
O'C s: TA s: + 70'C 
Pin9 
1800Y 
LMF90CIJ, LMF90CIWM, LMF90CIN 
All Other Pins 
2000Y 
-40'C:5: 
TA s: +85'C 
LMF90CMJ,LMF90CMJ/883 
-55'C 
s: TA s: + 125'C 


SupplyYoltage Range 
4.0Y to 15.0Y 


AC Electrical Characteristics 
The following specifications apply for Y+ = + 5Y and Y- 
= - 5Y unless otherwise specified. BoldfaceUmlts 
apply for 
TA = TMIN to TMAXi all other limits TA = TJ = 25'C. 
, 


LMF90CCJ, LMF90CCN, 
LMF90CIJ, LMF90CIWM, 
LMF90CCWM 
LMF90CIN, LMF90CMJ 
Units 
Symbol 
Parameter 
Conditions 
Typ 
Tested 
Design 
Typ 
Tested 
Design 
(Limit) 
Limit 
Limit 
Limit 
Limit 


- 


(Note 7) 
(Note 8) 
(Note 9) 
(Note 7) 
(Note 8) 
(Note 9) 


fo 
Center Frequency 


, 


0.1 
0.1 
Hz (Min) 
Range 
I 
30 
30 
30 
kHz (Max) 


felK 
Clock Frequency 
, 
Pin6 
10 
10 
Hz (Min) 
Range 
Pin6 
1.5 
1.5 
1.5 
MHz (Max) 
Pins4 and 5 
4.0 
4.0 
4.0 
MHz (Max) 


fClK/f01 
Clock-to-Center- 
W=D=Y-,R=Y+, 
33.5 ±1% 
33.5 
± 1.5·4 
33.5 
± 1.5% 
(Max) 
FrequencyRatio 
fClK = 167 kHz 
fClK/f02 
W = 0 = R = GND, 
50.25 ±1% 
50.25 
± 1.5·4 
50.25 
±1.50,4 
(Max) 
fClK = 250 kHz 
fClK/f03 
W = Y+, 0 = GND, R = Y-, 
100.5 ±1% 
100.5 
±1.50,4 
100.5 
±1.S% 
(Max) 
fClK = 500 kHz 


HON 
PassbandGain 
DC and 20 kHz, W = 0 = Y-, R = Y+, 
0 
±0.2 
±0.2 
0 
±0.2 
dB (Max) 
fClK = 167 kHz 
W = 0 = R = GND, 
0 
±0.2 
±0.2 
0 
±0.2 
dB (Max) 
fClK = 250 kHz 
W = Y+,D 
= GND,R = Y-, 
0 
±0.2 
±0.2 
0 
±0.2 
dB (Max) 
fClK = 500 kHz 


AC Electrical Characteristics 
Thefollowingspecificationsapplyfor y+ = +5YandY- 
= - 5Yunlessotherwisespecified.Boldfacellmlta 
apply for 
T" = TIlIN to TIIAX; all other limitsTA = TJ = 25°C.(Continued) 


LMF90CCJ,LMF90CCN, 
LMF90CIJ,LMF90CIWM, 
LMF90CCWM 
LMF90CIN,LMF90CMJ 
Units 


Symbol 
Parameter 
Conditions 
Typ 
Tested 
Design 
Typ 
Tested 
Design 
(Limit) 


Limit 
Limit 
Limit 
Limit 
(Note 7) 
(Note 8) 
(Note 9) 
(Note 7) 
(Note 8) 
(Note 9) 


PBW 
Ratioof Passband W = 0 = Y-, R = Y+, 
0.1275 ± 0.0175 0.1275 
±0.0175 
0.1275 
±0.0175 
(Max) 
Width to Center 
fClK = 167kHz 
Frequency 
W = 0 = R = GND, 
0.265 ±0.025 
0.285 
± 0.025 
0.285 
± 0.025 
(Max) 
fClK = 250 kHz 
W = Y+,D = GND,R = Y-, 
0.550 ±0.05 
0.550 
±0.05 
0.550 
±0.05 
(Max) 
fClK = 500 kHz 


AMinl@fol Gainat 
W=D=Y-,R=Y+, 
-39 
-30 
-30 
-39 
-30 
dB (Max) 
CenterFrequency fClK = 167kHz 
Auin2@f02 
W = 0 = R = GND, 
-48 
-36.5 
-38.5 
-48 
-38.5 
dB (Max) 
fClK = 250 kHz 
AM!n3@f03 
W = y+ , 0 = GND,R = Y-, 
-48 
-36.5 
-38.5 
-48 
-38.5 
dB (Max) 
fClK = 500kHz 


AdditionalCenter 
W = GND,0 = Y-, R = Y+, 
-36 
-30 
-30 
-36 
-30 
dB (Max) 
FrequencyGain 
fClK = 167kHz 
Testsat fOl 
W=Y+,D=Y-,R=Y+, 
-36 
-30 
-30 
-36 
-30 
dB (Max) 
fClK = 167kHz 
- 
W = Y-,D 
= GND,R = Y+, 
fClK = 167kHz 
-42 
-30 
-30 
-42 
-30 
dB (Max) 


W = 0 = GND,R = Y+, 
-48 
-35 
-35 
-48 
-35 
dB (Mal<) 
fClK = 167kHz 
W = Y+,D = GND,R= Y+, 
-48 
-35 
-35 
-48 
-35 
dB (Max) 
fClK = 167kHz 


II 


LMF90 


AC Electrical Characteristics 
The following specifications apply for y+ 
= +5Y and Y- 
= - 5Y unless otherwise specified. Boldface 
limits 
apply for 
TA = TIlIN to TMAX; all other limits TA = TJ = 25°C. (Continued) 


LMF90CCJ, LMF90CCN, 
LMF90CIJ, LMF90CIWM, 


LMF90CCWM 
LMF90CIN, LMF90CMJ 
Units 
Symbol 
Parameter 
Conditions 
Typ 
Tested 
Design 
Typ 
Tested 
Design 
(Limit) 
Limit 
Limit 
Limit 
Limit 
(Note 7) 
(Note 8) 
(Note 9) 
(Note 7) 
(Note 8) 
(Note 9) 


Additional Center 
W = Y-, D = Y-. R = GND, 
-36 
-30 
-30 
-36 
-30 
dB (Max) 
FrequencyGain 
fCLK= 250 kHz 
Tests atf02 
W = GND, D = Y-, R = GND, 
-36 
-30 
-30 
-36 
-30 
dB (Max) 
fCLK= 250 kHz 
W = Y+, D = Y-, R = GND, 
-36 
-30 
-30 
-36 
-30 
dB (Max) 
tCLK= 250 kHz 
W = Y-, D = R = GND, 
-42 
-30 
. -30 
-42 
-30 
dB (Max) 
tCLK= 250 kHz 
W = Y+. D = R = GND, 
-48 
-35 
-35 
-48 
-35 
dB (Max) 
tCLK= 250 kHz 


Additional Center 
W=D=R=Y-, 
-36 
-30 
-30 
-36 
-30 
dB (Max) 
FrequencyGain 
tCLK= 500 kHz 


.....• 
Testsatt03 
W = GND.D = Y-,R 
= Y-. 


~ 
tCLK= 500 kHz 
-36 
-30 
-30 
-36 
-30 
dB (Max) 


W=Y+,D=Y-,R=Y-. 
-36 
-30 
-30 
-36 
-30 
dB (Max) 
tCLK= 500 kHz 
W = Y-. D = GND, R = Y-, 
-42 
-30 
-30 
-42 
-30 
dB (Max) 
tCLK= 500 kHz 
W = D = GND, R = Y-. 
-48 
-35 
-35 
-48 
-35 
dB (Max) 
tCLK= 500 kHz 


A3a 
Gain at t3 = 0.995 tOl 
W=D=Y-,R=Y+, 
-41 
-30 
-30 
-41 
-30 
dB (Max) 
A.4a 
Gain alf4 = 1.005 tOl 
tCLK= 167 kHz 
-41 
-30 
-30 
-41 
-30 
dB (Max) 


A3b 
Gain alf3 = 0.992 t02 
W = D = R = GND, tCLK= 250 kHz 
-40 
-35 
-35 
-40 
-35 
dB (Max) 
A.4b 
Gain alf4 = 1.008 t02 
-40 
-35 
-35 
-40 
-35 
dB (Max) 


A:Jc 
Gain alf3 = 0.982 t03 
W = Y+, D = GND, R = Y- 
-41 
-35 
-35 
-41 
-35 
dB (Max) 
Ate 
Gain alf4 = 1.018 t03 
tCLK= 500 kHz 
-41 
-35 
-35 
-41 
-35 
dB (Max) 
""-1 
PassbandRipple 
W=D=Y-,R=Y+, 
t5 = 0.914 tOl 
0.25 
0.9 
0.9 
0.25 
0.9 
dB (Max) 
tCLK= 167 kHz 
0.25 
0 
0 
0.25 
0 
dB (Min) 


t6 = 1.094 tOl 
0.25 
0.9 
0.9 
0.25 
0.9 
dB (Max) 
0.25 
0 
0 
0.25 
0 
dB (Min) 


[ 


AC Electrical Characteristics 
The following 
specifications 
apply for y+ 
= + 5Y and Y- 
= -5Y 
unless otherwise 
specified. Boldfacellmlb 
apply for 
TA = TMIN to TMAXI 
all other 
limits TA = TJ = 25°C. (Continued) 


LMF9OCCJ, 
LMF9OCCN, 
LMF9OCIJ, 
LMF9OCIWM, 


LMF90CCWM 
LMF9OCIN, 
LMF90CMJ 
Units 


Symbol 
Pa..-ter 
Conditions 
Typ 
Tested 
Design 
Typ 
Tested 
Design 
(Urnlt) 


Urnlt 
Urnlt 
Urnlt 
Urnlt 
(Note 
7) 
(Note 
8) 
(Note 
9) 
(Note 
7) 
(Note 
8) 
(Note 
9) 


Au.x2 
Passband 
Ripple 
W = D = R = GND. 
fs = 0.830 f02 
0.25 
0.9 
0.8 
0.26 
0.8 
dB (Max) 


fClK = 250 kHz 
0.25 
0 
0 
0.25 
0 
dB (Min) 


f6 = 1.205 f02 
0.25 
0.9 
0.9 
0.25 
0.8 
dB (Max) 


0.25 
0 
0 
0.25 
0 
dB (Min) 


Au.x3 
Passband 
Ripple 
W = Y+.D 
= GND,R 
= Y- 
fs = 0.700 f03 
0.25 
0.9 
0.8 
0.25 
0.8 
dB (Max) 


fClK = 500 kHz 
0.25 
0 
0 
0.25 
0 
dB (Min) 


f6 = 1.428 f03 
0.25 
0.9 
0.8 
0.25 
0.8 
dB (Max) 


0.25 
0 
0 
0.25 
0 
dB (Min) 


En 
Output Noise 
20 kHz Bandwidth 


W = D = Y-.R 
= Y+,fClK 
= 167kHz 
670 
670 
,.Yrms 


W = D = R = GND, fClK = 250 kHz 
370 
370 
,.Yrms 


W = Y+, 
D = GND. R = Y-, 


250 
250 
,.Yrms 
fClK = 500 kHz 


Clock Feedthrough 
50 
50 
mYp-p 


GBW 
Output Buffer 
1 
1 
MHz 
Gain Bandwidth 


SA 
Output Buffer 
3 
3 
Y/,.s 
Slew Rate 


Cl 
Maximum 
Capacitive 
200 
200 
pF 
Load 


II 


DC Electrical Characteristics 
The following specifications apply for y+ = + 5Y and Y- = - 5Y unless otherwise specified. Boldface LImits Apply t 


TA = TMIN to TMAX; all other limits TA = TJ = 25'C. 


LMF90CCJ, LMF9OCCN, 
LMF90CIJ, LMF9OCIWM, 


LMF90CCWM 
LMF90CIN, LMF90CMJ 


Symbol 
Parameter 
Conditions 
Typ 
Tested 
Design 
Typ 
Tested 
Design 
Limit 
Limit 
Limit 
Limit 
(Note 7) 
(Note 8) 
(Note 9) 
(Note 7) 
(Note 8) 
(Note 9) 


Is 
PowerSupply Current 
fCLK= 500 kHz, YIN1= YIN2= GND 
2.35 
5.0 
5.0 
2.35 
5.0 


Yos 
Output Offset Yoltage 
W = D = Y-, R = Y+, fCLK= 167 kHz 
±50 
±120 
±120 
±50 
±120 
W = D = R = GND,fCLK= 250 kHz 
±60 
±140 
± 140 
±60 
±140 
W = Y+, D = GND, R = Y-, 
±80 
±170 
±170 
±80 
±170 
fCLK= 500 kHz 


YOUT 
Output Yoltage Swing 
RL = 5 kfi 
+4.2, -4.7 
±4.0 
±4.0 
+4.2, -4.7 
±4.0 


YI1 
Logical "Low" 
Pins 1, 2, 3, 7, and 10 
-4.0 
-4.0 
-4.0 
Input Yoltage 


Vl2 
Logical "GND" 
Pins 1, 2, 3, 7, and 10 
+1.0 
+ 1.0 
+1.0 
Input Yoltage 
-1.0 
-1.0 
-1.0 


YI3 
Logical "High" 
Pins 1, 2, 3, and 7 
+4.0 
+4.0 
+4.0 
Input Yoltage 


IIN 
Input Current 
Pins 1, 2, 3, 7, and 10 
I 
±10 
±10 
±10 


YIL 
Logical "0" Input 
Pin 5, XLS = y+ 
-4.0 
-4.0 
-4.0 
Yoltage, Pins5 and 6 
or Pin 6, XLS = GND 


YIH 
Logical "1" Input 
+4.0 
+4.0 
+4.0 
Yoltage, Pins5 and 6 


YIL 
Logical "0" Input 
y+ 
- Y- = 10Y,XLS = Y- or 
+0.8 
+0.8 
+0.8 
Yoltage, Pin 6 
y+ = +5Y, Y- = OY,XLS = +2.5Y 


YIH 
Logical "1" Input 
+2.0 
+2.0 
+2.0 
Yoltage, Pin 6 


VOL 
Logical "0" Output 
XLS = Y+, IIOUTI= 4 mA 
-4.0 
-4.0 
-4.0 
Yoltage, Pin6 


YOH 
Logical "1" Output 
, 
.. 


+4.0 
+4.0 
+4.0 
Yoltage, Pin6 
, 


v 


Note 
1: Absolute 
Maximum 
Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating 
Ratings indicate 
conditions 
for whk:h the device 
is intended 
to be functional. 
These 
ratings do not guarantee 
specific 
performance 
limits. 


however. 
For guaranteed 
specifications 
and test conditions. 
see the Electrical 
Characteristk:s. 
The guaranteed 
specifications 
apply only for the test conditions 


listed. Some performance 
characteristics 
may degrade when the device is not operated 
under the listed test conditions. 


Note 3: All voltages 
are measured with respect to GND unless otherwise 
specified. 


Note 4: See AN450 "Surface 
Mounting 
Methods and Their Effect on Product Reliability" 
or the section titled "Surface 
Mount" 
found in any current Linear Data 


Book for other methods 
of soldering 
surface mount devices. 


Note 5: The maximum power dissipation must be derated at elevated temperatures 
and is dictated by TJMAX. E>JAand the ambient temperature. 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is Po = (TJMAX - 
TA>/E>JAor the number given in the Absolute 
Maximum Ratings, whichever 
is lower. For this 


device, TJMAX ~ lS0'C, 
and the typical thermal resistance 
(0JAl when board mounted is 61'C/W 
for the LMF90CCN and CIN, 134'C/W 
for the LMF90CCWM 
and 


CWIM and S9'C/W 
for the LMF90CCJ, 
CIJ and CMJ. 


Note 6: Human body model, 100 pF discharged 
through a 1.5 kO resistor. 


Note 7: Typicals are at TJ = 25°C and represent 
the most likely parametric 
norm. 


Note 8: Tested 
Limits are guaranteed 
and 100% tested. 


Note 9: Design Lim~s are guaranteed, 
but not 100% tested. 


Note 10: When the input voltage (V,,,> at any pin exceeds the power supplies (V,N < Y- 
or Y,N > Y+), 
the current at that pin should be limited to S mA. The 20 mA 
maximum 
package input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four . 
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Typical Performance 
Characteristics 


Notch Depth vs 
Notch Depth vs 
Notch Depth 
Clock Frequency 
Supply Voltage 
vs Temperature 
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Offset Voltage vs 


~s Power Supply Voltage 
vs Temperature 
Clock Frequency 


2.5 
3J) 


I 
180TA=25~ 
! 
TA=25'C 
! 
2Jl 


IV.= 
160 
Vs=t5V 
2.4 
'cue = 500 kHz 
[,I 
cue = 
z 
! 
I~ 
'''~ 
I 
I 
; 


W= 
,D=GNDI 
'.' 
2.6 


23 
III 
120 


2.4 
!:! 
100 
f- 
~ 
i 


0 
5 


22 
> 


~ 


80 
- 
iil 
22 
80 
if:D=R= 
.... 
- 
i 
i 


- 


2.1 
2.0 


== 


4D W=D=V"",R=v+ 


2.0 
1.8 
20 
- 
I 
2 
3 
4 
5 
5 
7 
8 
-55 
-35 -15 
5 
25 
45 
65 
85 
105 125 
10 
100 
1000 
1סס oo 


POWER SUPPLY VOlTAGE (tV) 
AMBIENT TEMPERATURE('C) 
a.OCK 
FREQUENCY(kHz) 


Offset Voltage vs 
Offset Voltage vs 
Passband Width vs 


Supply Voltage 
Temperature 
Clock Frequency 
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SUPPLY VOLTAGE (tv) 
AMBIENT TEMPERATURE('C) 
a.OCK 
FREQUENCY(kHZ) 


Passband Width vs 
Passband Width vs 
Stopband Width vs 


Supply Voltage 
Temperature 
Clock Frequency 
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SUPPlY VOlTAGE (tV) 
AMBENT TEMPERATURE('C) 
a.OCK 
F1lEQUENCY(kHz) 
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Pin Descriptions 
W (Pin 1) 
This three-level logic input sets the width of 
the notch. Notch width is fcrfc1 
(see Figure 
1). When W is tied to V+ (pin 14), GND (pin 
13), or V- 
(pin 8), the notch width is 0.55 fa, 
0.26 fa, or 0.127 fa, respectively. 


R (Pin2) 
This three-level logic input sets the ratio of 
the clock frequency (fCLK)to the center fre- 
quency (fa). When R is tied to V+, GND, or 
V-, 
the clock-to-center-frequency ratio is 
33.33:1, 50:1, or 100:1, respectively. 


lD (Pin 3) 
This three-level logic input sets the division 
factor of the clock frequency divider. When 
lD is tied to V+, GND, or V-, 
the division 
factor is 716, 596, or 2, respectively. 


XTAl2 (Pin 4) 
This is the output of the internal crystal os- 
cillator. When using the internal oscillator, 
the crystal should be tied between XTAl2 
and XTAl1. (The capacitors are internal- 
no external capacitors are needed for the 
oscillator to operate.) When not using the 
internal oscillator this pin should be left 
open. 


XTAl 1 (Pin 5) 
This is the crystal oscillator input. When us- 
ing the internal oscillator, the crystal should 
be tied between XTAl 1 and XTAl2. XTAL1 
can also be used as an input for an external 
clock signal swinging from V+ to V-. 
The 
frequency of the crystal or the external 
clock will be divided internally by the clock 
divider as determined by the programming 
voltage on pin 3. 
ClK (Pin 6) 
This is the filter clock pin. The clock signal 
appearing on this pin is the filter clock 
(fCLK).When using the internal crystal oscil- 
lator or an external clock signal applied to 
pin 5 while pin 7 is tied to V+, the ClK pin is 
the output of the divider and can be used to 
drive other lMF90s with its rail-to-rail output 
swing. When not using the internal crystal 
oscillator or an external clock on pin 5, the 
ClK pin can be used as a CMOS or TIl 
clock input provided that pin 7 is tied to 
GND or V-. 
For best performance, the duty 
cycle of a clock signal applied to this pin 
should be near 50%, especially at higher 
clock frequencies. 
XlS (Pin 7) 
This is a three-level logic pin. When XlS is 
tied to V+, the crystal oscillator and fre- 
quency divider are enabled and ClK (pin 6) 
is an output. When XlS is tied to GND (pin 
13), the crystal oscillator and frequency di- 
vider are disabled and pin 6 is an infut for a 
clock swinging between V- 
and V 
. When 
XlS is tied to V-, the crystal oscillator and 
frequency divider are disabled and pin 6 is a 
TIl 
level clock input for a clock signal 
swinging between GND and V+ or between 
V- 
and GND. 


This is the negative power supply pin. It 
should be bypassed with at least a 0.1 /LF 
capacitor. 
For 
single-supply 
operation, 


connect this pin to sy~tem ground. 
This is the filter output. 
This two-level logic input is used to set the 
depth of the notch (the attenuation at fa). 
When 0 is tied to GND or V-, 
the typical 
notch depth is 48 dB or 39 dB, respective- 
ly. Note, however, that the notch depth is 
also dependent on the width setting (pin 
1). See the Electrical Characteristics for 
tested limits. 
This is the input to the difference amplifier 
section of the notch filter. 
This is the input to the internal bandpass 
filter. This pin is normally connected to pin 
11. For wide bandwidth applications, an 
anti-aliasing filter can be inserted between 
pin 11 and pin 12. 


This is the analog ground reference for the 
lMF90. 
In split supply applications, GND 
should 
be 
connected 
to 
the 
system 
ground. When operating the lMF90 from a 
single positive power supply voltage, pin 
13 should be connected to a "clean" refer- 
ence voltage midway between V+ 
and 
V-. 


This is the positive power supply pin. It 
should be bypassed with at least a 0.1 /LF 
capacitor. 


VOUT(Pin9) 
o (Pin 10) 


1.0 Definition of Terms 
Amax: the maximum amount of gain variation within the fil- 
ter's passband (See Figure 
1). For the lMF90, 
AMax is 
nominally equal to 0.25 dB. 


Ami": the minimum attenuation within the notch's stopband. 
(See Figure 
1). This parameter is adjusted by programming 
voltage applied to pin 10 (D). 


Bandwidth (BW) or Passband Width: the difference in fre- 
quency between the notch filter's two cutoff frequencies. 


Cutoff 
Frequency: for a notch filter, one of the two fre- 
quencies, fC1 and fC2 that define the edges of the pass- 
band. At these two frequencies, the filter has a gain equal to 
the passband gain. 


felK: the frequency of the clock signal that appears at the 
ClK pin. This frequency determines the filter's center fre- 
quency. Depending on the programming voltage on pin 2 
(R), fCLKwill be either 33.33, 50, or 100 times the center 
frequency of the notch. 


fo or fNotch: the center frequency of the notch filter. This 
frequency is measured by finding the two frequencies for 
which the gain -3 
dB relative to the passband gain, and 
calculating their geometrical mean. 


Passband: for a notch filter, frequencies above the upper 
cutoff frequency (fC2in Figure 
1) and below the lower cutoff 
frequency (fC1in Figure 
1). 


1.0 Definition of Terms 
(Continued) 


Passband 
Gain: the notch filter's gain for signal frequen- 
cies near dc or fCLK/2. The passband gain of a notch filter is 
also called "HON'" 
For the LMF90, the passband gain is 


nominally 0 dB. 


Passband 
Ripple: 
the variation in gain within the filter's 


passband. 


Stopband: 
for a notch filter, the range of frequencies for 


which the attenuation is at least Amin (f51 to f52) in Figure 
1). 


Stop 
Frequency: 
one of the two frequencies (f51 and f52) 


at the edges of the notch's stopband. 


Stopband 
Width 
(SBW): the difference in frequency be- 


tween the two stopband edges (f52-f51)' 


IC1 
IS1 
10 
IS2 
IC2 
frequency 


TliH/10354-5 
FIGURE 
1. General 
Form of Notch 
Response 


2.0 Applications 
Information 


2.1 FUNCTIONAL 
DESCRIPTION 
The LMF90 uses switched-capacitor techniques to realize a 
fourth-order elliptic notch transfer function with 0.25 dB 
passband ripple. No external components other than supply 
bypass capacitors and a clock (or crystal) are required. 
As is evident from the block diagram, the analog signal path 
consists of a fourth-order bandpass filter and a summing 
amplifier. The analog input signal is applied to the input of 
the bandpass filter, and to one of the summing amplifier 
inputs. The bandpass filter's output drives the other sum- 
ming amplifier input. The output of the summing amplifier is 
the difference between the input signal and the bandpass 
output, and has a notch filter characteristic. Notch width and 
depth are controlled by the dc programming voltages ap- 
plied to two pins (1 and 10), and the center frequency is 
proportional to the clock frequency, which may be generat- 
ed externally or internally with the aid of an external crystal. 
The c1ock-to-center-frequency ratio can be one of three dif- 
ferent values, and is selected by the voltage on a three-level 
logic input (pin 2). 


The clock signal passes through a digital frequency divider 
circuit that can divide the clock frequency by any of three 
different factors before it reaches the filters. This divider can 
also be disabled, if desired. Pin 7 enables and disables the 
frequency divider and also configures the clock inputs for 
operation with an external CMOS or TIL clock or with the 
internal oscillator circuit. 


9 
8 


Vour 
V- 


• 


2.0 Applications 
Information 
(Continued) 


2.2 PROGRAMMING PINS 


The lMF90 has five control pins that are used to program 
the filter's characteristics via a three-level logic scheme. In 
dual-supply applications, these inputs are tied to either V + , 
V-, or GND in order to select a particular set of characteris- 
tics. For example, the W input (pin 1) sets the filter's pass- 
band width to 0.55 fa, 0.26 fa or 0.127 fa when the W input is 
connected to V+, GND, or V-, 
respectively. Applying V- 


and GND to the D input (pin 10) will set the notch depth to 
40 dB or 30 dB, respectively. 
The R input (pin 2) is another three-level logic input, and it 
sets the clock-to-center-frequency ratio to 33.33:1, 50:1, or 
100:1 for input voltages equal to V+, GND, or V-, 
respec- 
tively. Note that the clock frequency referred to here is the 
frequency at the ClK pin and at the frequency divider output 
(if used). This is different from the frequency at the divider's 
input. lD (pin 3) sets the frequency divider's division factor 
to either 716,596, or 2 for input voltages equal to V+, GND, 
or V-, 
respectively. XlS (pin 7) enables and disables the 
crystal oscillator and clock divider. When XlS is connected 
to the positive supply, the oscillator and divider are enabled, 
and ClK is the output of the divider and can drive the clock 
inputs of other lMF90s. When XlS is connected to GND, 
the oscillator and divider are disabled, and the ClK pin be- 
comes a clock input for CMOS-level signals. Connecting 
XlS to the negative supply disables the oscillator and divid- 
er and causes ClK to operate as a TIl-level 
clock input. 


Using an external 3.579545 MHz color television crystal with 
the internal oscillator and divider, it is possible to build a 
power line frequency notch for 50 Hz or 60 Hz line frequen- 
cies or their second and third harmonics using the lMF90. A 
60 Hz notch is shown in the Typical Application circuit on 
the first page of this data sheet. Connecting lD 
to V+ 
changes the notch frequency to 50 Hz. Changing the clock- 
to-center-frequency ratio to 50:1 results in a second-har- 
monic notch, and a 33:1 ratio causes the lMF90 to notch 
the third harmonic. 


Table I illustrates 18 different combinations of filter band- 
width, depth, and clock-to-center-frequency ratio obtained 
by choosing the appropriate W, D, and R programming volt- 
ages. 


2.3 DIGITAL INPUTS AND OUTPUTS 


As mentioned above, the ClK pin can serve as either an 
input or an output, depending on the programming voltage 
on XlS. When ClK is operating as a TIl 
input, it will oper- 
ate properly in both dual-supply and single-supply applica- 
tions, because it has two logic thresholds-<>ne referred to 
V-, and one referred to GND. When operating as an output, 
ClK swings rail-to-rail (CMOS logic levels). 
XTAl 1 and XTAl2 
are the input and output pins for the 
internal crystal oscillator. When using the internal oscillator 
(XlS connected to V+), the crystal is connected between 
these two pins. When the internal oscillator is not used, 
XTAl2 should be left open. XTAl1 can be used as an input 
for an external CMOS-level clock signal swinging from V- 
to V+. The frequency of the crystal or the external clock 
applied to XTAl1 will be divided by the internal frequency 
divider as determined by programming voltage on the lD 
pin. 


2.4 SAMPLED·DATA SYSTEM CONSIDERATIONS 
OUTPUT STEPS 
Because the lMF90 uses switched-capacitor techniques, its 
performance differs in several ways from non-sampled (con- 
tinuous) circuits. The analog signal at the input to the inter- 
nal bandpass filter (pin 12) is sampled during each clock 
cycle, and, since the output voltage can change only once 
every clock cycle, the result is a discontinuous output signal. 
The bandpass output takes the form of a series of voltage 
"steps", as shown in Figure 3. The steps are smaller when 
the clock frequency is much greater than the signal frequen- 
cy. 
SWitched-capacitortechniques are used to set the summing 
amplifier's gain. Its input and feedback "resistors" are actu- 
ally made from switches and capacitors. Two sets of these 
"resistors" 
are alternated during each clock cycle. Each 
time these gain-setting components are switched, there will 
be no feedback connected to the op amp for a short period 
of time (about 50 ns). This generates very low-amplitude 
output signals at fCLK + fiN, fCLK - 
fiN, 2 fCLK + fiN, etc. 


The amplitude of each of these intermodulation compo- 
nents will typically be at least 70 dB below the input signal 
amplitude and well beyond the spectrum of interest. 


TABLE I. Operation of LMF90 Programming Pins. Values given are for nominal levels of attenuation. 


R 
V- (fCLK/fo = 100) 
GND (fCLK/fo = 50) 
V+ (fCLK/fo = 33.33) 


D 
W 
Amln 
BW/fo 
SBW/fo 
Amln 
BW/fo 
SBW/fo 
Amln 
BW/fo 
SBW/fo 
(dB) 
(dB) 
(dB) 


V- 
-30 
0.12 
0.019 
-30 
0.12 
0.019 
-30 
0.12 
0.019 
V- 
GND 
-30 
0.26 
0.040 
-30 
0.26 
0.040 
-30 
0.26 
0.040 
V+ 
-30 
0.55 
0.082 
-30 
0.55 
0.082 
-30 
0.55 
0.082 
V- 
-35 
0.12 
0.010 
-35 
0.12 
0.010 
-35 
0.12 
0.010 
GND 
GND 
-40 
0.26 
0.024 
-40 
0.26 
0.024 
-40 
0.26 
0.024 
V+ 
-40 
0.55 
0.050 
-40 
0.55 
0.050 
-40 
0.55 
0.050 


2.0 Applications 
Information 
(Continued) 


ALIASING 
Another important characteristic of sampled-data systems is 
their effect on signals at frequencies greater than one-half 
the sampling frequency. (The lMF90's sampling frequency 
is the same as the filter's clock frequency. This is the fre- 
quency at the ClK pin). If a signal with a frequency greater 
than one-half the sampling frequency is applied to the input 
of a sampled-data system, it will be "reflected" to a frequen- 
cy less than one-half the sampling frequency. Thus, an input 
signal whose frequency is f5/2 + 10 Hz will cause the sys- 
tem to respond as though the input frequency was f5/2 - 
10 Hz. This phenomenon is known as "aliasing". Aliasing 
can be reduced or eliminated by limiting the input signal 
spectrum to less than f5/2. 
In some cases, it may be necessary to use a bandwidth 
limiting filter (often a simple passive RC low-pass) ahead of 
the bandpass input. Although the summing amplifier uses 
switched-capacitor techniques, it does not exhibit aliasing 
behavior, and the anti-aliasing filter need not be in its input 
signal path. The filter can be placed ahead of pin 12 as 
shown in Figure 
4, with the non-band limited input signal 


applied to pin 11. The output spectrum will therefore be 
wideband, although limited by the bandwidth of the sum- 
ming amplifier's output buffer amplifier (typically 1 MHz), 
even if fCLKis less than 1 MHz. Phase shift in the anti-alias- 
ing filter will affect the accuracy of the notch transfer func- 


tion, however, so it is best to use the highest available 
clock-to-center-frequency ratio (100:1) and set the RC filter 
cutoff frequency to about 15 to 20 times the notch frequen- 
cy. This will provide reasonable attenuation of high-frequen- 
cy input signals, while avoiding degradation of the overall 
notch response. If the anti-aliasing filter's cutoff frequency is 
too low, it will introduce phase shift and gain errors large 
enough to shift the frequency of the notch and reduce its 
depth. A cutoff frequency that is too high may not provide 
sufficient attenuation of unwanted high-frequency signals. 
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FIGURE 3. Output waveform of a swltched-capacltor 
filter. Note the voltage steps caused by sampling 
at the clock frequency. 


TL/H/103S4-8 
FIGURE 4. Using a simple passive low-pass filter to prevent aliasing In the presence of high-frequency 
Input signals • • 


OUlpUlS. 
I nere IS a ranaom, 
mermal 
nUI:,it::l 
l,;Urll~Uflt::lln 
whose 
level 
is typically 
on the order 
of hundreds 
of micro- 


volts. 
The 
other 
kind of noise 
is digital 
clock 
feedthrough. 
This will have an amplitude 
in the vicinity 
of 50 mV peak-to- 


peak. 
In some applications, 
the clock 
noise frequency 
is so 


high compared 
to the signal frequency 
that it is unimportant. 


In other 
cases, 
clock 
noise 
may have to be removed 
from 


the output 
signal with, for example, 
a passive 
low-pass 
filter 


at the LMF90's 
output 
pin. 


CLOCK 
FREQUENCY 
LIMITATIONS 


The performance 
characteristics 
of a switched-capacitor 
fil- 


ter depend 
on the switching 
(clock) 
frequency. 
At very low 


clock 
frequencies 
(below 
10Hz), 
the time 
between 
clock 
cycles 
is relatively 
long, and small parasitic 
leakage 
currents 


cause 
the internal 
capacitors 
to discharge 
sufficiently 
to af- 


fect the filter's 
offset 
voltage 
and gain. This effect 
becomes 
more pronounced 
at elevated 
operating 
temperatures. 


At higher clock 
frequencies, 
performance 
deviations 
are pri- 
marily due to the reduced 
time available 
for the internal 
op- 


erational 
amplifiers 
to 
settle. 
Best 
performance 
with 
high 


clock 
frequencies 
will 
be obtained 
when 
the 
filter 
clock's 


duty cycle 
is 50%. 
The clock 
frequency 
divider, 
when 
used, 
provides 
a 50% 
duty cycle 
clock 
to the filter, 
but when 
an 


external 
clock 
is applied 
to GLK, it should 
have a duty cycle 


close 
to 50% 
for best performance. 


Input Impedance 


The input 
to the 
bandpass 
section 
of the 
LMF90 
(VIN1) is 


similar 
to the switched-capacitor 
circuit 
shown 
in Figure 5. 
During 
the first half of a clock 
cycle, 
the 91 switch 
closes, 
charging 
GIN to the 
input 
voltage 
VIN. During 
the 
second 


half-cycle, 
the 
92 switch 
closes, 
and the charge 
on GIN is 
transferred 
to the feedback 
capacitor. 
At frequencies 
well 


below 
the 
clock 
frequency, 
the 
input 
impedance 
approxi- 


mates 
a resistor 
whose 
value 
is 


1 
RIN=---· 


GINfCLK 


At the bandpass 
filter 
input, GIN is nominally 
3.0 pF. For a 


worst-case 
calculation 
of 
effective 
RIN. 
assume 
GIN 


3.0 pF and fCLK = 
1.5 MHz. Thus, 


. 
1 
RIN (Mln) 
= 4.5 x 10-6 
= 222 kll. 


the 
input 
impedance 
will 
be greater 
than 
or equal 
to this 


value. 
Source 
impedance 
should 
be low enough 
that 
this 


input impedance 
doesn't 
significantly 
affect 
gain. 


The summing 
amplifier 
input impedance 
at VIN2 is calculat- 


ed in a similar manner, 
except 
that GIN = 5.0 pF. This yields 


a minimum 
input impedance 
of 133 kll 
at VIN2. When 
both 
inputs 
are connected 
together, 
the combined 
input 
imped- 


ance will be 83.3 kll 
with a 1.5 MHz filter clock. 
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FIGURE 
5. Simplified 
LMF90 bandpass 
section 
Input 
stage. 
At frequencies 
well below 
the center 
frequency, 


the Input Impedance 
appears 
to be resistive. 


2.5 POWER 
SUPPLY 
AND CLOCK 
OPTIONS 


The LMF90 
is designed 
to operate 
from either single or dual 


power 
supply 
voltages 
from 
5V to 15V. In either 
case, 
the 


supply 
pins should 
be well-bypassed 
to minimize 
any feed- 


through 
of power 
supply 
noise 
into the filter's 
signal 
path. 


Such feedthrough 
can significantly 
reduce 
the depth 
of the 


notch. 
For operation 
from dual supply voltages, 
connect 
V- 


(pin 8) to the negative 
supply. 
GND 
(pin 13) to the system 


ground, 
and V+ 
to the positive 
supply. 


For single 
supply 
operation, 
simply 
connect 
V- 
to system 


ground 
and GND (Pin 13) to a "clean" 
reference 
voltage 
at 


mid-supply. 
This reference 
voltage 
can be developed 
with a 


pair 
of resistors 
and 
a capacitor 
as shown 
in Figures 10 


through 
16. Note that for single 
supply operation, 
the three- 


level 
logic 
inputs 
should 
be connected 
to system 
ground 


and V+ /2 instead 
of V- 
and GND. The GLK input will oper- 


ate properly 
with TIL-Ievel 
clock signals 
when the LMF90 
is 


powered 
from 
either 
single 
or dual supplies 
because 
it has 


two 
TIL 
thresholds. 
one 
referred 
to the 
V- 
pin and 
one 


referred 
to the GND 
pin. XLS should 
be connected 
to the 


V- 
pin 
when 
an 
external 
TIL 
clock 
is used. 
Figures 6 


through 
16 illustrate 
a wide 
variety 
of 
power 
supply 
and 


clock 
options. 
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DUAL-SUPPLY 
CLOCK 
OPTIONS 


+5V 
V1N 
Your 
-5V 


To" 
or GND. 


See Tabl. 
1. 
:r:.O.l}'F 
- 
14 
- 
13 
12 
11 
10 
9 
8 


v+ 
GND 
V1N1 
V1N2 
0 
Vour 
•• 


To v+ ••• 
, Of' GND. 


5•• Tabl. 
1. 


'ClJ( 
'O=-R- 


R= 33.3. 50. or 100. 
S•• Tabl. 1. 


Ext.rnal Clock In 
r-1 r-1 rI 
+5V 


....J 
LJ 
LJ 
L -5V 


'elK 


Vour 
-5V 


To" 
or GND. 


5•• Tabl. 
1. 
:r:.O.l}'F 


11 
10 
9 
8 
- 


VIN2 
0 
VOUT 
•• 


To V+•••• 
or GND. 


5•• Table 1. 


'CLK 
'O=-R- 


R= 33.3. 50, or 100. 
5•• Tabl. 1. 


Ext.rnal Clock In 
r-1 r-1 r-1 +5V 
....J 
LJ 
LJ 
L OV 


'CLK 
• 
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DUAL-SUPPLY CLOCK OPTIONS 


IX 
1 
IO=IOX1f 


R= 33.3, 50, or 100. 
See Table 
1. 


LD=2,596,or 
716. 


See Pin Description. 


To v+, V-, or GND. 


S•• 
Table 
1. 


To v+,V-, or GND. 
s•• Pin Description. 
External 
Clock In 


r-1 r-1 r-1 
+5V 
...J 
L.J 
L...J 
L -5V 


IX 


FIGURE 8. Dual Supply; external CMOS-level clock. Internal frequency divider enabled. 


Output of logic divider available on pin 6. 


ICRYS 
, 
10=Li)x1f 


R = 33.3, 50, or 100. 
S•• 
Table 
1. 


LD=2,596,or 
716. 


See Pin Description. 


To v+, V-, or GND. 
S•• 
Table 
1. 


To v+, V-, or GND. 
S•• 
Pin Description. 


FIGURE 9. Dual8upply; Internal cry8tal clock 08clllator. 


Internal frequency divider enabled. Output of logic divider available on pin 6. 
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SINGLE-SUPPLY CLOCK OPTIONS 


0.11'F 


To ..r ..•. 
or GHO. 
Se. 
Tablo 
1. 


IClK 
10=-R- 


R= 33.3. 50. or 100. 
S•• 
Tabl. 
1. 


Ext.mal 
Clock In 
r-1 r-1 r-1 +5V 
...J 
L.J 
L.J 
L 
OV 


ICLK 


FIGURE 10. Single +5V supply; external TTL·level clock. Internal frequency divider disabled. 


O.t I'F 


To ..r ..•. 
or GHO. 
S•• 
Tablo 
1. 


VOUT 


To •• 
or GHO. 


S•• 
Tabl. 
1. 


1t 
10 
9 
8 
- 


VIN2 
0 
VOUT 
•• 


XTAL2 


4 


XTALI 
5 


XTAU 
5 


To ..r..•. 
or GHO. 
S•• 
Pin Description. 


IX 
1 
10 =LD x"R 


R= 33.3. 50. or 100. 
S•• 
Tabl. 
1. 


lO = 2. 596. or 716. 
S.. 
Pin Description. 


Ext.mal 
Clock In 
r-1 r-1 r'1 
+5V 
...J 
L.J 
L.J 
L ov 


Ix 


FIGURE 11. Single +5V supply; external CMOS-level clock. 
Internal frequency divider enabled. Output of logic divider available on pin 6. 
• 
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SINGLE-SUPPLY CLOCK OPTIONS 


+10V 
V1N 
VOUT 
10k 
To'Y 
or GND. 
.I.0•1Io'F 
S•• 
Table 
1. 


- 
14 
13 
- 
12 
11 
10 
9 
8 
- 


v+ 
GND 
VIN1 
V1N2 
0 
VOUT 
'Y 


To v+, 'Y, or GND. 
S•• 
Table 
1. 


fCLK 
fO=-R- 


R= 33.3, 50, or 100. 
S•• 
Table 1. 


Extemal 
Clock In 


r-1 r-1 r-1 
+5V 
...J 
L..J 
L..J L..OV 


fCLK 


FIGURE 12. Single + 10V supply; external TTL-Ievel clock. Internal frequency divider disabled. 


O.IIo'F 


To v+,'Y.or 
GND. 


S•• 
Table 
1. 


fClK 


fO=-R- 


R= 33.3. 50. or 100. 
S•• 
Table 1. 


External 
Clock In 


r-1 r-1 rI 
+10V 
...J 
L..J 
L..J L..OV 


fCLK 
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FIGURE 13. Single + 10V supply; external CMOS-level clock. Internal frequency divider disabled. 
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SINGLE-SUPPLY CLOCK OPTIONS 


0.1 p.F 


To YO •••• 
or GHO. 
See Table 
1. 


To YO. ".or 
GHO. 


See Pin Description. 


IX 
1 
IO=LQx"R 


R = 33.3. 50. or 100. 
SH 
Table 
1. 


LO=2.596.or 
716. 


See Pin Description. 


Extemal 
Clock In 
rI rI rI +10V 
...J 
L.J L.J L 
OV 


IX 


FIGURE 14. Single + 10V supply; external CMOS-level clock. 
Internal frequency divider enabled. Output of logic divider available on pin 6. 


0.1 p.F 


+5V or +10V 
VIN 
VOUT 
10k 
To •• 
or GHO. 


IO.1 
p.F 
See Table 
1. 


- 
14 
13 
- 
12 
11 
10 
9 
8 
- 


yo 
GHO 
VIN1 
VIN2 
0 
Vour 
•• 


ICRYS 
1 
LMF90 
lo=~x"R 


R = 33.3. 50, or 100. 
S•• 
Table 
1. 


LO= 2. 596. or 716. 
See Pin Description . 


LO 
XTAl2 
XTAL1 
ClK 
XLS 
• 


3 
4 
5 
6 
7 


To yo •••• 
or GHO. 
To YO. ".or 
GHO. 
+5V or +10V 


See Table 
1. 
See Pin Description. 


TUH/10354-19 
FIGURE 15. Single + 5V or + 10V supply; Internal crystal clock oscillator. 
Internal frequency divider enabled. 
Output of logic divider available on pin 6. 


tJ1National 
Semiconductor 


LMF100 High Performance 
Dual Switched Capacitor Filter 


General Description 
The LMF100 consists of two independent general purpose 
high performance switched capacitor filters. With an exter- 
nal clock and 2 to 4 resistors, various second-order and 
first-order filtering functions can be realized by each filter 
block. Each block has 3 outputs. One output can be config- 
ured to perform either an allpass, highpass, or notch func- 
tion. The other two outputs perform bandpass and lowpass 
functions. The center frequency of each filter stage is tuned 
by using an external clock or a combination of a clock and 
resistor ratio. Up to a 4th-order biquadratic function can be 
realized with a single LMF100. Higher order filters are imple- 
mented by simply cascading additional packages, and all 
the classical filters (such as Butterworth, Bessel, Elliptic, 
and Chebyshev) can be realized. 
The LMF100 is fabricated on National Semiconductor's 
high performance 
analog silicon gate CMOS process, 
LMCMOSTM.This allows for the production of a very low 


offset, high frequency filter building block. The LMF100 is 
pin-compatible with the industry standard MF10, but pro- 
vides greatly improved performance. 


Features 
• 
Wide 4V to 15V power supply range 
• 
Operation up to 100 kHz 
• 
Low offset voltage 
(50:1 or 100:1 mode) 
typically 


Vos1 = ±5 mV 


Vos2 = ±15 mV 
Vos3 = ±15 mV 


• 
Low crosstalk -60 
dB 
• 
Clock to center frequency ratio accuracy ± 0.2% typical 


• 
fo x a range up to 1.8 MHz 
• 
Pin-compatible with MF10 


39 k.Q 
• 
47 k.Q 
24.9 k.Q 


51k.Q 
l00k.Q 
51k.Q 


Input 


LWFlOO 
Output 


+5V 
-5V 


+5V 


LPA 
1 
20 
LPs 


SPA 
2 
19 
SPs 


N/ M'/HPA 
3 
lS 
N/AP/HPs 


INVA 
4 
17 
INVs 


SIA 
5 
16 
Sls 


SA/8 
6 
15 
AGND 


VA+ 
7 
14 
VA- 


Vo+ 
8 
13 
Vo- 


LSh 
9 
12 
50/1DO 


CLKA 
10 
11 
elKs 
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III 


Frequency (Hz) 


TLiH/5B45-3 


Order Number LMF100AE/883 or 5962-9153301M2A. 


LMF100AJ. LMF100AJ/883 or 5962-9153301MRA, 


LMF100cIJ. LMF100ACN, LMF100cCN. LMF100cIN or 


LMF100cIWM 
See NS Package Number J20A, N20A or M20B • 


Io'lvaov 
"VinCI"" 
'"V 
nallUIiCiI 
~"IIII"'UI1UU"'lgr 
~c:lle5 
Office/Distributors 
for 
availability 
and 
specifications. 
(Note 
14) 


Supply Voltage 
(V+ 
- 
V-) 


Voltage 
at Any Pin 


Input Current 
at Any Pin (Note 2) 


Package 
Input Current 
(Note 2) 


Power Dissipation 
(Note 3) 


Storage 
Temperature 


ESD Susceptability 
(Note 11) 


16V 


V+ 
+ 0.3V 


V- 
- 
0.3V 


SmA 


20mA 


SOOmW 


1SO"C 


2000V 


SO Package: 
Vapor Phase (60 sec.) 
21S'C 
Infrared 
(1S sec.) 
220'C 


See AN-4S0 
"Surface 
Mounting 
Methods 
and Their 
Effect 
on Product 
Reliability" 
(Appendix 
D) for other 
methods 
of 
soldering 
surface 
mount 
devices. 


Operating 
Ratings 
(Note 1) 


Temperature 
Range 
TMIN :s;TA :s;TMAX 


LMF100ACN, 
LMF100CCN 
O'C:S; TA:S; +70'C 


LMF100CIJ, 
LMF1OOCIN, 
LMF100CIWM 


LMF100AJ, 
MF100AJ/883, 


LMF100AE/883 


Supply Voltage 


-SS'C:S; 
TA:S; +12S'C 


4V :s;V+ 
- 
V- 
:s; 1SV 
Electrical Characteristics 
The following 
specifications 
apply for Mode 
1, Q = 
10 (R1 = R3 = 
100k, R2 = 
10k), V+ 
+SV 
and V- 
= 
-SV 
unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
T MIN to TMAX; all other 
limits TA = TJ = 2S'C. 


LMF100ACN, 
LMF100AJ, 
LMF100CIN, 
LMF100CCN 
LMF100CIWM, 
LMF100CIJ 


Symbol 
Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 
Typical 
Limit 
Limit 
Typical 
Limit 
Limit 
(Note 8) (Note 9) (Note 
10) (Note 8) (Note 9) (Note 
10) 


I. 
Maximum Supply Current 
fCLK = 250 kHz 
9 
13 
13 
9 
13 
mA 
No Input Signal 


fo 
Center Frequency 
MIN 
0.1 
0.1 
Hz 
Range 
- 
MAX 
100 
100 
kHz 


fCLK 
Clock Frequency 
MIN 
- . 
S.O 
S.O 
Hz 
Range 
- 
MAX 
3.5 
3.5 
MHz 


fCLK/fo 
Clock to Center 
VPin12 = 5V 
LMF100A 
±0.2 
±0.6 
±O.6 
±0.2 
±O.8 
% 
Frequency 
Ratio Deviation 
orOV 
fCLK = 1 MHz 
LMF100C 
±O.8 
±0.2 
±0.8 
±0.2 
±O.8 
% 


r 


aQ 
Q Error (MAX) 
Q = 10, Mode 1 
LMF100A 
Q 
(Note 4) 
VPin12 = 5V 
±0.5 
±4 
±5 
±0.5 
±5 
% 


orOV 
LMF100C 
fCLK = 1 MHz 
±0.5 
±5 
±6 
±0.5 
±6 
% 


Hosp 
Bandpass Gain at fo 
fCLK = 1 MHz 
0 
±0.4 
±O.4 
0 
±O.4 
dB 


HOLP 
DC Lowpass Gain 
R1 = R2 = 10k 
0 
±0.2 
±O.2 
0 
±O.2 
dB 
fCLK = 250 kHz 


VOS1 
DC Offset Voltage (Note 5) 
fCLK = 250 kHz 
±5.0 
±15 
±15 
±5.0 
±15 
mV 


VOS2 
DC Offset Voltage (Note 5) 
fCLK = 250 kHz 
SAIB = V+ 
±30 
±80 
±80 
±30 
±80 
mV 


SAIB = V- 
±15 
±70 
±70 
±15 
±70 
mV 


VOS3 
DC Offset Voltage (Note 5) 
fCLK = 250 kHz 
±15 
±40 
±60 
±15 
±60 
mV 


Crosstalk 
(Note 6) 
A Side to B Side or 
-60 
-60 
dB 
B Side to A Side 


Output Noise (Note 12) 
fCLK = 250 kHz 
N 
40 
40 
20 kHz Bandwidth 
BP 
320 
320 
,...V 
100:1 Mode 
LP 
300 
300 


Clock Feedthrough 
(Note 13) 
fCLK = 250 kHz 100:1 Mode 
6 
6 
mV 


VOUT 
Minimum Output 
RL = 5k 
+4.0 
±3.8 
±3.7 
+4.0 
±3.7 
V 
Voltage SWing 
(All Outputs) 
-4.7 
-4.7 


RL = 3.5k 
+3.9 
+3.9 
V 
(All Outputs) 
-4.6 
-4.6 


GBW 
Op Amp Gain BW Product 
5 
5 
MHz 


SR 
Op Amp Slew Rate 
20 
20 
V/,...s 


LMF100CCN 
LMF100CIWM, 
LMF100CIJ 


Symbol 
Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 
Typical 
limit 
Limit 
Typical 
Limit 
Limit 
(Note 8) (Note 9) (Note 
10) (Note 8) (Note 9) 
(Note 
10) 


tsc 
Maximum Output ShO~~ 
(All Outputs) 
12 
12 
mA 
Circuit Current (Note 7) Sink 
45 
45 
mA 


IIN 
Input Current on Pins: 4, 5, 
10 
10 
".A 
6,9,10,11,12,16,17 


Electrical Characteristics 
The following 
specifications 
apply for Mode 
1, 0 
= 
10 (Al 
= A3 = 
lOOk, A2 = 
10k), V+ 
= 
+2.S0V 
and V- 
= 
-2.S0V 
unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
T MIN to TMAX; all other 
limits TA = 
TJ = 
2SoC. 


LMF100ACN, 
LMF100AJ, 
LMF100CIN, 
LMF100CCN 
LMF100CIWM, 
LMF100CIJ 


Symbol 
Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 
Typical 
Limit 
Limit 
Typical 
Limit 
Limit 
(Note 8) (Note 9 (Note 
10 (Note 8 (Note 9 
(Note 
10) 


Is 
Maximum Supply Current 
fClK = 2S0 kHz 
8 
12 
12 
8 
12 
mA 
No Input Signal 


fa 
Center Frequency 
MtN 
0.1 
0.1 
Hz 
Aange 
f-- 
MAX 
50 
SO 
kHz 


fClK 
Clock Frequency 
~ 
5.0 
5.0 
Hz 
Aange 
MAX 
1.5 
1.S 
MHz 


fClK/fo 
Clock to Center 
VPin12 = 2.5V 
LMF100A 
±0.2 
±0.6 
±0.8 
±0.2 
±0.8 
% 
Frequency 
Aatio Deviation 
orOV 
fClK = 1 MHz 
LMF100C 
±0.2 
±1 
±1 
±0.2 
±1 
% 


40 
o Error (MAX) 
0= 
10, Mode 1 
LMF100A 
±0.5 
±4 
±6 
±O.S 
±IS 
% 
0 
(Note 4) 
VPin12 = 5V 
orOV 
LMF100C 
fClK = 1 MHz 
±0.5 
±5 
±8 
±0.5 
±8 
% 


HOBP 
Bandpass 
Gain at fa 
fClK = 1 MHz 
0 
±0.4 
±0.5 
0 
±0.5 
dB 


HOlP 
DC Lowpass Gain 
Al 
= A2 = 10k 
0 
±0.2 
±0.2 
0 
±0.2 
dB 
fClK = 250 kHz 


VOSl 
DC Offset Voltage (Note 5) 
fClK = 250 kHz 
±5.0 
±15 
±15 
±5.0 
±15 
mV 


VOS2 
DC Offset Voltage (Note 5) 
fClK = 250 kHz 
SAiB = V+ 
±20 
±60 
±60 
±20 
±eo 
mV 


SAiB = V- 
±10 
±50 
±60 
±10 
±eo 
mV 


VOS3 
DC Offset Voltage (Note S) 
fClK ~ 250 kHz 
±10 
±25 
±30 
±10 
±30 
mV 


Crosstalk 
(Note 6) 
A Side to B Side or 
-65 
-65 
dB 
B Side to A Side 


Output Noise (Note 12) 
fClK = 250 kHz 
N 
25 
25 
20 kHz Bandwidth 
BP 
250 
250 
".V 
100:1 Mode 
LP 
220 
220 


Clock Feedthrough 
(Note 13) 
fClK = 250 kHz 100:1 Mode 
2 
2 
mV 


VOUT 
Minimum Output 
Al 
= 5k 
+1.6 
±1.5 
±1.4 
+1.6 
±1.4 
V 
Voltage Swing 
(All Outputs) 
-2.2 
-2.2 


Rl = 3.5k 
+1.5 
+1.5 
V 
(All outputs) 
-2.1 
-2.1 


GBW 
Op Amp Gain BW Product 
5 
5 
MHz 


SA 
Op Amp Slew Aate 
18 
18 
V/".s 


Isc 
Maximum Output Short 
~ 


(All Outputs) 
10 
10 
mA 
Circuit Current (Note 7) 
Sink 
20 
20 
mA 


g 
LL: 
Logic Input Characteristics 
Boldface 
limits 
apply 
forTMIN 
to TMAX; all other limitsTA 
= TJ = 2SoC. 
::E 
..I 
LMF100ACN, 
LMF100AJ. 
LMF100CIN, 


LMF100CCN 
LMF100CIWM. 
LMF100cIJ 


Parameter 
. 
Conditions 
Tested 
Design 
Tested 
Design 
Units 
Typical 
Limit 
Limit 
Typical 
Umlt 
Limit 
(Note 
8) 
(Note 
9) 
(Note 
10) 
(Note 
8) 
(Note 
9) 
(Note 
10) 


CMOS Clock 
MIN Logical 
"1" 
V+ 
= +SV, 
V- 
= -SV, 
+3.0 
+3.0 
+3.0 
V 


Input Voltage 
MAX Logical 
"0" 
VLSh = OV 
-3.0 
-3.0 
-3.0 
V 


MIN Logical 
"1" 
V+ 
= +10V. 
V- 
= OV. 
+8.0 
+8.0 
+8.0 
V 


MAX Logical 
"0" 
VLSh = +SV 
+2.0 
+2.0 
+2.0 
V 


TTLClock 
MIN Logical 
"1" 
V+ = +SV, 
V- 
= -SV, 
+2.0 
+2.0 
+2.0 
V 


Input Voltage 
MAX Logical 
"0" 
VLSh = OV 
+0.8 
+0.8 
+0.8 
V 


MIN Logical 
"1" 
V+ = + 10V, V- 
= OV, 
+2.0 
+2.0 
+2.0 
V 


MAX Logical 
"0" 
VLSh = OV 
+0.8 
+0.8 
+0.8 
V 


CMOS Clock 
MIN Logical 
"1" 
V+ = +2.SV, 
V- 
= -2.SV. 
+1.S 
+1.5 
+1.5 
V 


Input Voltage 
MAX Logical 
"0" 
VLSh = OV 
-1.S 
-1.5 
-1.5 
V 


MIN Logical 
"1" 
V+ = +SV, 
V- 
= OV. 
+4.0 
+4.0 
+4.0 
V 


MAX Logical 
"0" 
VLSh = +2.SV 
+1.0 
+1.0 
+1.0 
V 


TTLClock 
MIN Logical 
"1" 
V+ = +SV, 
V- 
= OV. 
+2.0 
+2.0 
+2.0 
V 


Input Voltage 
MAX Logical 
"0" 
VLSh = OV. Vo+ 
= OV 
+0.8 
+0.8 
+0.8 
V 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
intended 
to be functional. 
These 
ratings do not guarantee 
specific 
performance 
limits, however. 
For guaranteed 
specifications 
and test conditions, 
see the 
Electrical Characterisfics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device 
is not operated 
under the listed test conditions. 
Note 2: Whenthe inputvoltage(V,W at any pinexceedsthe powersupplyrails(V,N < V- 
or V,N > V+) 
the absolutevalueof currentat that pinshouldbe limited 
to 5 mA or less. The sum of the currents at all pins that are driven beyond the power supply voltages 
should not exceed 20 mA 


Note 3: The maximum power dissipation 
must be derated at elevated temperatures 
and is dictated by TJMAX. 9JA. and the ambient temperature, 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is PD = (TJMAX - 
TJJ/8JA or the number given in the Absolute 
Maximum 
Ratings, whichever 
is lower. For this 
device, TJMAx - 
12S·C.and the typical junction-to-ambientthermal resistanceof the LMF100ACN/CCN/CINwhen board mounted is SS·C/W. For the 
LMF100AJ/CIJ,this numberincreasesto 9S'C/W and for the LMF100CIWM'thisnumberis 66"C/W. 


Note 4: The accuracy of the Q value is a function of the center frequency (fO)' This is illustrated in the curves under the heading "Typical 
Peformance 
Characteris- 
tics". 


Note 5: Voslo 
VQS2. and Vos3 refer to the internal offsets as discussed 
in the Applications 
Information 
section 3.4. 


Note 6: Crosstalk between the internal filter sections is measured by applying a 1 VAMS 10kHz 
signal to one bandpass fitter section input and grounding the input 
of the other bandpass filter section. The crosstalk 
is the ratto between the output of the grounded filter section and the 1 VRMS input signal of the other section. 


Note 7: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circurt sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst case conditions. 


Note 8: Typicals are at 2SoC and represent 
most likely parametric 
norm. 
Note 9: Testedlimitsare guaranteedto National'sAOOL(AverageOutgoingQualityLevel). 
Note 10: Designlimitsare guaranteedto National'sAOOL(AverageOutgoingQualityLevel)but are not 100%tested. 
Note 11: Humanbody model,100pF dischargedthrougha 1.SkO resistor. 
Note 12: In SO:1modethe output noiseis 3 dB higher. 
Note 13: In SO:1modethe clock feedthroughis 6 dB higher. 


Note 
14: A military RETS specification 
is available upon request. 
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Typical Performance Characteristics 
(Continued) 


fCLK/fo Ratio vs fCLK 
fCLKIfO Ratio vs Temperature 
fCLKIfO Ratio vs Temperature 
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Pin Descriptions 


LP(1,20), BP(2,19), The second order lowpass, band- 
N/AP/HP(3,18) 
pass 
and 
notch/allpass/highpass 
outputs. These outputs can typically 
swing to within 1V of each supply 
when driving a 5 kn load. For opti- 
mum performance, capacitive load- 
ing on these outputs should be mini- 
mized. For sign~1frequencies above 
15 
kHz 
the 
capacitance 
loading 
should be kept below 30 pF. 


INV(4,17) 
The inverting input of the summing 
opamp of each filter. These are high 
impedance inputs. The non-inverting 
input is internally tied to AGND so 
the opamp can be used only as an 
inverting amplifier. 
S1(5,16) 
S1 is a signal input pin used in 
modes 1b, 4, and 5. The input imped- 
ance is 1/fCLK X 
1 pF. The pin 
should be driven with a source im- 
pedance of less than 1 kn. If S1 is 
not driven with a signal it should be 
tied to AGND (mid-supply). 


SAlB(6) 
This pin activates a switch that con- 
nects one of the inputs of each fil- 
ter's second summer either to AGND 
(SAIB tied to V-) 
or to the lowpass 


(LP) output (SAIB tied to V+). This 
offers the flexibility needed for con- 
figuring the filter in its various modes 
of operation. 
VA+ (7)* 
This is both the analog and digital 
positive supply. 


Vo+ (8)* 
This pin needs to be tied to V+ ex- 
cept when the device is to operate 
on a single 5V supply and a TTL lev- 
el clock is applied. For 5V, TTL oper- 
ation, Vo + should be tied to ground 
(OV). 
VA-(14), Vo-(13) 
Analog and digital negative supplies. 
VA- 
and Vo - 
should be derived 


from the same source. They have 
been brought out separately so they 
can be bypassed by separate capac- 
itors, if desired. They can also be tied 
together 
externally 
and 
bypassed 


with a single capacitor. 
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Pin Descriptions 
(Continued) 


LSh(9) 
Level 
shift 
pin. This 
is used 
to 
ac- 


commodate 
various 
clock 
levels with 


dual or single 
supply 
operation. 
With 


dual ± 5V supplies 
and CMOS (± 5V) 


or 
TTL 
(OV-5V) 
clock 
levels, 
LSh 


should 
be tied to system 
ground. 


For OV-1 OV single 
supply 
operation 


the 
AGND 
pin should 
be biased 
at 


+ 5V and the LSh pin should 
be tied 


to the 
system 
ground 
for TTL 
clock 


levels. 
LSh should 
be biased 
at + 5V 


for ± 5V CMOS 
clock 
levels. 


The LSh pin is tied to system 
ground 


for 
± 2.5V 
operation. 
For 
single 
5V 


operation 
the LSh and VD+ 
pins are 


tied to system 
ground 
for TTL clock 


levels. 


CLK(1 0,11) 
Clock inputs for the two switched 
ca- 


pacitor 
filter 
sections. 
Unipolar 
or bi- 


polar 
clock 
levels 
may be applied 
to 


the CLK inputs 
according 
to the pro- 


gramming 
voltage 
applied 
to the LSh 


pin. 
The 
duty 
cycle 
of 
the 
clock 


should 
be close 
to 50%, 
especially 


when 
clock 
frequencies 
above 


200 
kHz 
are 
used. 
This 
allows 
the 


maximum 
time 
for 
the 
internal 


opamps 
to settle, 
which 
yields 
opti- 


mum filter performance. 


50/100(12)' 
By tying this pin to V+ 
a 50:1 clock 


to filter center 
frequency 
ratio is ob- 


tained. 
Tying 
this 
pin at 
mid-supply 


(i.e., 
system 
ground 
with 
dual 
sup- 


plies) or to V- 
allows 
the filter to op- 


erate 
at a 100: 1 clock 
to center 
fre- 


quency 
ratio. 


AGND(15) 
This 
is the 
analog 
ground 
pin. This 


pin should 
be connected 
to the sys- 


tem ground 
for dual supply operation 


or 
biased 
to 
mid-supply 
for 
single 


supply 
operation. 
For 
a further 
dis- 


cussion 
of 
mid-supply 
biasing 
tech- 


niques 
see the Applications 
Informa- 


tion (Section 
3.2). For optimum 
filter 


performance 
a "clean" 
ground 
must 


be provided. 


·This device 
is pin-for-pin 
compatible 
with the MF10 
except for the following 


changes: 


1. Unlike the MF10. the LMF100 has a single positive supply pin (VA+). 


2. On the LMF100 Vo+ 
is a control pin and is not the digital positive supply 
as on the MF10. 


3. Unlike the MF10, the LMF100 does not support the current limiting mode. 
When the 50/100 
pin is tied to v- the LMF100 
will remain 
in the 100:1 


mode. 


'elK: the frequency 
of the external 
clock 
signal 
applied 
to 
pin 10 or 11. 


'0: center 
frequency 
of the second 
order 
function 
complex 


pole 
pair. 
fo is measured 
at the 
bandpass 
outputs 
of the 
LMF100, 
and is the frequency 
of maximum 
bandpass 
gain. 


(Figure 
1). 


'notch: 
the frequency 
of minimum 
(ideally 
zero) 
gain at the 


notch 
outputs. 


'z: the center 
frequency 
of the second 
order 
complex 
zero 
pair, if any. If fz is different 
from fo and if Qz is high, it can be 
observed 
as the frequency 
of a notch 
at the all pass output. 


(Figure 
13). 


Q: "quality 
factor" 
of the 2nd order filter. 
Q is measured 
at 


the bandpass 
outputs 
of the LMF100 
and is equal 
to fo di- 


vided 
by the 
- 3 dB bandwidth 
of the 2nd order 
bandpass 
filter (Figure 
1). The value of Q determines 
the shape 
of the 
2nd order filter responses 
as shown 
in Figure 
6. 


Qz: the quality factor 
of the second 
order complex 
zero pair, 


if any. Qz is related 
to the allpass 
characteristic, 
which 
is 


written: 


HOAP ( s2 - 
s;zO + wo2 ) 


HAP(S) = -------- 
s2 + swo + wo2 
Q 


where 
Qz = Q for an all-pass 
response. 


Hosp: 
the gain (in VIV) of the bandpass 
output 
at f = fo. 


HOLP: the gain (in VIV) of the lowpass 
output 
as f -+ 0 Hz 
(Figure 2). 


HOHP: the 
gain 
(in VIV) 
of the 
highpass 
output 
as f -+ 


fCLK/2 
(Figure 
3). 


HON: the gain (in VIV) 
of the notch 
output 
as f -+ 
0 Hz 


and as f -+ 
fCLK/2, 
when 
the notch 
filter 
has equal 
gain 
above 
and below the center 
frequency 
(Figure 4). When the 


low-frequency 
gain differs 
from 
the high-frequency 
gain, as 


in modes 
2 and 3a (Figures 
10 and 
12), the two quantities 


below 
are used in place 
of HON. 


HON1: the gain (in V/V) 
of the notch 
output 
as f -+ 0 Hz. 


HON2: the gain (in VIV) of the notch output 
as f -+ fCLK/2. 
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HOIP 
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0.707 
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i 
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FIGURE 4. 2nd-Order Notch Response 
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FIGURE 6. Response of various 2nd-order filters as a function of Q. Gains 
and center frequencies are normalized to unity. 


2.0 Modes of Operation 


The 
LMF100 
is a switched 
capacitor 
(sampled 
data) 
filter. 


To fully describe 
its transfer 
functions, 
a time domain 
analy- 
sis is appropriate. 
Since 
this is cumbersome, 
and since the 


LMF100 
closely 
approximates 
continuous 
filters, 
the follow- 
ing discussion 
is based 
on the 
well-known 
frequency 
do- 
main. 
Each 
LMF100 
can 
produce 
two 
full 2nd order 
func- 


tions. See Table 
I for a summary 
of the characteristics 
of the 


various 
modes. 


MODE 
1: Notch 
1, Bandpass, 
Lowpass 
Outputs: 


fnotch = fo (See Figure 7) 


fo 
= center 
frequency 
of the complex 
pole pair 


= fClK or fClK 
100 
50 


=..!Q..= R3 


BW 
R2 


= quality 
factor 
of the complex 
pole pair 


= the -3 dB bandwidth 
of the bandpass 
output. 


Circuit 
dynamics: 


Hosp 
HOlP = ----a- or Hosp = HOlP 
X 0 


= HON X O. 


HOlP(peak) 
'" 0 X HOlP 
(for high O's) 


MODE 1a: Non-Inverting 
BP, LP (See Figure 8) 


fClK 
fClK 
= --or-- 
100 
50 


R3 


R2 


= center 
frequency 
of the imaginary 
zero pair = fo. 


= Lowpass 
gain (as f 
~ 
0) = - :~ 


R3 


R1 
- 1; HOlP(peak) 
'" 0 X HOlP 
(for high O's) 


R3 


R2 
= Notch output 
gain as f ~ 
0 
} = - R2 
f ~ 
fClK/2 
' 
R1 
HOSP2 = 1 (non-inverting) 


Circuit 
dynamics: 
HOSP1 = 0 


Note: 
VIN should be driven from a low impedance 
« 
1 kfi) source. 


fI 


2.0 Modes of Operation 
(Continued) 


MODE 
1b: Notch 
1, Bandpa88, 
Lowpa88 
Outputs: 


fnotch 
= fo (see FlgufY 9) 


fo 
= center frequency of the complex pole pair 


= fClK X .J2or fClK X .J2 
100 
50 


fnotch = center frequency of the imaginaryzero pair = fo. 


R2 


HOlP 
= Lowpassgain (asf - 
0) = - 2R1 


R3 
Hosp 
= Bandpassgain(at f = fo) = - R1 


HON 
= Notch output gainas f _ 
0 
} = - R2 
f- 
fClK/2 
R1 


a 
=~=R3x.J2 
BW 
R2 
= quality factor of the complex pole pair 


BW 
= the -3 dB bandwidthof'the bandpassoutput. 


Circuit dynamics: 


Hosp 
;,:; 
HOlP 
= .J2a or Hosp = HOlP X a x ,,2 


HONxa 


Hosp 
=~ 


HOlP(peak)"" a x HOlP (for high a's) 


MODE 2: Notch 
2, Bandpass, 
Lowpa88: 
fnotch 
< fo 


(see FlgufY 10) 
fo 
= center frequency 


= fClK ~ R2 + 1or fClK ~ R2 + 1 
100 
R4 
50 
R4 


fClK 
fClK 
fnotch = 100 orSO 


a 
= quality factor of the complex pole pair 
JR2/R4 + 1 
R2/R3 


HOlP 
= Lowpassoutput gain (as f - 
0) 


R2/Rl 
R2/R4 + 1 


Hosp 
= Bandpassoutput gain (at f = fo) = - 
R3/Rl 


HON1 = Notch output gain (as f - 
0) 


R2/Rl 
R2/R4 + 1 


HON2 = Notch outputgain ( as f _ 
fC~K) = - R2/Rl 


Filterdynamics:Hosp = a J HOlPHON2= J HON1HON2 


MODE 3a: HP, BP, LP and 
Notch 
with 
External 
Op Amp 


(See Figure 
12) 


= ICLK X 
fR2 or ICLK x 
fR2 
100 
\}"R4 
50 
\}"R4 


= 
fR2 x R3 
\}"R4 
R2 


R2 


R1 


R3 


R1 


R4 


R1 


ICLK ~h 
ICLK ~h 
= notch Irequency 
= -- 
- 
or -- 
- 
100 
RI 
50 
RI 


= gain 01 notch at 


1= 
10 = IIo(:~HOLP - 
:~ 
HOHP) 
II 


R 


= gain 01 notch (as I --+ 0) = -.J! X HOLP 
RI 


2.0 Modes of Operation 
(Continued) 


MODE 3: Highpass, 
Bandpass, 
Lowpass 
Outputs 


(See Figure 
11) 


= ICLK X 
fR2 or ICLK x 
fR2 


10 
100 
\} "R4 
50 
\} "R4 


o 
= 
quality 
lactor 
01 the complex 
pole pair 


= 
fR2 x R3 
\}"R4 
R2 


HOHP 
= 
Highpass 
gain ( at I --+ IC~K) 
= 
:~ 


R3 


HOBP 
= 
Bandpass 
gain (at I = 10) = 
R1 


R4 


HOLP 
= Lowpass 
gain (as I --+ 0) = 
R1 


.. 
. 
R2 
HOHP 
----- 
Circuit dynamics: 
-=--; 
HOBP= ~HOHP X HOLP X 0 
R4 
HOLP 


HOLP(peak) "" 0 X HOLP (lor high 0'5) 


HOHP(peak) "" 0 X HOHP (lor high 0'5) 


Co· 
r 1~--, 


FIGURE 
12. MODE 3a 


7-69 


= gain 01 notch 
( as I --+ IC~K) 


Rg 
- 
- 
X HOHP 
Rh 


"In Mode 3, the feedback 
loop is closed 
around the input summing amplifier; 
the 
finite GBW product of this op amp caus- 
es a slight 
Q enhancement. 
If this is a 
problem. 
connect 
a 
small 
capacitor 
(10 pF -100 
pF) across 
R4 to provide 


some phase lead. 


II 


2.0 Modes of Operation 
(Continued) 


MODE 4: Allpass, 
Bandpass, 
Lowpass 
Outputs 


(See Figure (3) 


fo 
= center 
frequency 


fClK 
fClK 
= 100 or 50; 


fz' = center 
frequency 
of the complex 
zero:::: 
fo 


fo 
R3 
= BW = R2; 


Qz = quality factor 
of complex 
zero pair = R3 
R1 


For AP output 
make 
R1 = R2 


HOAP' = Allpass 
gain ( at 0 < f < fC~K) = 
:~ 
- 
1 


HOlP 
= Lowpass 
gain (as f -+ 
0) 


= - (:~ + 1) = - 2 


Hosp 
= Bandpass 
gain (at f = fo) 


= _R3 
(1 + R2) 
= -2 
(R3) 
R2 
R1 
R2 


Circuit 
dynamics: 
Hosp 
= (HOlP) 
X Q = (HOAP + 1)Q 


• Due to the sampled data nature of the filter, a slight mismatch of fz and fo 
occurs 
causing 
a 0.4 dB peaking 
around 
fo of the allpass 
filter amplitude 
response 
(which theoretically 
should be a straight 
line). If this is unaccept· 
able, Moda 5 is recommended. 


MODE 5: Numerator 
Complex 
Zeros, 
BP, LP 


(See Figure (4) 


fo 
= ~ 1 + R2 X fClK or ~ 1 + R2 X fClK 


R4 
100 
R4 
50 


fz 
= ~1 
- 
Rl x fClKor~1 
_R1 
X fClK 


R4 
100 
R4 
50 


R3 
Q 
= Jl + R2/R4 
X R2 


Qz 
= J1 - 
R1/R4 
x R3 
Rl 


HOz1 
= gain at C.Z. output 
(as f -+ 
0 Hz) 


-R2(R4 
- 
Rl) 


Rl(R2 
+ R4) 


HOz2 
= gain at C.Z. output 
(as 
f -+ 
fClK) 
= - R2 
2 
Rl 


Hosp 
= - (R2 + 1) 
x R3 


. 
Rl 
R2 


HOlP 
= _(R2 
+ Rl) 
X R4 
R2 + R4 
R1 


SAIl 
9' 
v· 


2.0 Modes of Operation 
(Continued) 


MODE 6a: Single 
Pole, 
HP, LP Filter 
(See Figure 15) 


fe 
= cutoff 
frequency 
of LP or HP output 


R2 fCLK 
R2 fCLK 
=---or--- 


R3100 
R3 
50 


R3 


R1 


R2 


R1 


MODE 6b: Single 
Pole 
LP Filter 
(Inverting 
and 
Non- 


Inverting) 
(See Figure 16) 


fe 
= cutoff 
frequency 
of LP outputs 


"" R2 fCLK or R2 fCLK 
R3 100 
R3 
50 


= 1 (non-inverting) 


R3 


R2 


fI 


2.0 Modes of Operation 
(Continued) 


MODE 6c: Single 
Pole, AP, LP Filter (See Figure 
17) 


fClK 
fClK 
=-or- 
50 
100 
= 1 (as f 
- 
0) 
= -1 
(as f - 
fClK/2) 
= -2 


= R2 = R3 


HOAP 


HOAP 


HOlP 
Rj 


MODE 7: Summing 
Integrator 
(See Figure 
18) 


T 
= integratortimeconstant 


16 
8 
=-or- 
fClK 
fClK 


Equl,:,alent Circuit 


OUT1 


R2 
K~- 
A, 


Dun 
~ - ~ flN1 dt - ~ flN2 dt 
T 
T 


2.0 Modes of Operation 
(Continued) 


TABLE I. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks. 
Unless otherwise noted, gains of various filter outputs are Inverting and adjustable by resistor ratios. 


Mode 
BP 
LP 
HP 
N 
AP 
Number of 
Adjustable 
Notes 
Resistors 
fClK/fo 


1 
· 
· 
· 
3 
No 


(2) 
May need input buf- 


1a 
HOBP1= -0 
HOlP = + 1 
2 
No 
fer. Poor dynamics 


HOBP2= + 1 
forhighO. 
, 


1b 
· 
· 
· 
3 
No 
Useful for high 
frequency applications. 


Yes (above 


2 
· 
· 
· 
3 
fClK/50 or 
fClK/100) 


Universal State- 
3 
· 
· 
· 
4 
Yes 
Variable Filter. Best 
general-purpose mode. 


As above, but also 
3a 
· 
· 
· · 
7 
Yes 
includes resistor- 
tuneable notch. 


Gives Allpass res- 


4 
· 
· 
· 
3 
No 
ponse with HOAP= - 1 
and HOlP = - 2. 


Gives flatter allpass 


5 
· 
· 
· 
4 
Yes 
response than above 
if R1 = R2 = 0.02R4' 


6a 
· 
· 
3 
Yes 
Single pole. 


(2) 


6b 
HOlP1 = + 1 
2 
Yes 
Single pole. 
-R3 
HOlP2 = R2 


6c 
· 
· 
3 
No 
Single pole. 


7 
2 
Yes 
Summing integrator with 
adjustable time constant. 


3.0 Applications 
Information 


The LMF100 is a general purpose dual second-order state 
variable filter whose center frequency is proportional to the 
frequency of the square wave applied to the clock input 
(fClKl. The various clocking options are summarized in the 
following table. 


By connecting pin 12 to the appropriate dc voltage, the filter 
center frequency, fa, can be made equal to either fClK/1 00 
or fClK/50. fo can be very accurately set (within ±0.6%) by 
using a crystal clock oscillator, or can be easily varied over 
a wide frequency range by adjusting the clock frequency. If 
desired, the fClK/fo ratio can be altered by external resis- 
tors as in Figures 
10, 11, 12, 13, 14, 15 and 16. This is 


useful when high-order filters (greater than two) are to be 
realized by cascading the second-order sections. This al- 
lows each stage to be stagger tuned while using only one 
clock. The filter 0 and gain are set by external resistor ra- 
tios. 
- 


All of the five second-order filter types can be built using 
either section of the LMF100. These are illustrated in Fig- 
ures 
1 through 5 along with their transfer functions and 


some related equations. Figure 6 shows the effect of 0 on 
the shapes of these curves. 


Power Supply 
Clock Levels 
LSh 
Vo+ 


-5Vand 
+5V 
TTL (OVto + 5V) 
OV 
+5V 


-5Vand 
+5V 
CMOS (-5Vto 
+5V) 
OV 
+5V 


OVand 10V 
TTL (OVto 5V) 
OV 
+10V 


OVand 10V 
CMOS (OVto + 10V) 
+5V 
+10V 


-2.5Vand 
+2.5V 
CMOS 
OV 
+2.5V 
(- 2.5V to + 2.5V) 


OVand5V 
TTL (OVto + 5V) 
OV 
OV 


OVand5V 
CMOS (OVto + SV) 
+2.SV 
+SV 
• 


order 
section: 
fo, the filter 
section's 
center 
frequency; 
Ho, 
the passband 
gain; and the filter's 
O. These 
are determined 


by the characteristics 
required 
of the filter 
being designed. 


As 
an 
example, 
let's 
assume 
that 
a 
system 
requires 
a 


fourth-order 
Chebyshev 
low-pass 
filter with 1 dB ripple, unity 


gain 
at dc, and 
1000 
Hz cutoff 
frequency. 
As the 
system 


order 
is four, 
it is realizable 
using 
both 
second-order 
sec- 


tions of an LMF100. 
Many filter design texts 
(and National's 


Switched 
Capacitor 
Filter Handbook) 
include 
tables 
that list 


the characteristics 
(fo and 0) of each 
of the second-order 


filter sections 
needed 
to synthesize 
a given 
higher-order 
fil- 
ter. 
For the 
Chebyshev 
filter 
defined 
above, 
such 
a table 


yields 
the following 
characteristics: 


fOA = 529 Hz 
OA = 0.785 


fOB = 993 Hz 
OB = 3.559 


For unity gain at dc, we also specify: 


HOA = 1 


HOB = 1 


The 
desired 
clock-to-cutoff-frequency 
ratio 
for the 
overall 


filter 
of this example 
is 100 and a 100 kHz clock 
signal 
is 


available. 
Note that the required 
center 
frequencies 
for the 


two second-order 
sections 
will not be obtainable 
with clock- 


to-center-frequency 
ratios of 50 or 100. It will be necessary 


fCLK 
to adjust ~ 
externally. 
From Table 
I, we see that Mode 3 


can be used to produce 
a low-pass 
filter with resistor-adjust- 
able center 
frequency. 


is greater 
than 0.707. This is due' to the' higher 
relati:e 
gai~ 
at the center 
frequency 
of a higher-O 
stage. 
Placing 
a stage 
with 
lower 0 ahead 
of a higher-O 
stage 
will provide 
some 
attenuation 
at the center 
frequency 
and thus help avoid clip- 


ping of signals 
near this frequency. 
For this example, 
stage 
A has the lower 0 (0.785) 
so it will be placed 
ahead 
of the 
other 
stage. 


For the 
first 
section, 
we 
begin 
the 
design 
by choosing 
a 
convenient 
value 
for the input resistance: 
R1A = 20k. The 
absolute 
value 
of the passband 
gain HOLPA is made 
equal 
to 1 by choosing 
R4A such that: R4A = -HOLPAR1A 
= R1A 


= 20k. If the 50/100/CL 
pin is connected 
to mid-supply 
for 


nominal 
100:1 clock-to-center-frequency 
ratio, we find R2A 
by: 


R 
= R 
fOA2 
= 
4 
(529)2_ 
2A 
4A(fCLK/100)2 
2 X 10 
X (1000)2 
- 
5.6kand 


R3A = OA JR2AR4A = 0.785J5.6 
X 103 X 2 x 104 = 8.3k 


The resistors 
for the second 
section 
are found 
in a similar 


fashion: 


R1B = 20k 


R4B = R1B = 20k 


R 
= R 
fOB2 
= 20k 
(993)2 
- 


2B 
4B(fCLK/100)2 
(1000)2 
- 
19.7k 


R3B = OBJR2BR4B =3.559J1.97 
X 104 X 2 X 104 = 70.6k 


The 
complete 
circuit 
is shown 
in Figure 
19 for split 
±5V 


power supplies. 
Supply 
bypass 
capacitors 
are highly recom- 


mended. 


RIB 
20k 
Vour 


R4B 
20 
20k 
LPA 
LPs 
R3B 
19 
70.6k 
BPA 
BPs 
R2B 


N/ AP/HPA 
18 
19.7k 
N/ AP/HPB 


V1N 
INVA 
INVs 
17 


20k 
5 
SlA 
UolF100 
SIB 


-5V 
6 
SA/S 
AGNO 


7 
VA+ 
VA- 


+5V 
8 
Vo+ 
13 
Vo- 
-5V 


0.1 
9 
12 
L Sh. 
50/100/CL 
- 
10 
CLKA 
11 


CLOCKIN.nn 


ClKs 


felK = 100 kHz 


FIGURE 
19. Fourth-order 
Chebyshev 
low-pass 
filter 
from 
example 
In 3.1. 
±5V 
power 
supply. 
OV-5V 
TTL or 
±5V 
CMOS logic 
levels. 


20k 
INVA 
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SlA 


6 
SA/s 
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L Sh. 
-= 10 
CLKA 


CLOCKINrLn 


fClJ( = 100 kHz 


R4B 
20 
20k 


LPs 
R3B 
19 
70.6k 
BPS 
R2B 
18 
19.7k 
N/ AP/HPs 


17 
INVs 


SlS 
16 


LMF100 


AGNO 15 


14 
0.1 
VA- 


Vo- 
13 


50/100/CL 
12 
- 


CLKs 
11 


TLiH/5645-31 
FIGURE 20. Fourth-order 
Chebyshev low-pass filter from example In 3.1. Single + 10V power supply. OV-5V 
TTL logic 
levels. Input signals should be referred to half-supply or applied through a coupling capacitor. 


(a) Resistive Divider with 


Decoupling Capacitor 
(c) Operational Amplifier 


with Divider 


V+ 


FIGURE 21. Three Ways of Generating ""2 for SIngle-Supply Operation 


3.0 Applications 
Information 
(Continued) 


3.2 SINGLE 
SUPPLY 
OPERATION 


The 
LMF100 
can also 
operate 
with 
a single-ended 
power 
supply. 
Figure 20 shows 
the example 
filter with a single-end- 


ed power supply. 
VA + and Vo + are again connected 
to the 
positive 
power 
supply (4 to 15 volts), 
and VA - 
and Vo - 
are 


connected 
to ground. 
The AGNO pin must be tied to V+ /2 
for single 
supply 
operation. 
This half-supply 
point should 
be 
very "clean", 
as any noise appearing 
on it will be treated 
as 
an input to the filter. 
It can be derived 
from the supply volt- 
age with a pair of resistors 
and a bypass 
capacitor 
(Figure 
21a), 
or a low-impedance 
half-supply 
voltage 
can be made 
using 
a three-terminal 
voltage 
regulator 
or an operational 
amplifier 
(Figures 
21b and 21c). The passive 
resistor 
divider 
with 
a bypass 
capacitor 
is sufficient 
for many applications, 
provided 
that the time constant 
is long enough 
to reject any 
power 
supply 
noise. 
It is also important 
that the half-supply 
reference 
present 
a low impedance 
to the clock 
frequency, 
so at very 
low clock 
frequencies 
the 
regulator 
or op-amp 
approaches 
may 
be 
preferable 
because 
they 
will 
require 
smaller 
capacitors 
to filter 
the 
clock 
frequency. 
The 
main 
power 
supply voltage 
should 
be clean 
(preferably 
regulated) 
and bypassed 
with 0.1 ",F. 


3.3 DYNAMIC 
CONSIDERATIONS 


The maximum 
signal handling 
capability 
of the LMF100, 
like 
that 
of any active 
filter, 
is limited 
by the power 
supply 
volt- 
ages used. The amplifiers 
in the LMF100 
are able to swing 


to within 
about 
1 volt 
of the supplies, 
so the 
input 
signals 
must 
be kept 
small 
enough 
that 
none 
of the 
outputs 
will 
exceed 
these 
limits. If the LMF100 
is operating 
on ± 5 volts, 


for example, 
the outputs 
will clip at about 
8Vp_p. The maxi- 
mum input voltage 
multiplied 
by the filter gain should 
there- 


fore be less than 8V pop' 


Note 
that 
if the filter 
Q is high, the gain at the 
lowpass 
or 
highpass 
outputs 
will be much greater 
than the nominal 
filter 
gain (Figure 
6)_ As an example, 
a lowpass 
filter with a Q of 
10 will have a 20 dB peak in its amplitude 
response 
at fa. If 
the nominal 
gain of the filter (HOLP) is equal to 1, the gain at 
fa will be 10. The maximum 
input signal at fa must therefore 
be less than 800 mVp_p when 
the circuit 
is operated 
on ±5 
volt supplies. 


Also note that one output 
can have a reasonable 
small volt- 
age on it while another 
is saturated. 
This is most likely for a 
circuit 
such 
as the notch 
in Mode 
1 (Figure 
7). The 
notch 
output 
will be very 
small 
at fa, so it might 
appear 
safe 
to 
apply a large signal to the input. However, 
the bandpass 
will 
have its maximum 
gain at fa and can clip if overdriven. 
If one 
output 
clips, 
the 
performance 
at the 
other 
outputs 
will 
be 
degraded, 
so avoid overdriving 
any filter section, 
even ones 
whose 
outputs 
are not being 
directly 
used. Accompanying 
Figures 
7 through 
17 are equations 
labeled 
"circuit 
dynam- 
ics", which 
relate the Q and the gains at the various 
outputs. 
These 
should 
be consulted 
to determine 
peak circuit 
gains 
and maximum 
allowable 
signals 
for a given application. 


3.4 OFFSET 
VOLTAGE 


The LMF100's 
switched 
capacitor 
integrators 
have a slightly 
higher input offset voltage 
than found in a typical 
continuous 


time 
active 
filter 
integrator. 
Because 
of 
National's 
new 
LMCMOS 
process 
and new design 
techniques 
the internal 
offsets 
have 
been 
minimized, 
compared 
to 
the 
industry 
standard 
MF10. Figure 22 shows 
an equivalent 
circuit of the 
LMF100 
from which 
the output 
dc offsets 
can be calculated. 


Typical 
values 
for these 
offsets 
with SAIB tied to V+ 
are: 


VOSt 
= 
opampoffset 
= 
±5mV 


VOS2 = 
±30mVat50:1 
or 100:1 


Vosa 
= 
± 15 mV at 50:1 or 100:1 


When 
SAIB 
is tied 
to V-, 
VOS2 will 
approximately 
halve. 


The dc offset 
at the BP output 
is equal to the input offset 
of 
the lowpass 
integrator 
(Vosa). 
The offsets 
at the other 
out- 
puts depend 
on the mode 
of operation 
and the resistor 
ra- 
tios, as described 
in the following 
expressions. 


Mode 
1 and Mode 
4 


VOS(N) 
= 
VOSt (6 + 
1 + 
IIHoLPII) 
- 
V~sa 


VOS(BP) 
= 
Vosa 


VOS(LP) 
= 
VOS(N) - 
VOS2 


Mode 
la 


VOS(N.INV.BP) 


Vos(INV.BP) 


Vos(LP) 


Mode 
lb 


VOS(N) 


VOS(BP) 


VOS(LP) 


( 
1) 
Vosa 
= 
1 +0 
YOSt-a 


= 
Vqsa 


= 
Vos(N.INV.BP) 
- 
VOS2 


( 
R2 
R2) 
R2 
= YOSt 
1 + - 
+ - 
- 
- 
Vosa 
R3 
Rl 
R3 


= 
Vosa 


= VOS(N) _ VOS2 
2 
2 


Mode 
2 and Mode 
5 


(R2) 
1 
Rp + 
1 
YOSt x 1 + 
R2/R4 


VOS{BP) 


VOS(LP) 


Mode 
3 


VOS(HP) 


VOS(BP) 


VOS(LP) 


1 
+ VOS2 1 + R4/R2 


Rp = 
R111R311R4 


= 
Vosa 


= 
VOS(N) - 
VOS2 


Vosa 
. 
CM+R2/R4 
. 


=VOS2 


=Vosa 


= VOSt 
[1 
+ :;J - VOS2(::) 


- 
Vosa(::) 


Rp = 
R111R211R3 


Mode 
6a and 6c 


VOS(HP) 
= 
VOS2 


( 
Ra 
Ra) 
Ra 
VOS(LP) 
= YOSt 
1 + - 
+ - 
- 
- 
VOS2 
R2 
Rt 
R2 


Mode6b 


VOS(LP (N.lNV) 


VOS(LP (INV) 


R4 
20 
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VOUT 
2 
19 
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R2 
3 
18 
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4 
17 
V1N 
INVA 
INVe 
16 
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SlA 
lMFlOO 
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ClK IN ..n.n. 
-= 
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FIGURE 
23. Second-Order 
Notch 
Filter 


In many applications. the outputs are ac coupled and dc 
offsets are not bothersome unless large signals are applied 
to the filter input. However, larger offset voltages will cause 
clipping to occur at lower ac signal levels, and clipping at 
any of the outputs will cause gain nonlinearities and will 
change fa and Q. When operating in Mode 3, offsets can 
become excessively large if R2 and R4 are used to make 
fClK/fo significantly higher than the nominal value, especial- 
ly if Q is also high. 
For example, Figure 23 shows a second-order 60 Hz notch 
filter. This circuit yields a notch with about 40 dB of attenua- 
tion at 60 Hz. A notch is formed by subtracting the band- 
pass output of a mode 3 configuration from the input using 


the unused side B opamp. The Q is 10 and the gain is 1 VIV 
in the passband. However, fClK/fo = 1000 to allow for a 
wide input spectrum. This means that for pin 12 tied to 
ground (100:1 mode), R4/R2 = 100. The offset voltage at 
the lowpass output (LP) will be about 3V. However, this is an 
extreme case and the resistor ratio is usually much smaller. 
Where necessary, the offset voltage can be adjusted by us- 
ing the circuit of Figure 24. This allows adjustment of VOS1, 
which will have varying effects on the different outputs as 
described in the above equations. Some outputs cannot be 
adjusted this way in some modes, however (VOS(BPj in 
modes la and 3, for example). 


Al 
~1OOkn 
A2 
~ 1 kn 
A3 
=100kn 
A4 
=100kn 
Ag 
-10kn 
AI 
~10kn 
Ah 
=10kn 


,. 


3.0 Applications 
Information 
(Continued) 


5V SUPPLY 


3.5 SAMPLED 
DATA SYSTEM 
CONSIDERATIONS 


The LMF100 
is a sampled 
data filter, and as such, differs 
in 
many ways from conventional 
continuous-time 
filters. An im- 
portant 
characteristic 
of sampled-data 
systems 
is their 
ef- 
fect 
on 
signals 
at frequencies 
greater 
than 
one-half 
the 
sampling 
frequency. 
(The 
LMF100's 
sampling 
frequency 
is 
the same as its clock frequency.) 
If a signal with a frequency 
greater 
than 
one-half 
the sampling 
frequency 
is applied 
to 
the input of a sampled 
data system, 
it will be "reflected" 
to 
a frequency 
less 
than 
one-half 
the 
sampling 
frequency. 


Thus, an input signal whose 
frequency 
is f./2 
+ 100 Hz will 
cause 
the system 
to respond 
as though 
the input frequency 
was f./2 
- 
100 Hz. This phenomenon 
is known 
as "alias- 
ing", 
and can be reduced 
or eliminated 
by limiting 
the input 
signal 
spectrum 
to less than f./2. 
This may in some 
cases 
require 
the 
use of a bandwidth-limiting 
filter 
ahead 
of the 
LMF100 
to 
limit 
the 
input 
spectrum. 
However, 
since 
the 
clock 
frequency 
is much 
higher 
than the center 
frequency, 
this will often 
not be necessary. 


Another 
characteristic 
of sampled-data 
circuits 
is that 
the 
output 
signal changes 
amplitUde 
once every 
sampling 
peri- 
od, resulting 
in "steps" 
in the output 
voltage 
which 
occur at 
the 
clock 
rate 
(Figure 
25). 
If 
necessary, 
these 
can 
be 
"smoothed" 
with a simple 
R-C low-pass 
filter at the LMF100 
output. 


The 
ratio 
of fCLK to fe (normally 
either 
50:1 
or 100:1) 
will 
also 
affect 
performance. 
A ratio 
of 
100:1 
will 
reduce 
any 
aliasing 
problems 
and 
is usually 
recommended 
for 
wide- 
band input signals. 
In noise-sensitive 
applications, 
a ratio of 
100:1 will result in 3 dB lower output 
noise for the same filter 
configuration. 


The accuracy 
of the fCLK/fo 
ratio is dependent 
on the value 
of Q. This 
is illustrated 
in the 
curves 
under 
the 
heading 
"Typical 
Performance 
Characteristics". 
As Q is changed, 
the true value 
of the ratio changes 
as well. Unless 
the Q is 
low, the error in fCLK/fo will be small. If the error is too large 
for a specific 
application, 
use a mode that allows adjustment 
of the ratio with external 
resistors. 


t!JNational 
Semiconductor 


LMF380 Triple One-Third Octave 
Switched-Capacitor 
Active Filter 


General Description 
The LMF360 is a triple, one-third octave filter set designed 
for use in audio, audiological, and acoustical test and mea- 
surement applications. Built using advanced switched-ca- 
pacitor techniques, the LMF360 contains three filters, each 
having a bandwidth equal to one-third of an octave in fre- 
quency. By combining several LMF360s, each covering a 
frequency range of one octave, a filter set can be imple- 
mented that encompasses the entire audio frequency range 
while using only a small fraction of the number of compo- 
nents and circuit board area that would be required if a con- 
ventional active filter approach were used. The center fre- 
quency range is not limited to the audio band, however. 
Center frequencies as low as 0.125 Hz or as high as 25 kHz 
are attainable with the LMF360. 
The center frequency of each filter is determined by the 
clock frequency. The clock signal can be supplied by an 
external source, or it can be generated by the internal oscil- 
lator, using an external crystal and two capacitors. Since the 
LMF360 has an internal clock frequency divider (-;-2) and 
an output pin for the half-frequency clock signal, a single 
clock oscillator for the top-octave LMF360 becomes the 
master clock for the entire array of filters in a multiple 
LMF360 application. 


Accuracy is enhanced by close matching of the internal 
components: the ratio of the clock frequency to the center 
frequency is typically accurate to ±0.5%, 
and passband 
gain and stopband attenuation are guaranteed over the full 
temperature range. 


Features 
• 
Three bandpass filters with one-third octave center fre- 
quency spacing 
• 
Choice of internal or external clock 
• 
No external components other than clock or crystal and 
two capacitors 


Key Specifications 
• 
Passband gain accuracy: Better than 0.7 dB over 
temperature 
• 
Supply voltage range: ±2Vto 
±7.5Vor 
+4Vto 
+14V 


Applications 
• 
Real-Time Audio Analyzers (ANSI Type E, Class II) 
• 
Acoustical Instrumentation 
• 
Noise Testing 


• 


Absolute Maximum Ratings 
(Notes 
1 & 2) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Power Dissipation 
(Note 5) 
500mW 


please 
contact 
the 
National 
Semiconductor 
Sales 
Maximum 
Junction 
Temperature 
150'C 
Office/Distributors 
for 
availability 
and 
specifications. 
Storage 
Temperature 
Range 
- 65'C to + 150'C 
Total Supply Voltage 
-0.3Vto 
+16V 
ESD Susceptibility 
(Note 6) 
2000V 
Voltage 
at Any Pin 
V- 
- 
0.3V to V+ 
+ 0.3V 


Input Current 
per Pin (Note 3) 
±5mA 
Operating Ratings 
(Note 1) 


Total Input Current 
(Note 3) 
±20mA 
Temperature 
Range 
TMIN ,;; TA';; 
TMAX 


Lead Temperature 
(Soldering 
10 sec.) 
LMF380CIN, 
LMF380CIV, 


Dual-In-Line 
Package 
(Plastic) 
300'C 
LMF380CIJ 
-40'C 
,;; TA ,;; +85'C 


Surface 
Mount 
Package 
(Note 4) 
LMF380CMJ 
-55'C';; 
TA';; 
+125'C 


Vapor 
Phase (60 seconds) 
215'C 
SupplyVoltage(V+ 
- 
V-) 
4.0Vto 
14V 


Infrared 
(15 seconds) 
220'C 
Clock Input Frequency 
10 Hz to 1.25 MHz 


Filter Electrical Characteristics 
The following 
specifications 
apply for V+ = + 5V, V- 
= -5V, 
and fCLK 
= 320 kHz unless otherwise 
specified. 
Boldface 
limits 
apply 
for 
TMIN to 
TMAX; 
all other limits apply for TA = TJ = 25'C. 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
7) 
(Note 
8) 
(Limit) 


fCLK:f01 
Clock-to-Center-Frequency 
Ratio, Filter 1 
50:1 


fCLK:f02 
Clock-to-Center-Frequency 
Ratio, Filter 2 
62.5:1 


fCLK:f03 
Clock-to-Center-Frequency 
Ratio, Filter 3 
80:1 


A1 
Gain at f 1 = 3720 Hz (Filter 1), 
(Note 9) 
-32 
-30 
dB (max) 
2960 Hz (Filter 2), 2340 Hz (Filter 3) 


A2 
Gain atf2 = 6080 Hz (Filter 1), 
(Note 9) 
+0.1 
0.1 
± 0.7 
dB (max) 
4820 Hz (Filter 2), 3820 Hz (Filter 3) 


A3 
Gain at f3 = 6200 Hz (Filter 1), 
(Note 9 
0.0 
-0.0 
± 0.7 
dB (max) 
4960 Hz (Filter 2), 3940 Hz (Filter 3) 


A4 
Gain alf4 = 6400 Hz (Filter 1), 
(Note 9) 
-0.2 
-0.2 
± 0.7 
dB (max) 
5080 Hz (Filter 2), 4040 Hz (Filter 3) 


As 
Gain atfs = 6540 Hz (Filter 1), 
(Note 9) 
-0.1 
-0.1 
± 0.7 
dB (max) 
5180 Hz (Filter 2), 4120 Hz (Filter 3) 


A6 
Gain atf6 = 6720 Hz (Filter 1), 
(Note 9) 
+0.15 
-0.15 
± 0.7 
dB (max) 
5340 Hz (Filter 2), 4240 Hz (Filter 3) 


A7 
Gain at f7 = 8900 Hz (Filter 1), 
(Note 9) 
-22 
-20 
dB (max) 
7060 Hz (Filter 2), 5600 Hz (Filter 3) 


Vos 
Output 
Offset 
Voltage, 
Each Filter 
+50 
+120 
mV(max) 


-30 
mV(min) 


En 
Total Output 
Noise, OUTl 
0.1 Hz to 20 kHz 
240 


Total Output 
Noise, OUT2 
210 
,..Vrms 


Total Output 
Noise, OUT3 
190 


CL 
Maximum 
Capacitive 
Load 
200 
pF 


Crosstalk 
VIN = 1 Vrms, f = fo 
-67 
dB 


Clock Feedthrough, 
Each Filter 
V+ = +5V, 
V- 
= -5V 
10 
mVp_p 


Your 
Output Voltage 
Swing 
RL = 5 ko. 
+4.2 
+3.8 
V (min) 


-4.6 
-4.2 
V (max) 


THO 
Total Harmonic 
Distortion 
VIN = 1 Vrms, f = fo 
0.05 
% 


Is 
Supply Current 
6.0 
9.0 
mA(max) 


\, 


Logic Input and Output Electrical Characteristics 
The following specifications for V+ = + SVand V- 
= -SV unless otherwise specified. Boldface 
limits 
apply 
for TMIN to 
TMAX; all other limits apply for TA = TJ = + 2S"C. 


Typical 
Tested 
Units 
Symbol 
Parameter 
Conditions 
(Note 7) 
Limit 
(Limit) 
(Note 8) 


VIH 
XTAL1 
Logical "1" 
V+ = SV,V- = -SV 
+3.0 
V (min) 


Vil 
CMOS Clock 
Logical "0" 
-3.0 
V (max) 


VIH 
Input Voltage 
Logical "1" 
V+ = 10V,V- 
= OV 
+8.0 
V (min) 


Vil 
Logical "0" 
+2.0 
V (max) 


VIH 
Logical "1" 
V+ = 2.SV,V- = -2.SV 
+1.S 
V (min) 


Vil 
Logical "0" 
-1.S 
V (max) 


VIH 
Logical "1" 
V+ = SV,V- = OV 
+4.0, 
V (min) 


Vil 
Logical "0" 
+1.0 
V (max) 


VOH 
Clock Output Logical "1" 
lOUT= -1 mA 
V+ - 
1.0 
V (min) 


Val 
Clock Outpu1Logical "0" 
lOUT= +1 mA 
V- 
+ 1.0 
V (max) 


IIN 
Input Current XTAL1 
±20 
p-A(max) 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
functional. 
These ratings do not guarantee specific performance 
limits, however. For guaranteed 
specifications 
and test conditions, 
see the Electrical CharacterisM 
tics. The guaranteed 
specifications 
apply only for the test conditions 
listed. Some pertormance 
characteristics 
may degrade when the device is not operated under 
the listed test conditions. 


Note 2: All voltages 
are measured with respect to GND unless otherwise 
specified. 


Note 3: When the input voltage (VIN) at any pin exceeds the power supplies (VIN < V- 
or VIN > V+), the current at that pin should be limited to 5 mA. The 20 mA 
maximum package 
input current rating limits the number of pins that can safely exceed the power supplies with an input current of 5 mA to four. 


Note 4: See AN450 "Surface 
Mounting Methods and Their Effect on Product Reliability" 
or the section titled "Surface 
Mount" 
found in any volume of the Linear 
Data Book Rev. 1 for other methods of soldering surface mount devices. 


Note 
5: The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is a function 
of TJmax, 8JA, and the ambient 
temperature, 
TA. The 
maximum allowable 
power dissipation 
at any temperature 
is PD = (TJmax - 
TA>/8JA or the number given in the Absolute 
Maximum Ratings. whichever 
is lower. 
For guaranteed 
operation, 
TJmax ~ 
125'C. The typical thermal resistance 
(9JAl 01 the lMF380N 
when board-mounted 
is 51'CW. 
9JA is typically 5'Z'C/W lor the 
lMF38OJ, 
and 86'C/W 
lor the lMF380V. 


Note 6: Human body model. 100 pF discharged 
through a 1.5 kn resistor. 


Note 7: Typicals are at TJ = 25°C and represent 
the most likely parametric 
norm. 


Note 8: Limits are guaranteed 
to National's 
Averge Outgoing Quality Level (AOQL). 


Note 
9: The nominal 
test frequencies 
are: f, 
~ 
0.58 fo. 12 ~ 
0.9510. 
13 ~ 
0.98 1o. f4 = 1o. 15 ~ 
1.02 1o. f6 ~ 
1.05 10. and 17 ~ 
, .39 fo. The actual test 
frequencies 
listed in the table may differ slightly from the nominal values. 


• 
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Connection 
Diagrams 


Dual-In-Llne 
Package 


GNO 
16 
y' 


N.C. 
15 
N.C. 


OUT3 
14 
IN3 


OUT2 
13 
N.C. 


Dun 
12 
IN2 


XTAL1 
11 
INI 


XTAl2 
10 
ClK 
OUT 


y- 
N.C. 


Top View 


Order 
Number 
LMF380CIJ, 
LMF380CMJ 
or LMF380CIN 


see NS Package 
Number 
J16A or N16E 


Plastic 
Chip Carrier 
Package 


18 
IN3 


17 
N.C. 


16 
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15 
N.C. 
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Top View 


Order 
Number 
LMF380CIV 
See NS Package 
Number 
V20A 


Pin Description 
GND 
This is the analog ground reference for the 
LMF380. In split supply applications. GND 
should be connected to the system ground. 
When operating the LMF380 from a single 
positive power supply voltage. pin 1 should 
be connected to a "clean" reference volt- 
age midway between V+ and V-. 


N.C. 
These pins are not connected to the inter- 
nal circuitry. 


OUT1. OUT2. 
These are the outputs of the filters. 


OUT3 


This is the crystal oscillator input pin. When 
using the 
internal oscillator. the 
crystal 
should be tied between XTAL1 and XTAL2. 
XTAL1 also serves as the input for an exter- 
nal CMOS-level clock. 
This is the output of the internal crystal 
oscillator. When using the internal oscilla- 
tor, the crystal should be tied between 
XTAL1 and XTAL2. 
This is the negative power supply pin. It 
should be bypassed with at least a 0.1 ",F 
ceramic 
capacitor. 
For 
best 
results. 
a 


1.0 ",F to 
10.0 ",F 
tantalum 
capacitor 


should also be used. For single-supply op- 
eration, connect this pin to system ground. 
This is the clock outpu1pin. It can drive the 
clock inputs (XTAL1) of additional LMF380s 
or other components. The clock output fre- 
quency is one-half the clock frequency at 
XTAL1. 
These are the signal inputs to the filters. 
INPUT1. 
INPUT2. 
INPUT3 


V+ 
This is the positive power supply pin. It 
should be bypassed with at least a 0.1 ",F 
ceramic capacitor. For best results. a 1.0 
",F to 10.0 ",F tantalum capacitor should 
also be used. 


Functional Description 
The LMF380 contains three fourth-order Chebyshev band- 
pass filters whose center frequencies are spaced one-third 
of an octave apart. making it ideal for use in "real time" 
audio 
spectrum 
analysis 
applications. 
As 
with 
other 


switched-capacitor filters. the center frequencies are pro- 
portional to the clock frequency applied to the IC; the center 
frequencies of the LMF380's three filters are located at 
fCLK/50. fCLK/62.5. and fCLK/80. 
The three filters in an LMF380 cover a full octave in fre- 
quency. so that by using several LMF380s with clock fre- 
quencies separated by a factor of 2n. a complex audio pro- 
gram can be analyzed for frequency content over a range of 
several octaves. To facilitate this. the CLK OUT pin of the 
LMF380 supplies an output clock signal whose frequency is 
one-half that of the incoming clock frequency. Therefore. a 
single clock source can provide the clock reference for all of 
the 30 filters (10LMF380s) in a real time analyzer that cov- 
ers the 
entire 
10-octave audio frequency 
range. The 
LMF380 contains an internal clock oscillator that requires 
an external crystal and two capacitors to operate. Since the 
clock divider is on-board, only a single crystal is needed for 
the top-octave filter chip; the remaining devices can derive 
their clock signals from the master. If desired, an external 
oscillator can be used instead. 


Figure 
1 shows the magnitude versus frequency curves for 


the three filters in the LMF380. Separate input and output 
pins are provided for the three internal filters. The input pins 
will normally be connected to a common signal source. but 
can also be connected to separate input signals when nec- 
essary. 
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FIGURE 
1. Response 
curves for the three filters 
In the 


LMF380. 
The clock frequency 
is 250 kHz. • 


Applications 
Information 


POWER 
SUPPLIES 


The LMF380 can operate from a total supply voltage (V+ 
V-) 
ranging from 4.0V up to 14V, but the choice of supply 


voltage can affect circuit performance. The IC depends on 
MaS switches for its operation. All such switches have in- 
herent "ON" resistances, which can cause small delays in 
charging internal capacitances. Increasing the supply volt- 
age reduces this "ON" resistance, which improves the ac- 
curacy of the filter in high<frequencyapplications. The maxi- 
mum practical center frequency improves by roughly 10% to 
20% when the supply voltage increases from 5V to 10V. 
Dynamic range is also affected by supply voltage. The maxi- 
IT)umsignal voltage swing capability increases as supply 
voltage increases, so the dynamic range is greater with 
higher power supply voltages. It is therefore recommended 
that the supply voltage be kept near the maximum operating 
voltage when dynamic range and/or high-frequency per- 
formance are important. 


As with all switched-capacitor filters, each of the LMF380's 
power supply pins should be bypassed with a minimum of 
0.1 ",F located close to the chip. An additional 1 ",F to 
10 ",F tantalum capacitor on each supply pin is recommend- 
ed for best results. 


Sampled-Data 
System 


Considerations 


CLOCK 
CIRCUITRY 


The LMF380's clock input circuitry accepts an external 
CMOS-level clock signal at XTAU, or can serve as a self- 
contained oscillator with the addition of an external 1 MHz 
crystal and two 30 pF capacitors (see Figure 3). 


The Clock Output pin provides a clock signal whose fre- 
quency is one-half that of the clock signal at XTAU. This 
allows multiple LMF380s to operate from a single internal or 
external clock oscillator. 


CLOCK 
FREQUENCY 
LIMITATIONS 


The performance characteristics of a switched-capacitor fil- 
ter depend on the switching (clock) frequency. At very low 
clock frequencies (below 10Hz), the time between clock 
cycles is relatively long, and small parasitic leakage currents 
cause the internal capacitors to discharge sufficiently to af- 
fect the filter's offset voltage and gain. This effect becomes 
more pronounced at elevated operating temperatures. 
At higher clock frequencies, performance deviations are 
due primarily to the reduced time available for the internal 
operational amplifiers to settle. For this reason, when the 
filter clock is externally generated, care should be taken to 
ensure that the clock waveform's duty cycle is as close to 
50% as possible, especially at high clock frequencies. 


OUTPUT 
STEPS 


Because the LMF380 uses switched-capacitor techniques, 
its performance differs in several ways from non-sampled 
(continuous) circuits. The analog signal at any input is sam- 
pled during each filter clock cycle, and since the output volt- 
age can change only once every clock cycle, the result is a 
discontinuous output signal. The output signal takes the 
form of a series of voltage "steps", as shown in Figure 2 for 
clock-to-center-frequency ratios of 50:1 and 100:1. 
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FIGURE 
2. Swltched-Capacltor 
Filter Output 
Waveform. 
Note the sampling "steps". 


ALIASING 
Another important characteristic of sampled-data systems is 
their effect on signals at frequencies greater than one-half 
the sampling frequency, fs. (The LMF380's sampling fre- 
quency is the same as the filter clock frequency). If a signal 
with a frequency greater than one-half the sampling fre- 
quency is applied to the input of a sampled-data system, it 
will be "reflected" 
to a frequency less than one-half the 
sampling frequency. Thus, an input signal whose frequency 
is fs/2 + 10 Hz will cause the system to respond as though 
the input frequency was fs/2 
- 
10Hz. 
If this frequency 


happens to be within the passband of the filter, it will appear 
at the filter's output, even though it was not present in the 
input signal. This phenomenon is known as "aliasing". Ali- 
asing can be reduced or eliminated by limiting the input sig- 
nal spectrum to less than fs/2. In some cases, it may be 
necessary to use a bandWidth-limitingfilter (often a simple 
passive RC low-pass) between the signal source and the 
switched-capacitor filter's input. In the application example 
shown in Figure 3, two LMF60 6th-order low-pass filters pro- 
vide anti-aliasing filtering. 


OFFSET 
VOLTAGE 


Switched-capacitor filters often have higher offset voltages 
than non-sampling filters with similar topologies. This is due 
to charge injection from the MaS switches into the sampling 
and integrating capacitors. The LMF380's offset voltage 
ranges from a minimum of -30 
mV to a maximum of 


+120 mY. 


NOISE 
Switched-capacitor filters have two kinds of noise at their 
outputs. There is a random, "thermal" 
noise component 


whose amplitude is typically on the order of 210 ",V. The 
other kind of noise is digital clock feedthrough. This will 
have an amplitude in the vicinity of 10 mV peak-to-peak. In 
some applications, the clock noise frequency is so high 
compared to the signal frequency that it is unimportant. In 
other cases, clock noise may have to be removed from the 
output signal with, for example, a passive low-pass filter at 
the LMF380's output (see Figure 4). 


INPUT IMPEDANCE 


The LMF380's input pins are connected directly to the inter- 
nal biquad filter sections. The input impedance is purely ca- 
pacitive and is approximately 6.2 pF at each input pin, in- 
cluding package parasitics. 
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FIGURE 
3. Complete, 
one-third 
octave 
filter set for the entire audio frequency 
range. Ten LMF380s 
provide 
the thirty 
bandpass 
filters 
required 
for this function. 
Power supply 
connections 
and bypass 
capacitors 
are not shown. 
Pin 
numbers 
are for the dual-in-line 
package. 
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Typical Applications 
(Continued) 


THIRD-OCTAVE 
ANALYZER 
FILTER 
SET 
The circuit shown in Figure 3 uses the LMF380 to imple- 
ment a %-octave filter set for use in "real time" audio pro- 
gram analyzers. Ten LMF380s provide all of the bandpass 
filtering for the full audio frequency range. The power supply 
connections are not shown, but each power supply pin 
should be bypassed with a 0.1 ",F ceramic capacitor in par- 
allel with a 1 ",F tantalum capacitor. 


The first LMF380, at the top of Figure 3, handles the highest 
octave, with center frequencies of 20 kHz, 16 kHz, and 
12.6 kHz. It also contains the 1 MHz master clock oscillator 
for the entire system. Its Clock Out pin provides a 500 kHz 
clock for the second LMF380, which supplies 250 kHz to 
the third LMF380, and so on. 
If the audio input signal were applied to all of the LMF380 
input pins, aliasing might occur in the lower frequency filters 
due to audio components near their clock frequencies. For 
example, the LMF380 at the bottom of Figure 3 has a clock 
frequency 
equal to 
1.953125 kHz. An input signal at 


1.93 kHz will be aliased down to 23.125 Hz, which is near 
the band center of the 24.4 Hz bandpass filter and will ap- 
pear at the output of that filter. 


This problem is solved by two LMF60-1 00 6th order Butter- 
worth low-pass filters serving as anti-aliasing filters, as 
shown in Figure 3. The first LMF60-1 00 is connected to the 
input signal. The clock for this LMF60 is 250 kHz and comes 
from pin 10 of the second LMF380. The cutoff frequency is 
therefore 2.5 kHz. The output of this first LMF60-1 00 drives 
the inputs of the fifth, six1h,and seventh LMF380s. The sev- 
enth LMF380 has a 15.625 kHz clock, so aliasing will begin 
to become a problem around 15.2 kHz. With a six1h-order, 
2.5 kHz low-pass filter preceding this circuit, the attenuation 
at 15.2 kHz is theoretically about 94 dB, which prevents 
aliasing from occuring at this bandpass filter. 
The output of the first LMF60 also drives the input of the 
second LMF60, which provides anti-aliasing filtering for the 
three LMF380s that handle the lowest part of the audio fre- 
quency spectrum. 
Note that no anti-aliasing filtering is provided for the four 
LMF380s at the top of Figure 3. These devices will not en- 
counter aliasing problems for frequencies below about 
120 kHz; if higher input frequencies are expected, an addi- 
tional low-pass filter at VIN may be required. 


DETECTORS 
In a real-time analyzer, the amplitude of the signal at the 
output of each filter is displayed, usually in "bar-graph" 
form. The AC signal at the output of each bandpass filter 
must be converted to a unipolar signal that is appropriate for 
driving the display circuit. 


The detector can take any of several forms. It can respond 
to the peaks of the input signal, to the average value, or to 
the rms value. The best type of detector depends on the 
application. For example, peak detectors are useful when 
monitoring audio program signals that are likely to overdrive 
an amplifier. Since the output of the peak detector is propor- 


tional to the peak signal voltage, it provides a good indica- 
tion of the voltage swing. Generally, the output of the peak 
detector must have a moderately fast (about 1 ms) attack 
time and a much slower (tens or hundreds of milliseconds) 
decay time. The actual attack and decay times depend on 
the expected application. An average detector responds to 
the average value of the rectified input signal and provides a 
good solution when measuring random noise. An average 
detector will normally respond relatively slowly to a rapid 
change in input amplitude. An rms detector gives an output 
that is proportional to signal power, and is therefore useful 
in many instrumentation applications, especially those that 
involve complex signals. 


Peak detectors and average-responding detectors require 
precision rectifiers to convert the bipolar input signal into a 
unipolar output. Half-wave rectifiers are relatively inexpen- 
sive, but respond to only one polarity of input signal; there- 
fore, they can potentially ignore information. Full-wave recti- 
fiers need more components, but respond to both polarities 
of input signal. Examples of half- and full-wave peak- and 
average-responding detectors are shown in Figure 
4. The 
component values shown may need to be adjusted to meet 
the requirements of a particular application. For example, 
peak detector attack and decay times may be changed by 
changing the value of the "hold" capacitor. 


The input to each detector should be capacitively-coupled 
as shown in Figure 4. This prevents any errors due to volt- 
age offsets in the preceding circuitry. The cutoff frequency 
of the resulting high-pass filter should be less than half the 
center frequency of the band of interest. 


Note that a passive low-pass filter is shown at the input to 
each detector in Figure 4. These filters attenuate any clock- 
frequency 
signals 
at 
the 
outputs 
of 
the 
third-octave 


switched-capacitor filters. The typical clock feedthrough at a 
filter output is 10 mV rms, or 40 dB down from a nominal 
1 Vrms signal amplitude. When more than 40 dB dynamic 
range is needed, a passive low-pass filter with a cutoff fre- 
quency about three times the center frequency of the band- 
pass will attenuate the clock feedthrough by about 24 dB, 
yielding about 64 dB dynamic range. The component values 
shown produce a cutoff frequency of 1 kHz; changing the 
capacitor value will alter the cutoff frequency in inverse pro- 
portion to the capacitance. 
The offset voltage of the operational amplifier used in the 
detector will also affect the detector's dynamic range. The 
LF353 used in the circuits in Figure 3 is appropriate for sys- 
tems requiring up to 40 dB dynamic range. 


DISPLAYS 


The output of the detector will drive the input of the display 
circuit. An example of an LED display driver using the 
LM3915 is shown in Figure 5. The LM3915 drives 10 LEOs 
with 3 dB steps between LEOs;the total display range for an 
LM3915 is therefore 27 dB. Two LM3915s can be cascaded 
to yield a total range of 57 dB. See the LM3915 data sheet 
for more information. 


TL/H/11123-12 
FIGURE 4. Examples of detectors for audio signals. (a) Half-wave peak detector. (b) Half-wave average detector. 
(c) Full-wave peak detector. (d) Full-wave average detector. All diodes are 1N914 or 1N4148.lnput RC low-pass filters 
attenuate clock noise from swltched-eapacltor 
filters; values shown are for 1 kHz cutoff frequency. CINshould be at 
least 0.27 ,.F for frequency bands below 50 Hz and 0.1 ,.F for higher frequencies. Power supplies (not shown) should 


be bypassed with at least 0.1 ,.F close to the amplifiers. 
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FIGURE 
5. LED display 
using LM3915 
bar graph driver. 
The Input voltage 
range Is 2V full-scale, 
with 3 dB per step. 


t!lNational 
Semiconductor 


MF4 4th Order Switched Capacitor Butterworth 
Lowpass Filter 


General Description 
The MF4 is a versatile, easy to use, precision 4th order 
Butterworth low-pass filter. Switched-capacitor techniques 
eliminate external component requirements and allow a 
clock-tunable cutoff frequency. The ratio of the clock fre- 
quency to the low-pass cutoff frequency is internally set to 
50 to 1 (MF4-50) or 100 to 1 (MF4-100). A Schmitt trigger 
clock input stage allows two clocking options, either self- 
clocking (via an external resistor and capacitor) for stand- 
alone applications, or for tighter cutoff frequency control an 
external TTL or CMOS logic compatible clock can be ap- 
plied. The maximally flat passband frequency response to- 
gether with a DC gain of 1 VIV allows cascading MF4 sec- 
tions together for higher order filtering. 


Features 


• 
Low Cost 
• 
Easy to use 
• 
B-pin mini-DIP or 14-pin wide-body S.O. 


• 
No external components 
• 
5V to 14V supply voltage 
• 
Cutoff frequency range of 0.1 Hz to 20 kHz 
• 
Cutoff frequency accuracy of ± 0.3% typical 


• 
Cutoff frequency set by external clock 
• 
Separate TTL and CMOS/Schmitt-trigger clock inputs 


TUH/5064-2 


Order Number MF4CN-50 


v· 
or MF4CN.100 
See NS Package Number N08E 


SmaU-Qutline 
Wide-Body Package 


CLKIN 


NC 


CLKR 


NC 


L. SH 


NC 
y- 
,. 


14 
rlLTER IN 


13 
NC 


12 
y+ 


11 
NC 


10 
AGND 


9 
NC 


8 
r1LTEROUT 


Top View 
Order Number MF4CWM·50 
or MF4CWM·100 
see NS Package Number M14B 


- -~----- 
-_._- 
Imrarea 11b sec.) 
220"C 
Office/Distributors 
for availability 
and specifications. 
See AN-450 "Surface Mounting Methods and Their Effect 
Supply Voltage (V+ -V-) 
14V 
on Product Reliability" for other methods of soldering sur- 


Voltage At Any Pin 
V+ + 0.2V 
face mount devices. 


V- 
- 0.2V 


Input Current at Any Pin (Note 14) 
5mA 
Operating Ratings 
(Note 2) 


Package Input Current (Note 14) 
20mA 
Temperature Range 
Tmin 
~ TA 
~ Tmax 
Power Dissipation (Note 15) 
500mW 
MF4CN-50. MF4CN-100 
O"C 
~ TA 
~ 70·C 


Storage Temperature 
150·C 
MF4CWM-50. MF4CWM-100 
O·C 
,;; TA 
~ 70·C 


ESD Susceptibility (Note 13) 
800 V 
Supply Voltage (V+ -V-) 
5V to 14V 


Filter Electrical Characteristics 
The following specifications apply for fCLK ~ 250 kHz (see Note 5) unless 


otherwise specified. Boldface limits apply for TMINto TMAX;all other limits TA = TJ = 25·C. 


MF4-50 
MF4-100 


Parameter 
Conditions 
Typical 
Tested 
Design 
Typical 
Tested 
Design 
Unit 


Limit 
limit 
Limit 
Limit 
(Note 10) 
(Note 11) 
(Note 12) 
(Note 10) 
(Note 11) 
(Note 12) 


Y+ = +5Y, Y- 
= -5Y 


fe•Cutoff Frequency 


I 


Min 
0.1 
0.1 
Hz 
Range (Note 3) 
Max 
20k 
10k 


Supply Current 
felk = 250 kHz 
2.5 
3.5 
3.5 
2.5 
3.5 
3.5 
mA 


Maximum Clock 
Filter Output 
Vin = OV 


Feedthrough 
25 
25 
mV 
(Peak-to-Peak) 


Ho•DC Gain 
Rsouree~ 2 kO 
0.0 
±0.15 
±0.15 
0.0 
±0.15 
±0.15 
dB 


felk/fe. Clock to Cutoff 
49.96 
49.96 
99.09 
99.09 


Frequency Ratio 
! 
±0.3% 
±1% 
±0.3% 
±1.0% 


felk/fe Temperature 
±15 
±30 
ppm/"C 
Coefficient 


Stopband Attenuation (Min) 
at2fe 
-25.0 
-24.0 
-24.0 
-25.0 
-24.0 
-24.0 
dB 


DC Offset Voltage 
-200 
-400 
mV 


Minimum Output Swing 
RL = 10kO 
+4.0 
+3.5 
+3.5 
+4.0 
+3.5 
+3.5 
V 
-4.5 
-4.0 
-4.0 
-4.5 
-4.0 
-4.0 
V 


Output Short Circuit 
I Source 
50 
50 
mA 
Current (Note 8) 
Sink 
1.5 
1.5 
mA 


Dynamic Range (Note 4) 
80 
82 
: 
dB 


Additional Magnitude 
f = 6000 Hz 
-7.57 
-7.57 


Response Test Points 
±0.47 
±0.47 


(Note 6) 
dB 
f = 4500 Hz 
-1.44 
-1.44 


felk = 250 kHz 
±0.12 
±0.12 
= 


f = 3000 Hz 
-7.21 
-7.21 


±0.2 
±0.2 
dB 
f = 2250 Hz 
-1.39 
-1.39 


±0.1 
±0.1 


Filter Electrical Characteristics 
The following specifications apply for fCLK ,;; 250 kHz (see Note 5) unless 
otherwise specified. Boldface limits apply for TMINto TMAX;all other limits TA = TJ = 25°C. (Continued) 


MF4-50 
MF4-100 


Parameter 
Conditions 
Typical 
Tested 
Design 
Typical 
Tested 
Design 
Unit 


Limit 
Limit 
Limit 
Limit 
(Note 10) 
(Note 11) 
(Note 12) 
(Note 10) 
(Note 11) 
(Note 12) 


V+ = +2.5V, V- 
= -2.5V 


fe Cutoff Frequency 
I 
min 
0.1 
0.1 
Hz 
Range (Note 3) 
max 
10k 
5k 


Supply Current 
felk = 250 kHz 
1.5 
2.25 
2.25 
1.5 
2.25 
2.25 
mA 


Maximum Clock 
Feedthrough 
Filter Output 
Vin = OV 
15 
15 
mV 
(Peak-to-Peak) 


Ho•DC Gain 
Rsouree,;; 2 kO 
0.0 
±0.15 
±0.15 
0.0 
±0.15 
±0.15 
dB 


felk/fe. Clock to Cutoff 
50.07 
50.07 
99.16 
99.16 


Frequency Ratio 
±0.3% 
±1.0% 
±0.3% 
±1.0% 


fCLK/fc Temperature 
±25 
±60 
ppm/"C 
Coefficient 


Stopband Attenuation (Min) 
at2fe 
-25.0 
-24.0 
-24.0 
-25.0 
-24.0 
-24.0 
dB 


DC Offset Voltage 
-150 
-300 
mV 


Minimum Output Swing 
RL= 
10kO 
+1.5 
+ 1.0 
+ 1.0 
+1.5 
+1.0 
+1.0 
V 


-2.2 
-1.7 
-1.7 
-2.2 
-1.7 
-1.7 
V 


Output Short Circuit 
I Source 
28 
28 
mA 
Current (Note 8) 
Sink 
0.5 
0.5 
mA 


Dynamic Range (Note 4) 
78 
78 
dB 


Additional Magnitude 
felk = 250 kHz 


Response Test Points 
, 


(Note 6) 
-7.57 
-7.57 
dB 
(fe = 5 kHz) 
f = 6000 Hz 
±0.47 
±0.47 


Magnitude at 
f = 4500 Hz 
-1.46 
-1.46 
±0.12 
±0.12 
dB 


(fe = 2.5 kHz) 
f = 3000 Hz 
-7.21 
-7.21 


Magnitude 
±0.2 
±0.2 
dB 


f = 2250 Hz 
-1.39 
-1.38 
±0.1 
±O.1 


Logic Input-Output 
Characteristics 
The following specifications apply for V- 
= OV(see Note 7) unless 
otherwise specified. Boldface limits apply for TMINto TMAX;all other limits TA = TJ = 25°C. 


Typical 
Tested 
Design 
Parameter 
Conditions 
Limit 
Limit 
Unit 
(Note 10) 
(Note 11) 
(Note 12) 


SCHMITT TRIGGER 


VT+. Positive Going Threshold 
Min 
V+ = 10V 
7.0 
6.1 
6.1 
V 
Voltage 
Max 
8.8 


Min 
V+ = 5V 
3.5 
3.1 
3.1 
V 
Max 
4.4 
4.4 
,. 


Logic Input-Output Characteristics 
The following 
specifications 
apply 
for V- 
= OV (see 
Note 
7) unless 


otherwise 
specified. 
Boldface 
limits 
apply 
for 
T MIN to T MAX; all other 
limits 
T A = tJ = 25°C. 
(Continued) 


Typical 
Tested 
Design 


Parameter 
Conditions 
Limit 
Limit 
Unit 
(Note 
10) 
(Note 
11) 
(Note 
12) 


SCHMITT 
TRIGGER 
(Continued) 
, 


Vr-. 
Negative 
Going 
Threshold 
Min 
V+ 
= 10V 
3.0 
1.3 
1.3 
V 


Voltage 
Max 
3.8 
3.8 


Min 
V+ 
= 5V 
1.5 
0.6 
0.8 
V 
Max 
1.9 
1.9 


Hysteresis 
(Vr+ - Vr -) 
Min 
V+ 
= 10V 
2.3 
2.3 


Max 
4.0 
7.6 
7.8 
V 


Min 
V+ 
= 5V 
2.0 
1.2 
1.2 
V 
Max 
3.8 
3.8 


Minimum 
logical 
"1" 
Output 
Voltage 
10 = 
-10 
p.A 
V+ 
= 10V 
9.0 
9.0 
V 


(pin 2) 
V+ 
= 5V 
4.5 
4.5 
V 


Maximum 
logical 
"0" 
Output 
Voltage 
10 = 10p.A 
V+ 
= 10V 
1.0 
1.0 
V 


(pin 2) 
V+ 
= 5V 
0.5 
0.5 
V 


Minimum 
Output 
Source 
Current 
ClK 
R Shorted 
V+ 
= 10V 
6.0 
3.0 
3.0 
mA 


(pin 2) 
to Ground 
V+ 
= 5V 
1.5 
0.75 
0.75 
mA 


Maximum 
Output 
Sink Current 
ClK 
R Shorted 
V+ 
= 10V 
5.0 
2.5 
2.5 
mA 


(pin 2) 
toV+ 
V+ 
= 5V 
1.3 
0.65 
0.85 
mA 


TTL 
CLOCK 
INPUT, 
CLK 
R PIN (Note 
9) 


Maximum 
Vll. 
logical 
"0" 
Input Voltage 
0.8 
V 


Minimum 
VIH. logical 
"1" 
Input 
Voltage 
2.0 
V 


Maximum 
leakage 
Current 
at ClK 
R Pin 
L. Sh Pin at Mid-Supply 
2.0 
p.A 


Note 1: Absolute Maximum Ratings indicata limits beyond which damage to the device may occur. AC and DC electrical specifications do not apply when operating 
the dev;ce beyond its specified 
operating 
conditions. 


Note 2: All voltages are with respect to GND. 


Note 3: The cutoff frequency 
of the filter is defined as the frequency 
where the magnitude 
response 
is 3.01 dB less than the DC gain of the filter. 


Note 4: For ±5V supplies the dynamic range is referenced 
to 2.82 Vrms (4V peak) where the wideband noise over a 20 kHz bandwidth 
is typically 280 ,u.Vrms for 
the MF4-5Oand 230 "Vrms for the MF4-100. For ±2.5V supplias the dynamic range is referenced to 1.06 Vrms (1.5V peak) where the wideband noise over a 20 
kHz bandwidth is typically 130 "Vrms for both the MF4-5Oand the MF4-100. 


Note 5: The specifications for the MF4 have been given for a clock frequency (fcuo of 250 kHz or less. Above ths clock frequency the cutoff frequency begins to 
deviate from the specified 
error band of ± 0.6% but the filter still maintains its magnitude 
characteristics. 
See Application 
Hints. 


Not. 6: Besides checking 
the cutoff frequency 
(fd and the stopband 
attenuation 
at 2 fe• two additional frequencies 
are used to check the magnitude 
response of 
the filter. The magnitudes 
are referenced 
to a DC gain of 0.0 dB. 


Not. 7: For simplicity all the logic levels have been referenced 
to V- 
= OV (except for the TTL input logic levels). The logic levels will scale accordingly 
for ± 5V 
and ± 2.5V supplies. 


Note 8: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage SoMngand then shorting that output to 
the negative supply. The short circuit sink current is measured 
by forcing the output that is being tested to its maximum negative voltage and then shorting that 
output to the positive supply. These are worst case conditions. 


Note 9: The MF4 is operating with symmetrical 
split supplies and L. Sh is tied to ground. 


Not. 
10: Typicals are at 25°C and represent 
most likely parametric 
norm. 


Nole 11: Guaranteed to National's Averaga Outgoing Quality level (AOOL). 


Note 12: Guaranteed, 
but not 100% production 
tested. These limits are not used to determine 
outgoing QuaJity levels. 


Note 13: Human body model; 100 pF discharged 
through a 1.5 kO resistor. 


Note 14: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN < V- 
or VIN > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package 
input current limits the number of pins that can exceed the power supply boundaries 
with a 5 mA current limit to four. 


Note 15: Thermal Resistance 


9JA(Junction to Ambient) N Package. ......... .10S'C/W . 


9JAM Package ............... 
............. . .. 9S'C/W. 


Typical Performance 
Characteristics 


Power Supply Current 
Power Supply Current 
Power Supply Current 
V8Power Supply Voltage 
V8Clock Frequency 
V8Temperature 


4.0 


TA=25OC J L 


M 


1 
1 
IV 
3.2 


FCLJ(= 250 kHz 
3.2 
3D 
, 
i 
3.6 
Fcue = 250 kHz 
1 
1 
1 
.-'f 
1 
j 
2.Il 
I 
1 
1 
/ 


3D 
i 
I 
§ 
2.Il 
VS=t5.0V ••••• 
TA=25OC 
i 


2.6 
..... 
Vs=t5.0V 


3.2 
II 
, 
" 
B 
j 
B 
2.6 
B 
:u 
•...-- 
i 


2.Il 
II 
i 


:u~ 
~ 


22 
1.1 
22 
2.0 


:u 
i>l 
- 
./ 
2.0 
1.8 


S 
I 
e; 
e; 
••••• Vs=t2·5V 


2.0 
~ 
1.8 
~ 
1.6 
I 
Vs=t2·5V 
~ 
l'I..l 
1.6 


1 
1 
1.4 


1 
1 
1 -. - 
1.6 
1.4 
L.- 
1.2 
2.Il 3D 35 
4.0 45 
5.0 35 
5.0 55 
7D 
100 
500 
1000 
-55 
-15 
25 
85 
125 


POWER5UPPLYVOLTAGE(tv) 
ClOCK FREOUENCY(kHZ) 
TEMPERATVRE(OC) 


P081tlve Voltage Swing 
Negative Voltage Swing 
P081tlve Voltage Swing 
V8 Power Supply Voltage 
V8Power Supply Voltage 
V8Temperature 


6 
TA=25°J 
I 
V 
~ 
1 
I 
1 
uo 


E 
Fcue = 250 kHz 
./ 
E 
E 
4.15 
Vs =t5.OV 
1 


~ 


5 
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POWERSUPPLYVOLTAGE(tV) 
TEMPERATVRE 
(OC) 


Negative Voltage Swing 
fCLK/fc Deviation 
fCLK/fc Deviation 


V8Temperature 
vs Power Supply Voltage 
vs Power Supply Voltage 
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fCLK/fc Deviation 
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V8Clock Frequency 
V8Clock Frequency 
V8Temperature 
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ClOCK FREQUENCY(kHz) 
CLOCKFREQUENCY(kHz) 
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TEMPERATURE(OC) 
TEMPERATURE(OC) 


TUH/50&4-10 


Pin Descriptions 


(Numbers 
in ( ) are for 14-pin package.) 
Pin 
Pin 
Function 
# 
Name 


1 
CLKIN 
(1) 


A CMOS Schmitt-trigger 
input to be used 
with an external 
CMOS 
logic level clock. 
Also used for self clocking 
SChmitt-trigger 
oscillator 
(see section 
1.1). 


CLK R 
A TTLlogic 
level clock input when in split 
supply operation 
( ± 2.5V to ± 7V) with L. Sh 
tied to system 
ground. 
This pin becomes 
a 
low impedance 
output when 
L. Sh is tied to 
V-. 
Also used in conjunction 
with the CLK 
IN pin for a self clocking 
Schmitt-trigger 
oscillator 
(see section 
1.1). The TTL input 
signal must not exceed 
the supply voltages 
by more than 0.2V. 


L. Sh 
Level shift pin; selects 
the logic threshold 
levels for the clock. When tied to V - 
it 
enables 
an internal 
tri-state 
buffer stage 
between 
the Schmitt 
trigger and the internal 
clock 
level shift stage thus enabling 
the 
CLK IN Schmitt-trigger 
input and making the 
CLK R pin a low impedance 
output. 
When 
the voltage 
level at this input exceeds 
25% 
(V + - 
V -) + V - the internal 
tri-state 
buffer is disabled 
allowing 
the CLK R pin to 
become 
the clock 
input for the internal 
clock 
level-shift 
stage. The CLK R threshold 
level is now 2V above the voltage 
on the L. 


Sh pin. The CLK R pin will be compatible 
with TTLlogic 
levels when the MF4 is 
operated 
on split supplies 
with the L. Sh pin 
connected 
to system 
ground. 


5 
FILTER 
The output 
of the low-pass 
filter. lt will 
(8) 
OUT 
typically 
sink 0.9 mA and source 3 mA and 
swing to within 
1V of each supply rail. 


AGND 
The analog 
ground 
pin. This pin sets the DC 
bias level for the filter section 
and must be 
tied to the system 
ground 
for split supply 
operation 
or to mid-supply 
for single supply 
operation 
(see section 
1.2). When tied to 
mid-supply 
this pin should 
be well 
bypassed. 


7,4 
V+, 
V- 
The positive 
and negative 
supply pins. The 
(7,12) 
total power supply range is 5V to 14V. 
Decoupling 
these pins with 0.1 /LF 
capacitors 
is highly recommended. 


8 
FILTER 
The input to the low-pass 
filter. To minimize 
(14) 
IN 
gain errors the source 
impedance 
that 
drives this input should 
be less than 2K (see 
section 
1.3 of the Application 
Hints). For 
single supply operation 
the input signal 
must be biased to mid-supply 
or AC coupled 
through 
a capacitor. 


1.0 MF4 Application 
Hints 


The MF4 is a non-inverting 
unity gain low-pass 
fourth-order 
Butterworth 
switched-capacitor 
filter. 
The 
switched-capaci- 
tor 
topology 
makes 
the 
cutoff 
frequency 
(where 
the 
gain 
drops 
3.01 dB below 
the 
DC gain) 
a direct 
ratio 
(100:1 
or 


50:1) 
of the clock 
frequency 
supplied 
to the filter. 
Internal 
integrator 
time 
constants 
set 
the 
filter's 
cutoff 
frequency. 


The resistive 
element 
of these 
integrators 
is actually 
a ca- 
pacitor 
which 
is "switched" 
at the 
clock 
frequency 
(for a 
detailed 
discussion 
see Input 
Impedance 
Section). 
Varying 
the clock 
frequency 
changes 
the value 
of this resistive 
ele- 
ment 
and 
thus 
the 
time 
constant 
of the 
integrators. 
The 
c1ock-to-cutoff-frequency 
ratio (fCLKfcl is set by the ratio of 
the 
input 
and feedback 
capacitors 
in the 
integrators. 
The 
higher the c1ock-to-cutoff-frequency 
ratio the closer 
this ap- 
proximation 
is to the theoretical 
Butterworth 
response. 
The 
MF4 is available 
in fCLK/fc 
ratios of 50:1 (MF4-50) 
or 100:1 
(MF4-100). 


1.1 CLOCK 
INPUTS 


The MF4 has a Schmitt-trigger 
inverting 
buffer which 
can be 
used to construct 
a simple 
R/C 
oscillator. 
Pin 3 is connect- 


ed to V- 
which 
makes 
Pin 2 a low impedance 
output. 
The 
oscillator's 
frequency 
is nominally 


1 


fCLK = RC In [(VCC 
- 
Vr-) 
(Vr+)] 
VCC - 
Vr+ 
Vr- 


which, 
is typically 


1 
fCLK '" 
1.69 RC 


forVcc 
= 10V. 


Note that fCLK is dependent 
on the buffer's 
threshold 
levels 
as well 
as the 
resistor/capacitor 
tolerance 
(see Figure 
1). 


Schmitt-trigger 
threshold 
voltage 
levels 
can change 
signifi- 
cantly 
causing 
the R/C oscillator's 
frequency 
to vary greatly 
from 
part to part. 


Where 
accurate 
cutoff 
frequency 
is required, 
an 
external 


clock 
can be used to drive the CLK R input of the MF4. This 
input is TTLlogic 
level compatible 
and also presents 
a very 
light load to the external 
clock 
source 
(- 
2 /LA). With 
split 


supplies 
and the 
level 
shift 
(L. Sh) tied to system 
ground, 


the 
logic 
level 
is about 
2V. (See the 
Pin Description 
for L. 


Sh). 


1.2 POWER 
SUPPLY 


The MF4 can be powered 
from a single supply 
or split sup- 


plies. The split supply 
mode 
shown 
in Figure 2 is the most 
flexible 
and easiest 
to implement. 
Supply 
voltages 
of ± 5V 
to ± 7V enable 
the use of TTL or CMOS 
clock 
logic levels. 


Figure 
3 shows 
AGND 
resistor-biased 
to V+ /2 
for single 
supply operation. 
In this mode only CMOS clock 
logic levels 
can be used, and input signals 
should 
be capacitor-coupled 
or biased 
near mid-supply. 


1.3 INPUT IMPEDANCE 


The MF4 low-pass 
filter 
input (FILTER 
IN) is not a high im- 


pedance 
buffer 
input. This input is a switched-capacitor 
re- 
sistor 
equivalent, 
and 
its effective 
impedance 
is inversely 
proportional 
to the clock frequency. 
The equivalent 
circuit of 
the filter's 
input can be seen in Figure 4. The input capacitor 
charges 
to Vin during the first half of the clock 
period; 
during 
the 
second 
half the charge 
is transferred 
to the feedback 
capacitor. 
The total transfer 
of charge 
in one clock 
cycle 
is 
therefore 
Q = CinVin, and since 
current 
is defined 
as the 
flow 
of charge 
per unit time, the average 
input current 
be- 
comes 
,. 


1.0 MF4 Application 
Hints (Continued) 


(where T equals one clock period) or 


CinVin 
lin = -T- 
= CinVinfCLK 


The equivalent input resistor (Rin)then can be expressed as 


Vin 
1 
Rin=-=--- 
lin 
CinfCLK 


The input capacitor is 2 pF for the MF4-50 and 1 pF for the 
MF4-1oo, so for the MF4-100 
1 x 1012 
1 X 1012 
1 X 1010 
Rin = --- 
= --- 
= --- 
fCLK 
fe X 100 
fe 


5 X 1011 
5 X 1011 
1 X 1010 
Rin = --- 
= --- 
= --- 
fCLK 
fe X 50 
fe 


for the MF4-50. The above equation shows that for a given 
cutoff frequency (fel, the input resistance of the MF4-50 is 
the same as that of the MF4-100. The higher the clock-to- 
cutoff-frequency ratio, the greater equivalent input resist- 
ance for a given clock frequency. 


This input resistance will form a voltage divider with the 
source impedance (Rsouree).Since Rin is inversely propor- 
tional to the cutoff frequency, operation at higher cutoff fre- 
quencies will be more likely to load the input signal which 
would appear as an overall decrease in gain to the output of 
the filter. Since the filter's ideal gain is unity, the overall gain 
is given by: 


A 
_ 
Rin 
v- Rin + Rsouree 


If the MF4-50 or the MF·l00 were set up for a cutoff fre- 
quency of 10kHz the input impedance would be: 


1 X 1010 
Rin = 
10kHz 
= 1 Mfi 


In this example with a source impedance of 10K the overall 
gain, if the MF4 had an ideal gain of 1 or 0 dB, would be: 
1 Mfi 
Av = 10 kfi + 1 Mfi = 0.99009 or -0.086 dB 


Since the maximum overall gain error for the MF4 is 
± 0.15 dB with Rs ,;; 2 kfi the actual gain error for this case 
would be +0.06 dB to -0.24 
dB. 


1.4 CUTOFF 
FREQUENCY 
RANGE 


The filter's cutoff frequency (fel has a lower limit due to 
leakage currents through the internal switches draining the 
charge stored on the capacitors. At lower clock frequencies 
these leakage currents can cause millivolts of error, for ex- 
ample: 


fCLK= 100 Hz, Ileakage= 1 pA, C = 1 pF 


V= 
1 pA 
= 10mV 
1 pF (100 Hz) 


The propagation delay in the logic and the settling time re- 
quired to acquire a new voltage level on the capacitors limit 
the filter's accuracy at high clock frequencies. The ampli- 
tude characteristic on ± 5V supplies will typically stay flat 
until fCLKexceeds 750 kHz and then peak at about 0.5 dB 
at the corner frequency with a 1 MHz clock. As supply volt- 
age drops to ± 2.5V, a shift in the fCLK/fe ratio occurs 


which will become noticeable when the clock frequency ex- 
ceeds 250 kHz. The response of the MF4 is still a good 
approximation of the ideal Butterworth low-pass characteris- 
tic shown in Figure 
5. 


2.0 Designing With The MF4 
Given any low-pass filter specification, two equations will 
come in handy in trying to determine whether the MF4 will 
do the job. The first equation determines the order of the 
low-pass filter required to meet a given response specifica- 
tion: 


n = log [(100.1Amin- 
1)/(100.1Amax - 
1)) 


2 log (fs/fb) 
where n is lhe order of the filter, Aminis the minimum stop- 
band attenuation (in dB) desired at frequency fs, and Amaxis 
the passband ripple or attenuation (in dB) at cutoff frequen- 
cy fb. If the result of this equation is greater than 4, more 
than a single MF4 is required. 
The attenuation at any frequencY can be found by the fol- 
lowing equation: 
Attn (I) = 10 log [1 + (100.1Amax- 
1) (f/fb)2n) dB (3) 


where n = 4 for the MF4. 


2.1 A LOW-PASS 
DESIGN 
EXAMPLE 
Suppose the amplitude response specification in Figure 6 is 
given. Can the MF4 be used? The order of the Butterworth 
approximation will have to be determined using (1): 


Amin = 18 dB, Amax = 1.0 dB, fs = 2 kHz, and fb = 1 kHz 
log [(101.8 - 
1)/(100.1 - 
1)) 
n = 
210g(2) 
= 3.95 


Since n can only take on integer values, n = 4. Therefore 
the MF4 can be used. In general, if n is 4 or less a single 
MF4 stage can be utilized. 
Likewise, the attenuation at fs can be found using (3) with 
the above values and n = 4: 
Attn (2 kHz) = 10 log [1 + 100.1- 
1) (2 kHz/l 
kHz)8) = 


18.28 dB 


This result also meets the design specification giv.enin Fig- 
ure 6 again verifying that a single MF4 section will be ade- 
quate. 


Since the MF4's cutoff frequency (fel, which corresponds to 
a gain attenuation of -3.01 
dB, was not specified in this 
example, it needs to be calculated. Solving equation 3 
where f = fe as follows: 


f 
= f 
[(100.1(3.01dB) - 
1]l/(2n) 


e 
b -(-10-0-.1-A-m-ax---l)- 


[ 
100.301 - 
1]1/8 
= 1 kHz 
100.1_ 1 


= 1.184 kHz 


where fe = fCLK/50 or fCLK/l00. To implement this exam- 
ple for the MF4-50 the clock frequency will have to be set to 
fCLK= 50(1.184 kHz) = 59.2 kHz, or for the MF4-100, fCLK 
= 100 (1.184 kHz) = 118.4 kHz. 


2.2 CASCADING 
MF4s 


When a steeper stopband attenuation rate is required, two 
MF4s can be cascaded (Figure 
7) yielding an 8th order 


2.0 Designing With The MF4 (Continued) 


slope 
of 48 dB per octave. 
Because 
the 
MF4 is a Butter- 
worth filter and therefore 
has no ripple in its passband 
when 
MF4s are cascaded, 
the resulting 
filter also has no ripple in 
its passband. 
Likewise 
the DC and passband 
gains will re- 
main at1VIV. 
The resulting 
response 
is shown 
in Figure 
9. 


In determining 
whether 
the cascaded 
MF4s will yield a filter 
that will meet a particular 
amplitude 
response 
specification, 
as above, 
equations 
3 and 4 can be used, shown 
below. 


n = log[(100.05Amin 
- 
1)/(10.0.05Amax 
- 
1)] 


2 log (fs/fel 
(2) 


Attn (f) = 10 log [1 + (100.05Amax 
- 
1) (f/fel2) 
dB 
(3) 


where 
n = 4 (the order 
of each filter). 


Equation 
2 will determine 
whether 
the order 
of the filter 
is 
adequate 
(n ,,; 4) while equation 
3 can determine 
the actual 
stopband 
attenuation 
and cutoff 
frequency 
(fel necessary 
to 
obtain 
the desired 
frequency 
response. 
The design 
proce- 
dure would 
be identical 
to the one shown 
in section 
2.0. 


2.3 CHANGING 
CLOCK 
FREQUENCY 
INSTANTANEOUSLY 


The MF4 will respond 
favorably 
to an instantaneous 
change 
in clock frequency. 
If the control 
signal in Figure 9 is low the 


3 


L.SH 


MF4-50 
has a 100 kHz clock 
making 
fe = 2 kHz; when 
this 
signal 
goes 
high 
the 
clock 
frequency 
changes 
to 50 kHz 
yielding 
fe = 
1 kHz. As the 
Figure 
illustrates, 
the 
output 
signal 
changes 
quickly 
and smoothly 
in response 
to a sud- 
den change 
in clock 
frequency. 


The step response 
of the MF4 in Figure 
10 is dependent 
on 
fe. The 
MF4 
responds 
as a classical 
fourth-order 
Butter- 
worth 
low-pass 
filter. 


2.4 ALIASING 
CONSIDERATIONS 


Aliasing 
effects 
have 
to be considered 
when 
input 
signal 
frequencies 
exceed 
half the sampling 
rate. For the MF4 this 
equals 
half the clock 
frequency 
(fCLK). When 
the input sig- 
nal contains 
a component 
at a frequency 
higher 
than 
half 
the clock 
frequency 
fCLK/2, 
as in Figure 
118, that 
compo- 
nent 
will 
be 
"reflected" 
about 
fCLK/2 
into 
the 
frequency 
range 
below 
fCLK/2, 
as in Figure 
11b. If this component 
is 
within 
the passband 
of the filter and of large enough 
ampli- 
tude it can cause 
problems. 
Therefore, 
if frequency 
compo- 
nents in the input signal exceed 
fCLK2 they must be attenu- 
ated before 
being applied 
to the MF4 input. The necessary 
amount 
of attenuation 
will vary 
depending 
on 
system 
re- 
quirements. 
In critical 
applications 
the 
signal 
components 
above 
fCLK/2 
will have to be attenuated 
at least 
to the fil- 
ter's 
residual 
noise 
level. 
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FIGURE 10. MF4-50 Input Step Response 


IS 


2 


FREQUENCY 
~+, 
2 
Is 


2 


FREQUENCY 
. 


TLIH/5064-16 
TLIH/5064-17 


(a) Input signal spectrum 
(b) Output signal spectrum. Note that the Input signal at 
fc/2 + f causes an output signal to appear at fc/2 - 1. 


FIGURE11.The phenomenon of aliasing In sampled-data systems. An input signal whose 
frequency Is greater than one-half the sampling frequency will cause an output to appear 
at a frequency lower than one-half the sampling frequency. In the MF4,f. = felK. 
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General Description 


The MF5 consists 
of an extremely 
easy to use, general 
pur- 


pose CMOS 
active 
filter bUilding block 
and an uncommitted 
op amp. The filter 
building 
block, 
together 
with an external 


clock and a few resistors, 
can produce 
various 
second 
order 


functions. 
The filter bUilding block 
has 3 output 
pins. One of 


the output 
pins can be configured 
to perform 
highpass, 
all- 


pass 
or notch 
functions 
and 
the 
remaining 
2 output 
pins 
perform 
bandpass 
and 
lowpass 
functions. 
The 
center 
fre- 
quency 
of the filter 
can be directly 
dependent 
on the clock 


frequency 
or it can 
depend 
on 
both 
clock 
frequency 
and 


external 
resistor 
ratios. 
The 
uncommitted 
op amp 
can 
be 


used 
for 
cascading 
purposes, 
for 
obtaining 
additional 
all- 


pass and notch 
functions, 
or for various 
other 
applications. 


Higher 
order 
filter 
functions 
can be obtained 
by cascading 


several 
MF5s 
or by using 
the 
MF5 
in conjuction 
with 
the 
MF10 
(dual 
switched 
capacitor 
filter 
building 
block). 
The 


MF5 
is functionally 
compatible 
with the 
MF10. 
Any of the 


classical 
filter 
configurations 
(such 
as Butterworth, 
Bessel, 
Cauer and Chebyshev) 
can be formed. 


Block and Connection 
Diagrams 


Y- 
y+ N/AP/HP 
910 
?6 
2 


BP 


N/AP/HP 


Features 


• 
Low cost 
• 
14-pin 
DIP 
or 
14-pin 
Surface 
Mount 
(SO) 
wide-body 


package 


• 
Easy to use 
• 
Clock 
to center 
frequency 
ratio accuracy 
±0.6% 


• 
Filter 
cutoff 
frequency 
stability 
directly 
dependent 
on 
external 
clock 
quality 


• 
Low sensitivity 
to external 
component 
variations 


• 
Separate 
highpass 
(or notch 
or allpass), 
bandpass, 
low- 


pass outputs 


• 
fo xa range 
up to 200 kHz 


• 
Operation 
up to 30 kHz (typical) 


• 
Additional 
uncommitted 
op-amp 


~ 


12 
13 


INY2 
- A2 
Y 
AGND 
D2 


LP 


Voz 


INV2 
Order 
Number 
MF5CN 


11 
AGND 
See NS Package 
Number 
N14A 


Order 
Number 
MF5CWM 
10 
V- 
See NS Package 
Number 
M14B 


9 
50/100 


8 
eLK 


TL/H/5066-2 


- 
Supply Voltage (V+ - V-) 
14V 
Input Voltage (any pin) 
V- 
,;; Vin';; V+ 


Power Dissipation TA = 2S'C (note 1) 
SOOmW 
Operating Temp. Range 
TMIN';; TA';; TMAX 
Storage Temp. 
1S0'C 
MFSCN,MFSCWM 
O'C ,;; TA ,;; 70'C 


Soldering Information: 
N Package: 
10 sec. 
260'C 


SO Package: 
Vapor phase (60 sec.) 
21S'C 
Infrared (1Ssec.) 
220'C 


Electrical Characteristics 
v+ 
= sv ± O.S%,v- 
= -sv 
± O.S%unless otherwise noted. Boldface limits 
apply over temperature, TMIN ,;; TA ,;; TMAX.For all other limits TA = 2S'C. 


Typical 
Tested 
Design 


Parameter 
Conditions 
Limit 
Limit 
Units 
(Note 6) 
(Note 7) 
(Note 8) 


Supply Voltage 
I 
Min 
8 
V 
(V+ - V-) 
I 
Max 
14 
V 


Maximum Supply Current 
Clock applied to Pin 8 
4.S 
6.0 
mA 


No Input Signal 


Clock 
I 
Filter Output 
10 
mV 
Feedthrough I 
Op-amp Output 
10 
mV 


Filter Electrical Characteristics 
v+ 
= sv± 
O.S%,v- 
= -sv± 
o.s% unless otherwise noted. Boldface 
limits apply over temperature, TMIN ,;; TA ,;; TMAX-For all other limits TA = 2S'C. 


Typical 
Tested 
Design 


Parameter 
Conditions 
Limit 
Limit 
Units 
(Note 6) 
(Note 7) 
(NoteS) 


Center Frequency 
Max 
30 
20 
kHz 
Range (fo) 
f--- 


Min 
0.1 
0.2 
Hz 


Clock Frequency 
~ 
l.S 
1.0 
MHz 
Range (fCLKl 
Min 
S.O 
10 
Hz 


Clock to Center 
Ideal 
Vpin9= +SV 
SO.11± 0.2% 
SO.11± 1.S% 
Frequency Ratio 
0=10 
FCLK= 2S0 kHz 


(fCLK/fo) 
Mode 1 
Vpin9= -SV 
FCLK=SOOkHz 
100.04 ± 0.2% 
100.04 ± l.S% 


fCLK/fo Temp. 
Vpin9 = +SV 
±10 
ppm/'C 
Coefficient 
(SO:1ClK ratio) 


Vpin9= -SV 
±20 
ppm/'C 
(100:1 ClK ratio) 


o Accuracy (Max) 
Ideal 
Vpin9= +SV 
±10 
% 
(Note 2) 
0=10 
FCLK=2S0 kHz 


Mode 1 
Vpin9= -SV 
±10 
% 
FCLK= SOOkHz 


o Temperature 
Vpin9=·+SV 
-200 
ppm/'C 
Coefficient 
(SO:1ClK ratio) 
, 


Vpin9= -SV 
-70 
ppm/'C 
(100:1 ClK ratio) 


DC lowpass Gain 
Mode 1 
±0.2 
dB 
Accuracy (Max) 
R1 = R2 = 10kO 


DC Offset 
VOS1 
±S.O 
mV 
Voltage (Max) 


I Vos2 
Vpin9= +SV 
-18S 
mV 


Vol3 
(50:1 ClK ratio) 
~ 
+11S 
mV 


(Note 3) 
~ 
Vpin9 = -5V 
-310 
mV 


Vos3 
(100:1 ClK ratio) 
+240 
mV 


II 


Filter Electrical Characteristics 
v+ 
= 5V ± 0.5%, 
V- 
= 
-5V 
± 0.5% 
unless otherwise 
noted. 
Boldface 


limits 
apply 
over 
temperature, 
TMIN ,;; TA ,;; TMAX. For all other limits TA = 25'C. 
(Continued) 


Typical 
Tested 
Design 
Parameter 
, 


Conditions 
Limit 
Limit 
Units 
(Note 
6) 
(Note 
7) 
(Note 
8) 


Output 
I 
BP, LP pins 
RL = 5kfi 
±4.0 
±3.8 
V 


Swing (Min) 
I 
N/AP/HPpin 
,,- 
RL = 3.5kfi 
±4.2 
±3.8 
V 


Vpin9= 
+5V 
83 
dB 


Dynamic 
Range 
(50:1 CLK ratio) 


(Note 4) 
Vpin9= 
-5V 
80 
. 
dB 


(100:1 CLK ratio) 


Maximum 
Output 
Short Circuit 
I 
Source 
20 
mA 


Current 
(Note 5) 
I 
Sink 
3.0 
mA 


OP-AMP Electrical Characteristics 
v+ 
= 
+5V 
±0.5%, 
v- 
= 
-5V 
±0.5% 
unless other 
noted. Bold· 
face 
limits 
apply 
over 
temperature, 
TMIN ,;; TA ,;; TMAX. For all other limits TA = 25'C. 


Typical 
Tested 
Design 
Parameter 
Conditions 
Limit 
Limit 
Units 
(Note 
6) 
(Note 
7) 
(Note 
8) 


Gain Bandwidth 
Product 
2.5 
MHz 


Output Voltage 
Swing (Min) 
RL = 3.5 kfi 
±4.2 
±3.8 
V 


Slew Rate 
7.0 
V/",s 


DC Open-Loop 
Gain 
80 
db 


Input Offset 
Voltage 
(Max) 
±5.0 
±20 
mV 


Input Bias Current 
" 
10 
•.• f 
pA 


Maximum 
Output 
Source 
20 
mA 
Short Circuit 
Current 
(Note 5) 
Sink 
,.1, 
3.0 
mA 


Logic Input Characteristics 
Boldface 
limits 
apply 
over 
temperature, 
TMIN ,;; TA ,;; TMAX. 


All other 
limits TA = 
25'C. 


Typical 
Tested 
Design 
Parameter 
Conditions 
Limit 
Limit 
Units 
(Note 
6) 
(Note 
7) 
(Note 
8) 


CMOS Clock 
Min Logical 
"1" 
3.0 
V 
Input 
Input Voltage 
V+ 
= 
+5V, 
V- 
= 
-5V, 
, 


Max Logical 
"0" 
VL.Sh. =OV 
-3.0 
V 


Input Voltage 


Min Logical 
"1" 
,. 
8.0 
V 


Input Voltage 
V+ 
= 
+10V, 
V- 
= OV, 


Max Logical 
"0" 
VL.Sh. = 
+5V 
2.0 
V 


Input Voltage 
j. 


TTLClock 
Min Logical 
"1" 
2.0 
V 
Input 
Input Voltage 
V+ 
= 
+5V, 
V- 
= 
-5V, 


Max Logical 
"0" 
VL.Sh. = OV 
0.8 
V 


Input Voltage 


Note 1:The typicaliunction-to-ambientthermalresistance(8JAl of the 14 pin N packageis 16O"Cffl, 
and 8'Z'C/W for the M package. 


Note 
2: The accuracy 
of the 
Q value 
is a function 
of the center 
frequency 
(fa). This is iIIustfated 
in the curves 
under 
the heading 
"Typical 
Perlormance 
Characteristics", 


Note 3: Vos1. Vos2. and V0s3 refer to the internal offsets as discussed 
in the Application 
Information 
section 3.4. 
Note 4: For ±5V suppliesthe dynamicrangeis referencedto 2.82Vrms(4Vpeak)wherethe widebandnoiseovera 20 kHzbandwidthis typically200 !LVrmsfor 
the MF5with a 50:1ClK ratioand 280 !LVrmslor the MF5wilh a 100:1ClK ratio. 


Note 5: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negativesupply.The shortcircuitsinkcurrentis measuredby forcingthe outputthat is beinglested to itamaximumnegativevoltageswingand then shorting 
that output to the positive supply. These are the worst case condrtions. 


Note e: lyp;eals 
are at 25°C and represent 
most likely parametric 
norm. 


Note 7: Guaranteedand 100%tested. 
Note.: Guaranteed,but not 100% tested.Theselim~sare nol used10calculateoutgoingqualitylevels. 


.'. 


Pin Description 
LP(14), BP(1), 
The second 
order lowpass, 
bandpass, 


NI AP/HP(2): 
and notch/allpass/highpass 
outputs. 
The 
LP and BP outputs 
can typically 
sink 1 mA 
and source 3 mA. The NI AP/HP 
output 
can typically 
sink 1.5 mA and source 3 
mA. Each output typically 
swings to within 
1V of each supply. 
INV1 (3): 
The inverting 
input of the summing 
op 
amp of the filter. This is a high impedance 
input, but the non-inverting 
input is 
internally 
tied to AGND, 
making 
INV1 
behave 
like a summing 
junction 
(low 
impedance 
current 
input). 
S1 (4): 
S1 is a signal input pin used in the allpass 
filter configurations 
(see modes 4 and 5). 
The pin should 
be driven with a source 
impedance 
of less than 1 k!l. 
If S1 is not 
driven with a signal it should 
be tied to 
AGND (mid-supply). 
SA(5): 
This pin activates 
a switch that connects 
one of the inputs of the filter's 
second 
summer 
to either AGND (SA tied to V -) 
or to the lowpass 
(LP) output 
(SA tied to 
V +).This offers the flexibility 
needed 
for 
configuring 
the filter in its various 
modes 
of operation. 
50/100(9): 
This pin is used to set the internal 
clock to 
center 
frequency 
ratio (fCLK/fo) of the 
filter. By tying the pin to V + an fCLK/fo 
ratio of about 50:1 (typically 
50.11 ± 
0.2%) 
is obtained. 
Tying the 50/100 
pin to 
either AGND or V - 
will set the fCLK/fo 
ratio to about 
100: 1 (typically 
100.04 ± 
0.2%). 


AGND(11): 
This is the analog ground 
pin. This pin 
should 
be connected 
to the system 
ground 
for dual supply operation 
or biased 
to mid-supply 
for single supply operation. 


For a further 
discussion 
of mid-supply 
biasing techniques 
see the Applications 
Information 
(Section 
3.2). For optimum 


filter performance 
a "clean" 
ground 
must 
be prOVided. 


Deviation 
of FCLK VB Nominal 
Q 
Fe 


1.0 


V+(6), 
V-(10): 
These 
are the positive 
and negative 
supply pins. The MF5 will operate 
over a 
total supply range of 8V to 14V. 
Decoupling 
the supply pins with 0.1 ",F 
capacitors 
is highly recommended. 


CLK(8): 
This is the clock input for the filter. CMOS 
orTTL 
logic level clocks 
can be 
accomodated 
by setting 
the L. Sh pin to 
the levels described 
in the L. Sh pin 
description. 
For optimum 
filter 
performance 
a 50% duty cycle clock 
is 
recommended 
for clock frequencies 
greater 
than 200 kHz. This gives each op 
amp the maximum 
amount 
of time to 
settle to a new sampled 
input. 


L. Sh(7): 
This pin allows the MF5 to accommodate 
either CMOS or TTL logic level clocks. 
For 


dual supply operation 
(Le., ± 5V), a CMOS 
or TTL logic level clock can be accepted 
if 


the L. Sh pin is tied to mid-supply 
(AGND), 


which should 
be the system 
ground. 


For single supply operation 
the L. Sh pin 


should 
be tied to mid-supply 
(AGND) 
for a 


CMOS logic level clock. The mid-supply 
bias should 
be a very low impedance 
node. See Applications 
Information 
for 
biasing techniques. 
For a TTL logic level 


clock the L. Sh pin should 
be tied to V- 
which should 
be the system 
ground. 


INV2(12): 
This is the inverting 
input of the 
uncommitted 
op amp. This is a very high 


impedance 
input, but the non-inverting 
input is internally 
tied to AGND, 
making 
INV2 behave 
like a summing 
junction 
(low-impedance 
current 
input). 


V02(13): 
This is the output 
of the uncommitted 
op 
amp. It will typically 
sink 1.5 mA and 
source 
3.0 mA. It will typically 
swing to 
within 
1V of each supply. 


Deviation 
of FCLK VB Nominal 
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VB Temperature 
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1.0 Definitions of Terms 


fCLK: the frequency 
of the external 
clock 
signal 
applied 
to 
pin 8. 


fa: center 
frequency 
of the second 
order 
function 
complex 
pole pair. fa is measured 
at the bandpass 
output of the MF5, 
and is the frequency 
of maximum 
bandpass 
gain. (Figure 
1). 


fnotch: 
the frequency 
of minimum 
(ideally 
zero) 
gain at the 
notch 
output. 


fz: the center 
frequency 
of the second 
order 
complex 
zero 
pair, if any. If fz is different 
from fa and if Qz is high, it can be 


>' 
HOBp 


~ 
0.707 
HOBr 
~ 


Il I, '" 
I (LOGSCALE) 
TL/H/5066-5 


the 
- 3dB bandwidth 
of the 2nd order 
bandpass 
filter 
(Fig- 
ure 
1). The value 
of Q determines 
the 
shape 
of the 
2nd 
order filter responses 
as shown 
in Figure 
6. 


Qz: the quality factor 
of the second 
order complex 
zero pair, 


if any. Qz is related 
to the 
all pass 
characteristic, 
which 
is 
written: 


HOAP ( s2 - 
s~zo + w02 ) 


HAP(S) = --------- 


s2 + sWo + w02 
Q 


where Qz = Q for an all-pass 
response. 


HOBP: the gain (in VIV) of the bandpass 
output 
at f = fo· 


HOLp: the gain (in VIV) of the lowpass 
output 
as f - 
0 Hz 
(Figure 2). 


HOHP: 
the 
gain 
(in 
VIV) 
of 
the 
highpass 
output 
as 


f 
- 
fclk/2 
(Figure 
3). 


HON: the gain (in VIV) of the notch output 
as f - 
0 Hz and 
as f 
- 
fclk/2, 
when 
the notch 
filter has equal gain above 
and below 
the center 
frequency 
(Figure 
4). 
When 
the low- 


frequency 
gain differs 
from 
the 
high-frequency 
gain, 
as in 
modes 
2 and 3a (Figures 
11 and 8), 
the two quantities 
be- 
low are used in place 
of HON. 


HON1: the gain (in V IV) of the notch 
output 
as f - 
0 Hz. 


HON2: the gain (irl VIV) of the notch 
output 
as f - 
fClk/2. 
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FIGURE 
4. 2nd-Order 
Notch 
Response 
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FIGURE 
5. 2nd-Order 
All-Pass 
Response 
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(b) Low-Pass 
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FIGURE 
6. Responses 
of various 
2nd-order 
filters 
as a function 
of Q. Gains 
and center 
frequencies 
are normalized 
to unity. 
,. 


2.0 Modes of Operation 


The 
MF5 
is a switched 
capacitor 
(sampled 
data) 
filter. 
To 


fully describe 
its transfer 
functions, 
a time domain 
approach 


is appropriate. 
Since 
this 
is cumbersome, 
and 
since 
the 


MF5 
closely 
approximates 
continuous 
filters, 
the following 


discussion 
is based 
on the well 
known 
frequency 
domain. 
Each MF5 can produce 
a full 2nd order function. 
See Table 


1 for a summary 
of the characteristics 
of the various 
modes. 


MODE 
1: Notch 
1, Bandpass, 
Lowpass 
Outputs: 


'notch = '0 (See Figure 7) 


fo 
= center 
frequency 
of the complex 
pole pair 


= fClK or fClK 
100 
50 


fnotch = center 
frequency 
of the imaginary 
zero pair = fo. 


R2 


HOlP = Lowpass 
gain (as f --+ 0) = - R1 


R3 


Hosp = Bandpass 
gain (at f = fo) = 
R1 


= Notch output gain as f --+ 0 


f --+ fClK/2 
} 


= ~= 
R3 
BW 
R2 


BW 
= the 
- 3 dB bandwidth 
of the bandpass 
output. 


Circuit 
dynamics: 


Hosp 
HOlP = --a or Hosp = HOlP 
X 0 = HON X O. 


HOlP(peak) 
'" 0 X HOlP (for high O's) 


MODE 1a: Non-Inverting 
BP, LP (See FigureS) 


fo 
= fClK or fClK 


100 
50 


R3 


R2 
-1; HOlP(peak) 
'" 0 X HOlP 
(for high O's) 


R3 


R2 


HOSP2 
1 (non-inverting) 


Circuit 
dynamics: 
HOSP1 = 0 


Note: VIN should 
be driven 
from a low impedance 
« 
1 kO) 


MODE 2: Notch 2, Bandpass, Lowpass: fnotch<fo 


(See Figure 
9 ) 


10 
= center 
Irequency 


= IClK ~R2 
+ 1 or IClK ~R2 
+ 1 


100 
R4 
50 
R4 


Inotch = IClK or IClK 


100 
50 


a 
= quality 
lactor 
01 the complex 
pole pair 


~R2/R4 + 1 


R2/R3 


HOlP 
= Lowpass 
output 
gain (as I 
-- 
0) 


R2/Rl 


R2/R4 + 1 


Hosp 
= Bandpass 
output 
gain (at I = 10) = 
-R3/Rl 


HON1 = Notch 
output 
gain (as I 
-- 
0) 


R2/R1 


R2/R4 + 1 


HON2 = Notch 
output 
gain 
(as 
I __ 
IC~K) 
= - R2/R1 


Filter dynamics: 
Hosp = a ~HOlP HON2 = a ~HON1 HON2 


MODE 3: Highpass, Bandpass, Lowpass Outputs 


(See Figure 
10) 


= IClK 
X 
fR2 or IClK x 
fR2 
100 
VRi. 
50 
VRi. 
= quality 
lactor 
01 the complex 
pole pair 


= 
fR2 x R3 
VRi. 
R2 


HOHP = Highpass 
gain 
( as I __ 
IC~K) 
= 
:~ 


R3 
R1 


R4 
R1 


Circuit dynamics: 
R2 = HOHP; Hosp = ~HOHP X HOlP 
X a 


R4 
HOlP 


HOlP(peak) 
"" a x HOlP 
(lor high a's) 


HOHP(peak) "" a x HOHP (lor high a's) 


·In Mode 3, the feedback 
loop is closed around 


the input summing amplifier; the finite GBW prod- 
uct of this op amp causes 
a slight 
Q enhance- 


ment. If this is a problem, connect a small capaci- 
tor (10 pF-100 
pF) across R4 to provide 
some 


phase iead. 
• 


(See Figure 11) 


= 
fCLK X 
fR2 or fCLK x 
fR2 
100 
"V R4 
50 
"V R4 


= 
fR2 x R3 


"V R4 
R2 


R2 


R1 


R3 


R1 


R4 


R1 


= 
notch 
frequency 
= 
fCLK 
fRh or fCLK 
fRh 
100 "V R;" 
50 "V R;" 


= 
gain of notch 
at f=fo= 
110 ( ~ 
HOLP-~ 
HOHP ) II 


= 
gain of notch 
(as f -+ 
0) = !:!s X HOLP 
RI 


. 
( 
fCLK) 
!:!s 
= 
gain of notch 
as f -+ -- 
= 
- 
X HOHP 
2 
Rh 


Figure 12) 


= 
center 
frequency 


= 
fCLK or fCLK. 
100 
50 • 
fi = center 
frequency 
of the complex 
zero pair" 
fo 


fo 
R3 


= BW = R2; 


. 
. 
R3 
Oz = 
quality 
factor 
of complex 
zero pair 
= R1 


For AP output 
make 
R1 = 
R2 


H"OAP= 
Atlpassgain 
(ato 
< f < fC~K) 
= 
:~ 
-1 


HOLP 
Lowpass 
gain (as f -+ 
0) 


- (:~ + 1) = -2 


Hosp 
= 
Bandpass 
gain (at f = 
fo) 


= _ R3 (1 + R2) 
= -2 
(R3) 
R2 
R1 
R2 


Circuit 
dynamics: 
Hosp 
= 
(HOLP) X 0 = 
(HOAP + 1) 0 


·Due 
to the sampled 
data nature of the filter, a slight mismatch 
of 1z and 10 
occurs causing 
a 0.4 dB peaking 
around 10 of the allpass 
fi~er amplitude 
response 
(which theoretically 
should be a straight 
line). II this is unaccept- 


able. Mode 
5 is recommended. 


= ~1 + R2 x fCLKor~1 + R2 x fCLK 
R4 
100 
R4 
50 


= ~1 
_ R1 x fCLKor~1 _ R1 x fCLK 
R4 
100 
R4 
50 


R3 


= 41 + R2/R4 x R2 


= J1 - R1/R4 x R3 
R1 
-R2 (R4-R1) 
= gain at C.Z.output (as f -+ 0 Hz)~------- 
R1(R4+R2) 


( 
fCLK) 
-R2 
= gain at C.Z.output 
asf -+ 2 
= R1 


=-(=:~+1)X:~ 


=_(R2 
+ R1) x R4 
R2 + R4 
R1 


R2fCLK 
R2fCLK 
= ---or--- 
R3 100 
R3 50 


R3 


R1 


R2 


R1 


MODE 6b: Single 
Pole LP Filter 
(Inverting 
and Non- 


Inverting) 
(See Figure 15) 
fe 
= cutoff frequencyof LPoutputs 


R2fCLK 
R2fCLK 
'" R31OO0r R350 
HOLP1= 1 (non-inverting) 


R3 
HOLP2= 
R2 


FIGURE 
13. MODE 5 
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2.0 Modes of Operation 
(Continued) 


TABLE I. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks. Unless 9therwise noted, 
gains of various filter outputs are inverting and adjustable by resistor ratios. 


LP 
HP 
N 
AP 
Number of 
Adjustable 
Notes 
Mode 
BP 
resistors 
fCLK/fo 


1 
* 
* 
* 
3 
No 


(2) 
May need input buf- 
1a 
HOBP1=-Q 
HOlP= +1 
2 
No 
fer. Poor dynamics 


HOBP2- +1 
for high O. 


Yes (above 
,.] 


2 
* 
* 
* 
3 
fClK/50 or 
,fClK/100) 


Universal State- 
3 
* 
* 
* 
4 
Yes 
Variable Filter. Best 
general-purpose mode. 


As above, but also 
3a 
* 
* 
* 
* 
7 
Yes 
includes resistor- 
tuneable notch. 
, 


Gives Allpass res- 
4 
* 
* 
* 
3 
No 
ponse with HOAP= -1 
and HOlP= -2. 


I 
Gives flatter allpass 
5 
* 
* 
* 
4 
response than above 
if R1= R2= 0.02R4' 


6a 
* 
* 
3 


t._ 
~ 
Single pole. 


(2) 
6b 
HOlP= +1 
I 


2 


I 


Single pole 
-R3 
HOlP2=Fi2 


3.0 Applications 
Information 
The MF5 is a general-purpose second-order state variable 
filter whose center frequency is proportional to the frequen- 
cy of the square wave applied to the clock input (fClK). By 
connecting pin 9 to the appropriate DC voltage, the filter 
center frequency fo can be made equal to either fClK/1 00 
or fClK/50. fo can be very accurately set (within ± 0.6%) by 
using a crystal clock oscillator, or can be easily varied over 
a wide frequency range by adjusting the clock frequency. If 
desired, the fClKlfo ratio can be altered by external resis- 
tors as in Figures 9, 10, 1" 13, 14, and 15.The filter 0 and 
gain are determined by external resistors. 
All of the five second-order filter types can be built using the 
MF5. These are illustrated in Figures 1through 5 along with 
their transfer functions and s()me related equations. Figure 
6 shows the effect of 0 on the shapes of these curves. 
When filter orders greater than two are desired, two or more 
MF5s can be cascaded. The MF5 also includes an uncom- 
mitted CMOS operational amplifier for additional signal pro- 
cessing applications. 


3.1 DESIGN EXAMPLE 
An example will help illustrate the MF5 design procedure. 
For the example, we will design a 2nd order Butterworth 
low-pass filter with a cutoff frequency of 200 Hz,and a pass- 
band gain of - 2. The circuit will operate from a ± 5V power 
supply, and the clock amplitude will be ± 5v (CMOS) levels). 


From 
the 
specifications, 
the 
filter 
parameters 
are: 


fo= 200 Hz, 'HOlP = - 2, and, for Butterworth response, 
0=0.707. 
In section 2.0 are several modes of operation for the MF5, 
each having different characteristics. Some allow adjust- 
ment of fClKlfo, others produce different combinations of 
filter types, some are inverting while others are non-invert- 
ing, etc. These characteristics are summarized in Table I. To 
keep the example simple, we will use mode 1, which has 
notch, bandpass, and lowpass outputs, and inverts the sig- 
nal polarity. Three external resistors determine the filter's 0 
and gain. From the equations accompanying Figure 7, 
0= R3/R2 and the passband gain HOlP = -R2/R1. 
Since 
the input signal is driving a summing junction through R1' 
the input impedance will be equal to R1. Start by choosing a 
value for R1. 10k is convenient and gives a reasonable input 
impedance. For HOlP = - 2, we have: 


R2 = -f!1HOlP 
= 10k x 2 = 20k. 
For 0 = 0.707 we have: 


R3 = R20 = 20k x 0.707 = 14.14k. Use 15k. 
For operation on ±5V supplies, V+ is connected to +5V, 
V- 
to -5V, 
and AGND to ground. The power supplies 
should be "clean" 
(regulated supplies are preferred) and 
0.1 fLF bypass capacitors are recommended. 


R1 
10k 
R3 
15k 


v+ 
SA 
~ 
.a 


IIIIIIIII 
L 


-5V 
.I11l..I'L 


20 kHz 
±5V 
OR OVTV 5V 


FIGURE 16. 2nd-Order Butterworth 
Low-Pass Filter of Design 


Example. For felK = 50, Connect Pin 9 to +5V, and 
fo 


Change Clock Frequency to 10 kHz. 


R1 
101< R3 
15k 


y+ 
SA 
~ 
J 


IIIIIIIII 
L 


.I11l..I'L 


20kHz, 
OV TO 5V DR 
ov TO 10V 
TL/H/5066-26 
FIGURE 17. Butterworth 
Low-Pass Circuit of Example, but Designed for Single-Supply Operation • 


V+T 


TYPICAL 
VALUES: 
2ksRs100k 
4.7 ""sCs470~F 


TLIH/5066-27 
(a) Resistive Divider with 
Deeoupling Capaeiter 


V+ 
FIGURE 18. Three Ways of Generating "'"2 for Single-supply Operation 


TLIH/5066-29 
(e) Operational Amplifier 
with Divider 


TL/H/5066-28 
(b) Voltage Regulator 


For a cutoff frequency of 200 Hz, the external clock can be 
either 10 kHz with pin 9 connected to V+ (50:1) or 20 kHz 
with pin 9 tied to AGNDor V- 
(100:1). The voltage on the 
Logic Level Shift pin (7) determines the logic threshold for 
the clock input. The threshold is approximately 2V higher 
than the voltage applied to pin 7. Therefore, when pin 7 is 
grounded, the clock logic threshold will be 2V, making it 
compatible with 0-5 
volt TTL logic levels and ± 5 volt 
CMOS levels. Pin 7 should be connected to a clean, low-im- 
pedance (less than 100011)voltage source. 
The complete circuit of the design example is shown for a 
100:1 clock ratio in Figure 
16. 


3.2 SINGLE SUPPLY OPERATION 
The MF5 can also operate with a single-ended power sup- 
ply. Figure 
17 shows the example filter with a single-ended 
power supply. V+ is again connected to the positive power 
supply (8 to 14 volts), and V- 
is connected to ground. The 
AGNDpin must be tied to V+ /2 for single supply operation. 
This half-supply point should be very "clean", as any noise 
appearing on it will be treated as an input to the filter. It can 
be derived from the supply voltage with a pair of resistors 
and a bypass capacitor (Figure 
18a) , or a low-impedance 
half-supply voltage can be made using a three-terminal volt- 
age regulator or an operational amplifier (Figures 
18b and 
18e). The passive resistor divider with a bypass capacitor is 
sufficient for many applications, provided that the time con- 
stant is long enough to reject any power supply noise. It is 
also important that the half-supply reference present a low 
impedance to the clock frequency, so at very low clock fre- 
quencies the regulator or op-amp approaches may be pref- 
erable because they will require smaller capacitors to filter 
the clock frequency. The main power supply voltage should 
be clean (preferably regulated) and bypassed with 0.1,...F. 


3.3 DYNAMIC CONSIDERATIONS 
The maximum signal handling capability of the MF5, like 
that of any active filter, is limited by the power supply volt- 
ages used. The amplifiers in the MF5 are able to swing to 
within about 1 volt of the supplies, so the input signals must 
be kept small enough that none of the outputs will exceed 


these limits. If the MF5 is operating on ± 5 volts, for exam- 
ple, the outputs will clip at about 8Vp_p.The maximum input 
voltage multiplied by the filter gain should therefore be less 
than 8Vp_p. 


Note that if the filter has high a, the gain at the lowpass or 
highpass outputs will be much greater than the nominal filter 
gain (Figure 6). As an example, a lowpass filter with a a of 
10 will have a 20 dB peak in its amplitude response at fa. If 
the nominal gain of the filter HOlP is equal to 1, the gain at 
fa will be 10. The maximum input signal at fa must therefore 
be less than 800 mVp_pwhen the circuit is operated on ±5 
volt supplies. 
Also note that one output can have a reasonable small volt- 
age on it while another is saturated. This is most likely for a 
circuit such as the notch in Mode 1 (Figure 
7). The notch 
output will be very small at fa, so it might appear safe to 
apply a large signal to the input. However, the bandpass will 
have its maximum gain at fa and can clip if overdriven. If one 
output clips, the performance at the other outputs will be 
degraded, so avoid overdriving any filter section, even ones 
whose outputs are not being directly used. Accompanying 
Figures 
7 through 15 are equations labeled "circuit dynam- 
ics", which relate the a and the gains at the various outputs. 
These should be consulted to determine peak circuit gains 
and maximum allowable signals for a given application. 


3.4 OFFSET VOLTAGE 
The MF5's switched capacitor integrators have a higher 
equivalent input offset voltage than would be found in a 
typical continuous-time active filter integrator. Figure 
19 
shows an equivalent circuit of the MF5 from which the out- 
put dc offsets can be calculated. Typical values for these 
offsets are: 


Vos1 = opamp offset = ±5mV 
Vos2 = -185mV@ 
50:1 
-310mV@ 
100:1 


Vos3 = +115mV@50:1 
+240mV@100:1 
The dc offset at the BP output is equal to the input offset of 
the lowpass integrator (Vos3).The offsets at the other out- 
puts depend on the mode of operation and the resistor ra- 
tios, as described in the following expressions. 


VOS(N) 


VOS(BP) 


VOS(LP) 


Mode1a 


VOS(N.INV.BP) 


Vos(INV.BP) 


Vos(LP) 


(:~ + 1) 
VOS1 X 1 + ~2/R4 


+ V 
1 
_ 
VOS3 
. 


OS2 1+ R4/R2 
Q~1 + R2/R4 
. 


Rp = R1 / /R2/ 
/R4 


= 
VOS3 


= 
VOS(N) - 
VOS2 


= 
VOS1 (6 + 1 + IIHoLPII) 
_.v~S3 


= 
VOS3 


= 
VOS(N) - 
VOS2 


( 
1) 
VOS3 
= 
1 + - 
VOS1 - 
-- 
. 
Q 
Q 


= 
VOS3 


= 
Vos(N.INV.BP) 
- 
VOS2 


VOS(BP) 


VOS(LP) 


Mode 
3 


VOS(HP) 


VOS(BP) 


VOS(LP) 


=VOS2 


=VOS3 


R4 (R2 
) 
= 
- 
- 
- 
VOS3 + VOS2 
+ 
R2 
R3 


R4 ( 
R2) 
- 
- 
1 + - 
VOS1; Rp = R1//R3//R4 


R2 
Rp 


FIGURE 
19. Block Diagram 
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MF5 
Offset 
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Sources 
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FIGURE 
20. Method 
for Trimming 
Vos, 
See Text, Section 
3.4 
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3.0 Applications 
Information 
(Continued) 


For most applications, the outputs are AC coupled and DC 
offsets are not bothersome unless large signals are applied 
to the filter input. However, larger offset voltages will cause 
clipping to occur at lower ac signal levels, and clipping at 
any of the outputs will cause gain nonlinearities and will 
change fo and a. When operating in Mode 3, offsets can 
become excessively large if R2 and R4 are used to make 
fClK/fo significantly higher than the nominal value, especial- 
ly if a is also high. An extreme example is a bandpass filter 
having unity gain, a a of 20, and fClK/fo = 250 with pin 9 
tied to V- 
(100:1 nominal). R4/R2 will therefore be equal to 


6.25 and the offset voltage at the lowpass output will be 
about + 1.9V. Where necessary, the offset voltage can be 
adjusted by using the circuit of Figure 20. This allows adjust- 
ment of V051, which will have varying effects on the different 
outputs as described in the above equations. Some outputs 
cannot be adjusted this way in some modes, however 


(V05(BP) 
in modes 1a and 3, for example). 


3.5 SAMPLED DATA SYSTEM CONSIDERATIONS 


The MF5 is a sampled data filter, and as such, differs in 
many ways from conventional continuous-time filters. An im- 
portant characteristic of sampled-data systems is their ef- 
fect on signals at frequencies greater than one-half the 
sampling frequency. (The MF5's sampling frequency is the 
same as its clock frequency). If a signal with a frequency 
greater than one-half the sampling frequency is applied to 
the input of a sampled data system, it will be "reflected" to 
a frequency less than one-half the sampling frequency. 
Thus, an input signal whose frequency is f5/2 + 100 Hz will 
cause the system to respond as though the input frequency 
was f5/2 - 100 Hz. This phenomenon is known as "alias- 


ing", and can be reduced or eliminated by limiting the input 
signal spectrum to less than f5/2. This may in some cases 
require the use of a bandwidth-limiting filter ahead of the 
MF5 to limit the input spectrum. However, since the clock 
frequency is much higher than the center frequency, this will 
often not be necessary. 


Another characteristic of sampled-data circuits is that the 
output signal changes amplitude once every sampling peri- 
od, resulting in "steps" in the output voltage which occur at 
the clock rate. (Figure 
21) 
If necessary, these can be 
"smoothed" with a simple R-C low-pass filter at the MF5 
output. 


The ratio of fClK to fc (normally either 50:1 or 100:1) will 
also affect performance. A ratio of 100:1 will reduce any 
aliasing problems and is usually recommended for wide- 
band input signals. In noise sensitive applications, however, 
a ratio of 50:1 may be better as it will result in 3 dB lower 
output noise. The 50:1 ratio also results in lower DC offset 
voltages, as discussed in 3.4. 


The accuracy of the fClK/fo ratio is dependent on the value 
of a. This is illustrated in the curves under the heading 
"Typical Performance Characteristics". As a is changed, 
the true value of the ratio changes as well. Unless the a is 
low, the error in fClK/fo will be small. If the error is too large 
for a specific application, use a mode that allows adjustment 
of the ratio with external resistors. 
It should also be noted that the product of a and fo should 
be limited to 300 kHz when fo < 5 kHz, and to 200 kHz for 
fo> 
5 kHz. 
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Semiconductor 


MF6 6th Order Switched Capacitor 
Butterworth 
Lowpass Filter 


General Description 


The MFS is a versatile easy to use, precision Sth order But- 
terworth 
lowpass active filter. Switched capacitor tech- 


niques eliminate external component requirements and al- 
Iowa clock tunable cutoff frequency. The ratio of the clock 
frequency to the lowpass cutoff frequency is internally set to 
50 to 1 (MFS-50) or 100 to 1 (MFS-100). A Schmitt trigger 
clock input stage allows two clocking options, either self- 
clocking (via an external resistor and capacitor) for stand- 
alone applications, or an external TTL or CMOS logic com- 
patible clock can be used for tighter cutoff frequency con- 
trol. The maximally flat passband frequency response to- 
gether with a DC gain of 1 VIV allows cascading MFS sec- 
tions for higher order filtering. In addition to the filter, two 
independent CMOS op amps are included on the die and 
are useful for any general signal conditioning applications. 


Features 


• 
No external components 
• 
14-pin DIP or 14-pin wide-body S.O. package 
• 
Cutoff frequency accuracy of ± 0.3% typical 
• 
Cutoff frequency range of 0.1 Hz to 20 kHz 
• 
Two uncommitted op amps available 
• 
5V to 14V total supply voltage 
• 
Cutoff frequency set by external or internal clock 


All Packages 
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Top View 


Order 
Number 
MF6CWM-50 


or MF6CWM-100 
See NS Package 
Number 
M14B 


Order 
Number 
MF6CN-50 


or MFSCN-100 
See NS Package 
Number 
N14A 


Order 
Number 
MF6CJ-50 
or MF6CJ-100 
See NS Package 
Number 
J14A 


· .. 


Office/Distributors 
for 
availability 
and 
specifications. 
soldering 
surface 
mount 
devices. 


Supply Yoltage 
14Y 
Operating 
Ratings 
(Note 11) 
Yoltage 
at Any Pin 
Y- 
- 
0.2Y. Y+ 
+ 0.2Y 


Input Current 
at Any Pin (Note 13) 
5mA 
Temperature 
Range 
TMIN :s;TA :s;TMAX 


Package 
Input Current 
(Note 13) 
20mA 
MF6CN-50. 
MF6CN-100 
erc:s; 
TA:S; +70·C 


Power Dissipation 
(Note 14) 
500mW 
MF6CWM-50. 
MF6CWM-100 
O·C:s; TA:S; +7erC 


Storage 
Temperature 
- 65·C to + 150·C 
MF6CJ-50. 
MF6CJ-100 
-4erC 
:s;TA :s; +B5·C 


ESD Susceptibility 
(Note 12) 
BOOY 
Supply Yoltage 
(Ys = Y+ -Y-) 
5Yto 
14Y 


Soldering 
Information 


N Package 
(10 sec.) 
260·C 


J Package 
(10 sec.) 
300·C 


SO Package 
Vapor Phase (60 sec.) 
215·C 


Infrared 
(15 sec.) 
220·C 


Filter Electrical Characteristics 
The following 
specifications 
apply for fCLK :s;250 kHz (see Note 3) unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for T MIN to TMAX; all other limits TA = TJ = 25·C. 


MF6CWM-SO, MF6CWM-100, 
MF6CJ-SO, MF6CJ-100 


MF6CN-SO, MF6CN-100 


Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 


Typical 
Limit 
Limit 
Typical 
Limit 
Limit 
(Note 8) 
(Note 9) 
(Note 10) 
(Note 8) 
(Note 9) 
(Note 10) 


Y+ 
= 
+SY, Y- 
= 
-SY 


Ie. Cutoff 
MF6-50 
Min 
0.1 
0.1 


Frequency 
Max 
20k 
20k 


Range 
MF6-100 
Min 
0.1 
0.1 
Hz 


(Note 1) 
Max 
10k 
10k 


Total Supply Current 
IClK = 250 kHz 
4.0 
6.0 
8.5 
4.0 
8.5 
mA 


Maximum Clock 
Filter Output 
30 
30 
mY 


Feedthrough 
OpAmp 
1 Out 
25 
25 
(peak-to- 


OpAmp20ut 
20 
20 
peak) 


Ho• 
Rsource 
0.0 
±0.30 
±0.30 
0.0 
±0.30 
dB 


DC Gain 
s: 2 kl1 


IClK!le• 
MF6-50 
49.27±0.3% 
49.27±1% 
49.27±1% 
49.27±0.3% 
49.27±1% 


Clock to Cutoff 
MF6-100 
98.97±0.3% 
98.97±1% 
98.97±1"'" 
98.97±0.3% 
98.97±1% 


Frequency Ratio 


DC 
MF6-50 
-200 
-200 


Offset Voltage 
MF6-100 
-400 
-400 
mV 


Minimum Output 
Rl =10kl1 
+4.0 
+3.5 
+3.5 
+4.0 
+3.5 


Voltage Swing 
-4.1 
-3.8 
-3.5 
-4.1 
-3.5 
V 


Maximum Output 
Source 
50 
50 
Short Circuit 
Sink 
mA 


Current (Note 6) 
1.5 
1.5 


Dynamic Range 
MF6-50 
83 
83 


(Note 2) 
MF6-100 
81 
81 
dB 


Additional 
MF6-50 IClK = 250 kHz 


Magnitude 
1=6000 
Hz 
-9.47 
-9.47±0.6 
-9.47±0.75 
-9.47 
-9.47±0.75 


Response Test 
1=4500 
Hz 
-0.92 
-0.92±0.6 
-0.92±0.4 
-0.92 
-0.92±0.4 
dB 


Points (Note 4) 
MF6-100 IClK ~ 250 kHz 


1=3000 
Hz 
-9.48 
-9.48±0.3 
-9.48±0.75 
-9.48 
-9.48±0.75 


1=2250 
Hz 
-0.97 
-0.97±0.3 
-0.97±0.4 
-0.97 
-0.97 
± 0.4 
dB 


Filter Electrical Characteristics 
(Continued) 
The following 
specifications 
apply for felK 
$; 2S0 kHz (see 


Note 3) unless otherwise 
specified. Boldface 
limits 
apply for TMIN to TMAX; all other limits TA = TJ = 2S"C. 


MF6CWM·SO,MF6CWM·100 
MF6CJ·SO.MF6CJ·100 
MF6CN-SO,MF6CN·100 


Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 


Typical 
limit 
Limit 
Typical 
limit 
limit 
(Note 8) 
(Note 9) 
(Note 10) 
(Note 8) 
(Note 9) 
(Note 10) 


Attenuation Rate 
MF6-S0 fClK = 2S0 kHz 
dB/ 


f1 =6000 Hz 
-36 
-36 
-36 
octave 


f2 = 8000 Hz 


MF6-100 fClK=2S0 
kHz 
dB/ 
f1 =3000 Hz 
-36 
-36 
-36 
octave 
f2 = 4000 Hz 


fe•Cutoff 
MF6-SO 
Min 
0.1 
0.1 


Frequency 
Mal< 
, 
10k 
10k 
Hz 
Range 
MF6-100 
Min 
0.1 
0.1 


(Note 1) 
Max 
5k 
5k 


Total Supply Current 
fClK = 2S0 kHz 
2.S 
4.0 
4.0 
2.S 
4.0 
mA 


Maximum Clock 
Filter Outpu 
20 
20 
mV 
Feedthrough 
OpAmp 1 Ou 
15 
15 
(peak-to- 


OpAmp20u 
10 
10 
peak) 


H",DCGain 
Rsource$; 2 kn 
0.0 
±0.30 
±0.30 
0.0 
±0.30 
dB 


fClK/fe• Clock to 
Cutoff Frequency 
MF6-50 
49.10±0.3% 
49.10±2% 
49.10±3% 
49.10±0.3% 
49.10±3"'" 


Ratio 
MF6-100 
98.65±0.3% 
98.65±2% 
98.65 
± 2.25% 
98.65±0.3% 
98.65 
± 2.25% 


DC 
MF6-50 
-200 
-200 
mV 
Offset Voltage 
MF6-100 
-400 
-400 


Minimum Output 
Rl =10kn 
+1.5 
+1.0 
+1.0 
+1.5 
+1.0 
V 
Voltage Swing 
-2.2 
-1.7 
-1.5 
-2.2 
-1.5 


Maximum Output 
Source 
28 
28 
Short Circuit 
Sink 
0.5 
0.5 
mA 
Current (Note 6) 
, 


Dynamic Range (Note 2) 
77 
77 
dB 


Additional 
MF6-50 fClK = 250 kHz 


Magnitude 
f=6000 
Hz 
-9.54 
-9.54±0.6 
-9.54±0.75 
-9.54 
-9.54±0.75 
dB 
Response Test 
f=4500 
Hz 
-0.96 
-0.96±0.3 
-0.96 
± 0.4 
-0.96 
-0.96 
± 0.4 


Points (Note 4) 
MF6-100 fClK = 250 kHz 


1=3000 Hz 
-9.67 
-9.67±0.6 
-9.67±0.75 
-9.67 
-9.67±0.75 
dB 
1=2250 Hz 
-1.01 
-1.01 ±0.3 
-1.01±0.4 
-1.01 
-1.01 
±0.4 


Attenuation 
MF6-50 IClK = 250 kHz 
dB/ 
Rate 
11=6000 Hz 
-36 
-36 
-36 
12=8000 Hz 
octave 


MF6-100 fClK=250 
kHz 
dB/ 
f1 =3000 Hz 
-36 
-36 
-36 


f2 = 4000 Hz 
octave • 


Op Amp Electrical Characteristics 


Boldface 
limits 
apply 
for TMIN to TMAX; all other limits TA = TJ = 25°C. 


MF6CN-50, 
MF6CN-100, 
MF6CJ-50, 
MF6CJ-100 


MF6CWM-50, 
MF6CWM-100 


Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 
Typical 
Limit 
Limit 
Typical 
Limit 
Limit 


(Note 
8) 
(Note 
9) 
(Note 
10) 
(Note 
8) 
(Note 
9) 
(Note 
10) 


V+ 
= 
+5V, 
V- 
= 
-5V 


Input Offset 
Voltage 
±8.0 
±20 
±20 
±8.0 
±20 
mV 


Input Bias Current 
10 
10 
pA 


CMRR 
(Op Amp #2 Only) 
VCM1 = 
1.8V, 
60 
55 
60 
55 
dB 


VCM2 = 
-2.2V 


Output Voltage 
Swing 
RL=10kO 
+4.0 
+3.8 
+3.6 
+4.0 
+3.6 
V 
-4.5 
-4.0 
-4.0 
-4.5 
-4.0 


Maximum 
Output 
Short 
Source 
54 
65 
80 
54 
80 
mA 
Circuit Current 
(Note 6) 
Sink 
2.0 
4.0 
6.0 
2.0 
6.0 


Slew Rate 
7.0 
7.0 
V/,.,.s 


DC Open Loop Gain 
72 
72 
dB 


Gain Bandwidth 
Product 
1.2 
1.2 
MHz 


V+ 
= 
+2.5V, 
V- 
= 
-2.5V 


Input Offset 
Voltage 
±8.0 
±20 
±20 
±8.0 
±20 
mV 


Input Bias Current 
10 
10 
pA 


CMRR 
(Op-Amp 
#2 Only) 
VCM1 = 
+0.5V, 
60 
55 
60 
55 
dB 


VCM2 = 
-0.9V 


Output Voltage 
Swing 
RL = 
10kO 
+1.5 
+1.3 
+ 1.1 
+1.5 
+1.1 
V 
-2.2 
-1.7 
-1.7 
-2.2 
-1.7 


Maximum 
Output Short 
Source 
24 
24 
mA 
Circuit Current 
(Note 6) 
Sink 
1.0 
1.0 


Slew Rate 
6.0 
6.0 
V/,.,.s 


DC Open Loop Gain 
67 
67 
dB 


Gain Bandwidth 
Product 
1.2 
1.2 
MHz 


" 


Logic Input-Output Electrical Characteristics 
The following 
specifications 
apply for V- = OV 


(see Note 5) unless otherwise 
specified. 
Boldface 
limits 
apply 
for TMIN to TMAX; all other limits TA = TJ = 25'C. 


MF6CN-50, 
MF6CN-100 
MF6CJ-50, 
MF6CJ-100 
MF6CWM-50, 
MF6CWM-100 


Parameter 
'1311:~ 


u! 


Conditions 
Tested 
Design 
Tested 
Design 
Typical 
limit 
Limit 
Typical 
limit 
Limit 
Units 
(Note 
8) 
(Note 
9) 
(Note 
10) 
(Note 
8) 
(Note 
9) 
(Note 
10) 


TTL CLOCK 
INPUT, 
CLK R PIN (Note 
7) 


Maximum 
VIL. Logical 
"0" 
0.8 
0.8 
0.8 
V 
Input Voltage 


Minimum 
VIH. Logical 
"1" 
2.0 
2.0 
2.0 
V 
Input Voltage 


Maximum 
Leakage 
Current 
LSh 
Pin at 
2.0 
2.0 
2.0 
".A 
atCLK 
R Pin 
Mid-Supply 
l 


SCHMITT 
TRIGGER 


VT +. Positive 
Going 
Min 
V+ = 10V 
7.0 
6.1 
6.1 
7.0 
6.1 
V 
Threshold 
Voltage 
Max 
8.9 
8.9 
8.9 


Min 
V+ = 5V 
3.5 
3.1 
3.1 
3.5 
3.1 
V 
Max 
4.4 
4.4 
4.4 
. 


VT _. Negative 
Going 
Min 
V+ = 10V 
, 


3.0 
1.3 
1.3 
3.0 
1.3 
Threshold 
Voltage 
Max 
3.8 
3.8 
3.8 
V 


Min 
V+ = 5V 
1.5 
q.6 
0.6 
1.5 
0.6 
V 
Max 
1.9 
1.9 
1.9 


Hysteresis 
(VT+ 
- 
VT-) 
Min 
V+ = 10V 
4.0 
2.3 
2.3 
4.0 
2.3 


)0 


Max 
7.6 
7.6 
7.6 
V 


Min 
V+ = 5V 
2.0 
1.2 
1.2 
2.0 
1.2 
V 
Max 
3.8 
3.8 
3.8 


Minimum 
Logical 
"1" 
Output 
10 = -lO".A 
V+ = 10V 
9.0 
9.0 
9.0 
V 
Voltage 
(Pin 11) 
V+ = 5V 
4.5 
4.5 
4.5 


Maximum 
Logical 
"0" 
Output 
10 = lO".A 
V+ = 10V 
1.0 
1.0 
1.0 
V 
Voltage 
(Pin 11) 
V+ = 5V 
0.5 
0.5 
0.5 


Minimum 
Output 
Source 
CLK R Tied 
V+ = 10V 
6.0 
3.0 
3.0 
6.0 
3.0 
mA 
Current 
(Pin 11) 
to Ground 
V+ = 5V 
1.5 
0.75 
0.75 
1.5 
0.75 


Maximum 
Output Sink 
CLKRTied 
V+ = 10V 
5.0 
2.5 
2.5 
5.0 
2.5 
mA 
Current 
(Pin 11) 
toV+ 
V+ = 5V 
1.3 
0.65 
0.65 
1.3 
0.65 


Note 
1: The cutoff frequency 
of the filter is defined as the frequency 
where the magnitude 
response is 3.01 dB less than the DC gain of the filter. 


Note 2: For ±5V 
supplies the dynamk: range is referenced 
to 2.82 Vrms (4V peak) where the wideband 
noise over a 20 kHz bandwidth 
is typically 200 JJ.Vrmsfor 
the MF6-50 and 250 ,..,Vrms for the MF6--100. For ±2.5V 
supplies the dynamic range is referenced 
to 1.06 Vrms (1.5V peak) where the wideband 
noise over a 20 


kHz bandwidthis typically140 p.Vrmsfor both the MF6-50and the MF6-1oo. 
Note 3: Thespecificationsfor the MF6havebaengivenfor a clockfrequency(fcud of 250kHzandless.Abovethis clockfrequencythe cutofffrequencybaginsto 
deviate from the specified 
error band of ± 1.0% but the filter still maintains 
its magnitude 
characteristics. 
See Application 
Hints, Section 
1.5. 


Note 4: Besides checking 
the cutoff frequency 
(fel and the stopband attenuation 
at 2 fe, two additional 
frequencies 
are used to check the magnitude response 
of 
the filter. The magnitudes 
are referenced 
to a DC gain of 0.0 dB. 


Note 5: For simplicity all the logic levels have been referenced 
to V- = OV and will scale accordingly 
for ±5V and ±2.SV supplies (except for the TTL input logic 


levels). 


Note 6: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst·case 
conditions. 


Note 
7: The MF6 is operating 
with symmetrical 
split supplies and L.Sh is tied to ground. 


Note 8: Typicals are at 25°C and represent 
most likely parametric 
norm. 


Note 9: Tested limits are guaranteed 
to National's 
AOOL (Average Outgoing Quality Level. 


Note 
10: Design limits are guaranteed, 
but not 100% tested. These limits are not used to calculate 
outgoing quality levels. 


Note 
11: Absolute 
Maximum 
Ratings 
indtcate 
limits beyond which 
damage 
to the device 
may occur. DC and AC electrical 
specifications 
do not apply when 


operating 
the device beyond its specified 
conditions. 


Note 12:Humanbody model,100pF dischargedthrougha 1.5kn resistor. 


Note 13: When the input vottage (VIN) at any pin exceeds the power supply rails (VIN < V- or VIN > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries 
with a 5 mA current limit to four. 


Note 
14: The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is dictated 
by TJMAX, 6JA, and the ambient 
temperature, 
TA. The 


maximum allowable 
power dissipation at any temperature 
is Po = (TJMAX - 
TAl/6JA or the number given in the Absolute 
Maximum Ratings, whichever 
is lower. 


For this device, TJMAX = 12S-C, and the typical junction-to-ambtent 
thermal resistance of the MF6CN when board mounted is 6rC/W. 
For the MF6CJ this number 
decreasesto 6ZOC/W. Fo<MF6CWM,9JA 
- 
78'C/W. 
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Pin Descriptions 
(Pin Numbers) 
Pin 
Description 
FILTER OUT (3) 
The output 
of the lowpass 
filter. 


It will typically 
sink 0.9 mA and 
source 3 mA and swing to within 
1V of each supply rail. 
The input to the lowpass 
filter. 
To minimize 
gain errors the 
source impedance 
that drives 
this input should 
be less than 2k 
(see section 
1.4). For single 
supply operation 
the input signal 
must be biased to mid-supply 
or 
ACcoupled. 
This pin is used to adjust the DC 
offset 
of the filter output; 
if not 
used it must be tied to the 
AGND potential. 
(See section 
1.3) 
The analog ground 
pin. This pin 
sets the DC bias level for the 
filter section 
and the non- 
inverting 
input of Op-Amp 
# 1 
and must be tied to the system 
ground for split supply operation 
or to mid-supply 
for single 
supply operation 
(see section 
1.2). When tied to mid-supply 
this pin should 
be well 
bypassed. 
VOl is the output and INV1 is 
the inverting 
input of Op-Amp 
# 1. The non-inverting 
input of 
this Op-Amp 
is internally 
connected 
to the AGND pin. 


Pin 
V02(2), 
INV2(14), 
NINV2(1) 


V+(6), 
V-(10) 


Description 
V02 is the output, 
INV2 is the 
inverting 
input, and NlNV2 is the 
non-inverting 
input of Op-Amp 
#2. 
The positive 
and negative 
supply pins. The total power 
supply range is 5Vto 
14V. 
Decoupling 
these pins with 
0.1 J-LFcapacitors 
is highly 
recommended. 
A CMOS Schmitt-trigger 
input to 
be used with an external 
CMOS 
logic level clock. 
Also used for 
self-clocking 
Schmitt-trigger 
oscillator 
(see section 
1.1). 


A TIl 
logic level clock input 
when in split supply operation 
(± 2.5V to ± 7V) and L. Sh tied 
to system 
ground. 
This pin 
becomes 
a low impedance 
output when L. Sh is tied to V - . 
Also used in conjunction 
with 
the ClK 
IN pin for a self 
clocking 
Schmitt-trigger 
oscillator 
(see section 
1.1). 
level 
shift pin, selects 
the logic 
threshold 
levels for the desired 
clock. When tied to V- 
it 
enables 
an internal 
tri-state 
buffer stage between 
the 
Schmitt 
trigger 
and the internal 
clock 
level shift stage thus 
enabling 
the ClK 
IN Schmitt- 


trigger 
input and making the 
ClK 
R pin a low impedance 
output. 


,. 


VOl (4), 
INV1 (13) 


CD 
LL 
:E 
Pin Descriptions 
(Pin Numbers) 
(Continued) 
Pin 
L. Sh (12) 
Description 
When the voltage 
level at this 
input exceeds 
[25%(Y+ 
- 
Y-) 
+ Y-] 
the internal 
tri-state 
buffer is disabled 
allowing 
the 
ClK 
R pin to become 
the clock 
input for the internal 
clock 
level 
shift stage. The ClK 
R 
threshold 
level is now 2Y above 
the voltage 
applied 
to the L. Sh 
pin. Driving the ClK 
R pin with 
TIl 
logic levels can be 
accomplished 
through 
the use 
of split supplies 
and by tying the 
L. Sh pin to system 
ground. 


1.0 MF6 Application 
Hints 


The MF6 is comprised 
of a non-inverting 
unity gain lowpass 
sixth order 
Butterworth 
switched 
capacitor 
filter section 
and 
two 
undedicated 
CMOS 
Op-Amps. 
The switched 
capacitor 
topology 
makes 
the cutoff 
frequency 
(where 
the gain drops 


C 


~ 


3,01 dB below 
the DC gain) a direct 
ratio (100:1 
or 50:1) of 
the clock 
frequency 
supplied 
to the lowpass 
filter. 
Internal 
integrator 
time 
constants 
set the 
filter's 
cutoff 
frequency. 
The resistive 
element 
of these 
integrators 
is actually 
a ca- 
pacitor 
which 
is "switched" 
at the 
clock 
frequency 
(for 
a 
detailed 
discussion 
see Input 
Impedance 
Section). 
Varying 
the clock 
frequency 
changes 
the value 
of this resistive 
ele- 
ment 
and 
thus 
the 
time 
constant 
of the 
integrators. 
The 
clock 
to cutoff 
frequency 
ratio (fCLK/fcl 
is set by the ratio of 
the 
input 
and feedback 
capacitors 
in the 
integrators. 
The 
higher 
the clock 
to cutoff 
frequency 
ratio 
(or the sampling 
rate) the closer 
this approximation 
is to the theoretical 
But- 
terworth 
response. 
The MF6 is available 
in fCLK/fc 
ratios of 
50:1 (MF6-50) 
or 100:1 (MF6-100). 


1.1 CLOCK 
INPUTS 


The MF6 has a Schmitt-trigger 
inverting 
buffer which 
can be 
used to construct 
a simple 
R/C 
oscillator. 
The oscillator's 
frequency 
is dependent 
on the buffer's 
threshold 
levels 
as 
well as on the 
resistor/capacitor 
tolerance 
(see Figure 
1). 


1 
fClK = -------- 


. 
RCln[ 
(Vcc 
- 
VT- )VT+] 
VCC-VT+ 
VT- 


Typically for VCC ~ V+ 
- 
V- 
~ 10V: 


1 
ICLK ~ 
1.69 
RC 
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Schmitt-trigger 
threshold 
voltage 
levels 
can change 
signifi- 


cantly 
causing 
the R/C 
oscillator's 
frequency 
to vary greatly 


from 
part to part. 


Where 
accuracy 
in fe is required 
an external 
clock 
can be 


used to drive the ClK 
R input of the MF6. This input is TIl 


logic level compatible 
and also presents 
a very light load to 


the external 
clock 
source 
(- 
2 ,...A) with 
split supplies 
and 


L. Sh tied to system 
ground. 
The logic level is programmed 


by the voltage 
applied 
to level shift (L. Sh) pin (See the Pin 


description 
for L. Sh pin). 


1.2 POWER 
SUPPLY 
BIASING 


The 
MF6 
can be biased 
from 
a single 
supply 
or dual split 


supplies. 
The split supply 
mode shown 
in Figures 2 and 3 is 


the 
most 
flexible 
and 
easiest 
to implement. 
As discussed 


earlier 
split 
supplies, 
± 5V to ± lV, 
will enable 
the 
use of 


TIl 
or 
CMOS 
clock 
logic 
levels. 
Figure 
4 
shows 
two 


schemes 
for single 
supply 
biasing. 
In this mode only CMOS 


clock 
logic levels 
can be used. 


1.3 OFFSET 
ADJUST 


The VosADJ 
pin is used in adjusting 
the output 
offset 
level 


of the filter section. 
If this pin is not used it must be tied to 


the analog 
ground 
(AGND) 
level, either mid-supply 
for single 


ended 
supply operation 
or ground 
for split supply operation. 
This pin sets the zero reference 
for the output 
of the filter. 
The implementation 
of this pin can be seen 
in Figure 
5. In 


5(a), DC offset 
is adjusted 
using a potentiometer; 
in 5(b), the 


Op-Amp 
integrator 
circuit 
keeps the average 
DC output 
lev- 


el at AGND. 
The circuit 
in 5(b) is therefore 
appropriate 
only 


for AC-coupled 
signals 
and signals 
biased 
at AGND. 


1.4 INPUT 
IMPEDANCE 


The MF6 
lowpass 
filter 
input 
(FilTER 
IN pin) is not a high 


impedance 
buffer 
input. 
This 
input 
is a switched 
capacitor 


resistor 
equivalent, 
and its effective 
impedance 
is inversely 


proportional 
to the clock frequency. 
The equivalent 
circuit of 


the 
input 
to the 
filter 
can 
be seen 
in Figure 
6. The 
input 


capacitor 
charges 
to the input voltage 
(Vi,,) during 
one half 


of the 
clock 
period, 
during 
the 
second 
half the 
charge 
is 


TUH/5065-18 
a) Equivalent 
Circuit 
for MF6 Filter 
Input 


TUH/5065-19 
b) Actual 
Circuit 
for MF6 Filter 
Input 


FIGURE 
6. MF6 Filter 
Input 


transferred 
to the feedback 
capacitor. 
The total transfer 
of 
charge 
in one clock 
cycle is therefore a = CinVin. and since 
current 
is defined 
as the flow 
of charge 
per unit time 
the 
average 
input current 
becomes 


lin = O/T 


(where 
T equals 
one clock 
period) 
or 


CinVin 
lin = -T- 
= CinVinfClK 


The equivalent 
input resistor 
(Ain) then can be defined 
as 


1 
Ain = Vin/lin 
= -C f 


in ClK 
The input capacitor 
is 2 pF for the MF6-50 
and 1 pF for the 
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MF6-100, so for the MF6-100 


1 X 1012 
1 X 1012 
1 X 1010 
A· =---=---=--- 


In 
fCLK 
fe x 100 
fe 


5 X 1011 
5 X 1011 
1 X 1010 
Ain =--- 
=--- 
=--- 
fCLK 
fe x 50 
fe 


for the MF6-50. As shown in the above equations for a given 
cutoff frequency (fel the input impedance remains the same 
for the MF6-50 and the MF6-100. The higher the clock to 
center frequency ratio, the greater equivalent input resist- 
ance for a given clock frequency. As the cutoff frequency 
increases the equivalent input impedance decreases. This 
input resistance will form a voltage divider with the source 
impedance (Asouree).Since Ain is inversely proportional to 
the cutoff frequency, operation at higher cutoff frequencies 
will be more likely to load the input signal which would ap- 
pear as an overall decrease in gain to the output of the filter. 
Since the filter's ideal gain is unity its overall gain is given 
by: 


A 
- 
Ain 
v - 
Rin + Rsource 


If the MF6-50 or the MF6-100 were set up for a cutoff fre- 
quency of 10kHz the input impedance would be: 


1 x 1010 
Ain = 
10kHz 
= 1 Mfi 


In this example with a source impedance of 10k the overall 
gain, if the MF6 had an ideal gain of 1 or 0 dB, would be: 


1 Mfi 


Av = 10 kfi + 1 Mfi = 0.99009 or -86.4 mdB 


so 
500 
51( 
5Q( 


100 
1K 
1(1{ 
1lX1( 


FIl£QUENC'( (IUJ 


TUH/5065-20 


FIGURE 7a. MF6-100 ±5V Supplies 
Amplitude Response 


10 
o 


-10 


; 
-21) 
~ 
i!I 
-S!I:: 


-EO 


-lll 


-EO 


10 
51( 
!llJ( 
100 
1K 
1(1( 
1(X1( 


fIlEQUENC'( (IU) 


TLIH/5065-22 
FIGURE 7c. MF6-100 ± 2.5V Supplies 
Amplitude Response 


Since the maximum overall gain error for the MF6 is 
± 0.3 dB with a As ,;; 2 kfi the actual gain error for this case 
would be +0.21 dB to -0.39 
dB. 


1.5 CUTOFF FREQUENCY RANGE 
The filter's cutoff frequency (fel has a lower Umitcaused by 
leakage currents through the internal switches discharging 
the stored charge on the capacitors. At lower clock frequen- 
cies these leakage currents can cause millivolts of error, for 
example: 


fCLK= 100 Hz, 'leakage= 1 pA, C = 1 pF 


= 
1 pA 
= 10 mV 
V 
1 pF (100 Hz) 


The propagation delay in the logic and the settling time re- 
quired to acquire a new voltage level on the capacitors in- 
creases as the MF6 power supply voltage decreases. This 
causes a shift in the fCLK/fe ratio which will become notice- 
able when the clock frequency exceeds 250 kHz. The ampli- 
tude characteristic will stay within tolerance until fCLK ex- 
ceeds 500 kHz and will peak at about 0.5 dB at the corner 
frequency with a 1 MHz clock. The response of the MF6 is 
still a reasonable approximation of .the ideal Butterworth 
lowpass characteristic as can be seen in Figure 
7. 


2.0 Designing with the MF6 
Given any lowpass filter specification two equations will 
come in handy in trying to determine whether the MF6 will 
do the job. The first equation determines the order of the 
lowpass filter required: 


log (10°·1Amin_1) - log (100.1Amax-1) 
n = ------------ 
(1) 


2 log (fs/fb) 


TL/H/5065-21 


FIGURE 7b. MF6-50 ± 5V Supplies 
Amplitude Response 
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FIGURE 7d. MF6-50 ±2.5V Supplies 
Amplitude Response 


the passband ripple or attenuation (in dB) at frequency fb' If 
the result of this equation is greater than 6, then more than 
a single MF6 is required. 
The attenuation at any frequency can be found by the fol- 
lowing equation: 


Attn(f) = 10 log [1 + (100.1Amax-1) (flfb)2nj dB 
(2) 


where n = 6 (the order of the filter). 


2.1 A lOWPASS DESIGN EXAMPLE 
Suppose the amplitude response specification in Figure 8 is 
given. Can the MF6 be used? The order of the Butterworth 
approximation will have to be determined using eq. 1: 


Amin = 30 dB, Amax= 1.0 dB. fs = 2 kHz, and fb = 1 kHz 


n = log (103 - 
1) -log(100.1 - 
1) - 
5.96 
210g(2) 


Since n can only take on integer values, n = 6. Therefore 
the MF6 can be used. In general, if n is 6 or less a single 
MF6 stage can be utilized. 
Likewise, the attenuation at fs can be found using equation 
2 with the above values and n = 6 giving: 


Atten (2 kHz) = 10 log [1 + (100.1- 1) (2 kHz/1 kHz)12j 
= 30.26 dB 
This result also meets the design specification given in Fig- 
ure 8 again verifying that a single MF6 section will be ade- 
quate. 


fb=lk 
f.=2k 


FREQUENCY (Hz) 


Tl/H/5065-24 
FIGURE 8. Design Example Magnitude Response 
Specification 
Where the Response of the Filter Design 
Must Fall Within the Shaded Area of the Specification 
Since the MF6's cutoff frequency fe•which corresponds to a 
gain attenuation of -3.01 
dB, was not specified in this ex- 
ample it needs to be calculated. Solving equation 2 where f 
= fe as follows: 


[ 
(100.1(3.01dB) 
- 
1)]1/(2n) 
f 
-fb 
------ 
e - 
(100.1Amax- 
1) 


[ 
100.301 - 
1]1/12 
= 1 kHz 
100.1_ 1 


= 1.119 kHz 


where fe = fCLK/50 or fCLK/100. 


""I 
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'11'111.,UT"" 
'v 
1oJ••••iw:",::n 
l.V 
Il,.;LK 
- 
,,",V\ I. 
I IV "nLJ - 
;,)0.0 
kHz or for the MF6-100 fCLK = 100(1.116 kHz) = 111.6 
kHz. 


2.2 CASCADING MF6s 
In the case where a steeper stopband attenuation rate is 
required two MF6's can be cascaded (Figure 
9) yielding a 
12th order slope of 72 dB per octave. Because the MF6 is a 
Butterworth filter and therefore has no ripple in its pass- 
band, when MF6s are cascaded the resulting filter also has 
no ripple in its passband. Likewise the DC and passband 
gains will remain at 1VIV. The resulting response is shown 
in Figure 
10. 


In determining whether the cascaded MF6s will yield a filter 
that will meet a particular amplitude response specification, 
as above, equations 3 and 4 can be used, shown below. 


log (100.05Amin_1) - log (10°.05Amax-1) 
n = ------------ 
(3) 
2 log (fs/fb) 


Attn(!) = 10 log [1 + (10°.05Amax-1) (f/fb)2nj dB 
(4) 


where n = 6 (the order of each filter). 


Equation 3 will determine whether the order of the filter is 
adequate (n ,;; 6) while equation 4 can determine if the 
required stopband attenuation is met and what actual cutoff 
frequency (fd is required to obtain the particular frequency 
response desired. The design procedure would be identical 
to the one shown in section 2.1. 


2.3 IMPLEMENTING A "NOTCH" FilTER WITH THE MF6 
A "notch" filter with 60 dB of attenuation can be obtained by 
using one of the Op-Amps, available in the MF6, and three 
external resistors. The circuit and amplitude response are 
shown in Figure 
11. 


The frequency where the "notch" will occur is equal to the 
frequency at which the output signal of the MF6 will have 
the same magnitude but be 180 degrees out of phase with 
its input signal. For a sixth order Butterworth filter 180" 
phase shift occurs where f = fn = 0.742 fe. The attenuation 
at this frequency is 0.12 dB which must be compensated for 
by making R1 = 1.014 X R2. 
Since R1 does not equal R2 there will be a gain inequality 
above and below the notch frequency. At frequencies below 
the notch frequency (f < < fn), the signal through the filter 
has a gain of one and is non-inverting. Summing this with 
the input signal through the Op-Amp yields an overall gain 
of two or +6 dB. For f > > fn, the signal at the output of the 
filter is greatly attenuated thus only the input signal will ap- 
pear at the output of the Op-Amp. With R3 = R1 = 1.014 
R2 the overall gain is 0.986 or -0.12 
dB at frequencies 
above the notch. 
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FIGURE 11b. MF6-50 "Notch" 
Filter Amplitude Response 


Designing with the MF6 (Continued) 


2.4 CHANGING CLOCK FREQUENCY 
INSTANTANEOUSLY 
The MF6 will respond favorably to a sudden change in clock 
frequency. Distortion in the output signal occurs at the tran- 
sition of the clock frequency and lasts approximately three 
cutoff frequency (fel cycles. As shown in Figure 
12, if the 


control signal is low the MF6-50 has a 100 kHz clock mak- 
ing fe = 2 kHz; when this signal goes high the clock fre- 
quency changes to 50 kHz yielding 1 kHz fe. 


The transient response of the MF6 seen in Figure 
13is also 


dependent on the fe and thus the fClK applied to the filter. 
The MF6 responds as a classical sixth order Butterworth 
lowpass filter. 


fiN = 1.5 kHz (scope time base = 2ms/div) 


FIGURE 12. MF6·50 Abrupt Clock Frequency Change 


2.5 ALIASING CONSIDERATIONS 
Aliasing effects have to be taken into consideration when 
input signal frequencies exceed half the sampling rate. For 
the MF6 this equals half the clock frequency (fClK). When 


IS 


2 


FREQUENCY 


~+f 
2 
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FIGURE 13. MF6·50 Step Input Response, Vertical = 


2V/dlv., Horizontal = 1 ms/dlv., fClK = 100 kHz 
the input signal contains a component at a frequency higher 
than half the clock frequency, as in Figure 
14a, that compo- 


nent will be "reflected" 
about fClK/2 
into the frequency 


range be/ow fClK/2 as in Figure 
14b. If this component is 


within the passband of the filter and of large enough ampli- 
tude it can cause problems. Therefore if frequency compo- 
nents in the input signal exceed fClK/2 they must be attenu- 
ated before being applied to the MF6 input. The necessary 
. amount of attenuation will vary depending on system re- 
quirements. In critical applications the signal components 
above fClK/2 will have to be attenuated at least to the fil- 
ter's residual noise level. An example circuit is shown in 
Figure 
15 using one of the uncommitted Op-Amps available 


in the MF6. 
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(b) Output Signal Spectrum. Note that the input signal at 
fs/2 + f causes an output signal to appear at fs/2 - f. 


Figure 14. The phenomenon of aliasing In sampled·data systems. An input signal whose frequency Is greater than one- 
half the sampling frequency will cause an output to appear at a frequency lower than one·half the sampling frequency. 


In the MF6, f. = fClK. 
fII 
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FILTER 8 
IN 


1 


10 ~ 
2".JR,R,c,C2 


Ho ~ 
R,lRa 
(Ho - 
1 when Ra and R, are omitted and V02 is directly tied to INV2). 


Design 
Procedure: 


pick C, 


1 
R2 ~ 20C,wo 


lor a 2nd Order Butterworth 
0 
~ 0.707 


0."3 
R2~~ 


make R1 = R2 


and 
, 


C2 = -(2-".-lo-R-,)2-C-, 


Note: The parallel combination 01 R4 (if used), R1 and A2 should be ~ 10 kfi in order not to load Op-Amp #2. 


t!lNational 
Semiconductor 


General Description 
The MF8 consists of two second-order bandpass filter 
stages and an inverting operational amplifier. The two filter 
stages are identical and may be used as two tracking sec- 
ond-order bandpass filters, or cascaded to form a single 
fourth-order bandpass filter. The center frequency is con- 
trolled by an external clock for optimal accuracy, and may 
be set anywhere between 0.1 Hz and 20 kHz. The ratio of 
clock frequency to center frequency is programmable to 
100:1 or 50:1. Two inputs are available for TIL or CMOS 
clock signals. The TIL input will accept logic levels refer- 
enced to either the negative power supply pin or the ground 
pin, allowing operation on single or split power supplies. The 
CMOS input is a Schmitt inverter which can be made to self- 
oscillate using an external resistor and capacitor. 
By using the uncommitted amplifier and resistors for nega- 
tive feedback, any all-pole (Butterworth, Chebyshev, etc.) 
filter can be formed. This requires only three resistors for a 
fourth-order bandpass filter. 0 of the second-order stages 
may be programmed to any of 31 different values by the five 
"0 logic" pins. The available 0 values span a range from 
0.5 through 90. Overall filter bandwidth is programmed by 
connecting the appropriate 0 logic pins to either V+ or V-. 
Filters with order higher than four can be built by cascading 
MF8s. 


Features 
• 
Center frequency set by external clock 
• 0 set by five-bit digital word 
• 
Uncommitted inverting op amp 
• 
4th-order all-pole filters using only three external 
resistors 
• 
Cascadable for higher-order filters 
• 
Bandwidth, response characteristic, and center 
frequency independently programmable 
• 
Separate TIL and CMOS clock inputs 
• 
18 pin 0.3" wide package 


Key Sp'ecifications 
• 
Center frequency range 0.1 Hz to 20 kHz 
• 0 range 0.5 to 90 
• 
Supply voltage range 9V to 14V (±4.5V to ±7V) 


• 
Center frequency accuracy 1% 
over full temperature 


range 


...n..n..r 


CLOCK IN 
Top View 


Order 
Number 
MF8CCJ 


orMF8CCN 
See NS Package 
Number 


J18Aor 
N18A 
fI 


Absolute Maximum Ratings (Note 1) 


If MIlitary/Aerospace 
specified 
devices 
are required, 
See AN-450 "Surface Mounting Methods and Their Effect 


please 
contact 
the 
National 
Semiconductor 
Sales 
on Product Reliability" for other methods of soldering sur- 
Office/Distributors 
for availability 
and specifications. 
face mount devices. 


Supply Voltage (Vs = V+ - V-) 
-0.3Vto 
+15V 
Operating Ratings (Note 1) 
Voltage at any Input (Note 2) 
V- 
-0.3VtoV+ 
+0.3V 


Input Current at any Input Pin (Note 2) 
±1 mA 
Temperature Range 
TMIN ,;; TA ,;; TMAX 


Output Short-Circuit Current (Note 7) 
±1 mA 
MF8CCN 
O'C,;; TA';; +70'C 


MF8CCJ 
-40'C';; 
TA';; +85'C 


Power Dissipation (Note 3) 
500mW 
Supply Voltage (Vs = V+ - V-) 
+9Vto 
+14V 
Storage Temperature 
- 65'C to + 150'C 
fClK x 0 Range 


Soldering Information: 
for 10Hz,;; fClK ,;; 250 kHz 
anyO 
J Package: 
10 sec. 
2600C 
for 250 kHz';; fClK ,;; 1 MHz 
fClK X 0 ,;; 5 MHz 


N Package: 
10 sec. 
300'C 


SO Package: 
Vapor Phase (60 sec.) 
215'C 
Infrared (15 sec.) 
220'C 


ESD rating is to be determined. 


Filter Electrical Characteristics 
The following specifications apply for V+ = + 5V, V- = -5V, 
CLOAD= 
50 pF and RLOAD= 50 kO on filter output unless otherwise specified. Boldface limits apply for TMINto TMAX;all other limits 
TA = TJ = 25·C. 


MF8CCN 
MF8CCJ 


Symbol 
Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 
(Notes 4, 5) 
Typical 
Limit 
Limit 
Typical 
Limit 
LimIt 
(Note 9) 
(Note 10) (Note 11) 
(Note 9) 
(Note 10) 
(Note 11) 


Ho 
Gainatfo 
fClK = 250 kHz 
6.02 ±.05 
6.02 ±0.2 
6.02 ±0.05 
6.02 ±0.2 
dB 


0 
0 
100:1 
3.92 ±2% 
3.92 ±10% 
3.92 ±2% 
3.92 ±10% 
ABCDE = 11100 


R 
fClK/fo 
99.2 ±0.3% 
99.2 ±1% 
99.2 ±0.3% 
99.2 ±1% 


Ho 
Gainatfo 
fClK = 250 kHz 
6.02 ±0.2 
6.02 ±0.5 
6.02 ±0.2 
6.02 ±0.5 
dB 


0 
0 
100:1 
15.5 ±3% 
15.5 ±12% 
15.5 ±3% 
15.5±12% 
ABCDE = 10011 


R 
fClK/fo 
99.7 ±0.3% 
99.7 ±1% 
99.7 ±0.3% 
99.7±1% 


Ho 
Gain atfo 
fClK = 250 kHz 
5.85 ±0.4 
5.85 ± 1 
5.85 ±0.4 
5.85 ±1 
dB 


0 
0 
50:1 
55 ±5% 
55±14% 
55 ±5% 
55±14% 
ABCDE = 00001 


R 
fClK/fo 
49.9 ±0.2% 
49.9 ±1% 
49.9 ±0.2% 
49.9 ±1% 


Ho 
Gainatfo 
Vs = ±5V ±5% 
6.02 ±0.5 
6.02 
6.02 ±0.5 
6.02 
±1.5 
dB 
fClK ,;; 250 kHz 
± 1.5 


toO/OrH o Deviation from Vs = ±5V ±5% 
Theoretical 
fClK ,;; 250 kHz, 0 > 1 
±5% 
±15'14 
±5% 
± 15",4 
(See Table I) 
fClK ,;; 100 kHz, 


1 < 0 < 57 
±2% 
±6'14 
±2% 
±6'14 


toR/RTH fClK/fo Deviation Vs = ±5V ±5% 
from Theoretical fClK ,;; 250 kHz 
±0.3% 
± 1% 
±0.3% 
±1",4 
(See Table I) 


0 
0 
fClK = 250 kHz, 50:1 
10.6 ±2% 
10.6 
10.6 ±2% 
10.6 
± 10% 
ABCDE = 00110 
± 10",4 


Dynamic Range ABCDE = 11100 
86 
86 
dB 
(Note 6) 
ABCDE = 10011 
80 
80 
dB 


ABCDE = 00001 
75 
75 
dB 
Clock 
Filter and Op Amp 


Feedthrough 
fClK ,;; 250 kHz 
0,;; 
1 
80 
80 
mV 


0>1 
40 
40 
mV 


Is 
Maximum Supply fClK = 250 kHz, no 
9 
12 
12 
9 
13 
mA 
Current 
loads on outputs 


Vas 
Maximum Filter 
fClK = 250 kHz, 0 = 4 


Output Offset 
50:1 
±40 
±120 
±40 
±120 
mV 
Voltage 
100:1 
±80 
±240 
±80 
±240 
mV 


VaUT 
Minimum Filter 
RLOAD= 5kO 
±4.1 
±3.8 
±3 •• 
±4.1 
±3 •• 
V 
Output Swing 
(Note 6) 


Op Amp Electrical Characteristics 
The following 
specifications 
apply for V+ 
= + SV, V- 
= -SV 
and no 
load 
on the Op Amp output unless otherwise 
specified. 
Boldface 
limits 
apply 
for TMIN to T MAX; all other limits TA = TJ = 25°C. 


MF8CCN 
MF8CCJ 


Symbol 
Parameter 
Conditions 
Typical 
Tested 
Design 
Typical 
Tested 
Design 
Units 


Limit 
Limit 
Limit 
Limit 


(Note 
9) 
(Note 
10) 
(Note 
11) 
(Note 
9) 
(Note 
10) 
(Note 
11) 


VOS 
Maximum 
Input Offset 
Voltage 
±8 
±20 
±8 
±20 
mV 


IB 
Maximum 
Input Bias Current 
10 
10 
pA 


Your 
Minimum 
Output Voltage 
Swing 
RLOAD = 5 kO 
±3.S 


'. 


±3.S 
V 


Open Loop Gain 
80 
80 
. 


dB 
AVOL 


GBW 
Gain Bandwidth 
\ 


1.8 
1.8 
MHz 
Product 
,. 
, 


SR 
Slew Rate 
10 
10 
V/)-Ls 


. 


Logic Input and Output Characteristics 
The following 
specifications 
applyforV+ 
= +10VandV- 
= OV unless otherwise 
specified. 
Boldface 
limits 
apply 
for T MIN to TMAX; all other limits TA = TJ = 2SoC. 


, 
MF8CCN 
MF8CCJ 


Symbol 
Parameter 
Conditions 
Typical 
Tl\sted 
Design 
Typical 
Tested 
Design 
Units 
. 
Limit 
Umlt 
Limit 
Limit 
. 


(Note 
9) 
(Note 
11) (Note 
9) (Note 
10) 
(Note 
10 
(Note 
11) 


Vr+ 
Positive 
Threshold 
Min Vs = V+ - 
V- 
referred 
0.7Vs 
0.S8Vs 
0.7Vs 
0.S8Vs 
V 
- 
to V- 
= OV (Note 8) 
Voltage 
on pin 8 
Max 
0.7Vs 
0.89Vs 
0.7Vs 
0.89Vs 
V 


Vr- 
Negative 
Threshold 
Min Vs = V+ 
- 
V- 
referred 
0.3SVs 
0.11Vs 
0.3SVs 
0.11Vs 
V 
- 
to V- 
= OV (Note 8) 
Voltage 
on pin 8 
Max 
0.3SVs 
0.47Vs 
0.3SVs 
0.47Vs 
V 


VOH 
Output Voltage 
on Min High 
10 = -10)-LA 
9.0 
9.0 
9.0 
V 


VOL 
pin 9 
(Note 12) 
Max Low 
10 = +10)-LA 
1.0 
1.0 
1.0 
V 


10H 
Output 
Current 
on 
Min Source 
Pin 9 tied to V- 
6.0 
3.0 
6.0 
3.0 
mA 


10L 
pin 9 
MinSink 
Pin 9 tied to V+ 


, 


5.0 
2.S 
5.0 
2.S 
mA 


VIH 
Input Voltage 
on 
MinHigh 
7.0 
9.0 
7.0 
9.0 
V 


VIL 
pins: 1,2,3,10, 
Max Low 
. 


17, & 18 (Note 12) 
3.0 
I 1.0 
3.0 
1.0 
V 


"; 
-i 
.C', 


IIN 
Input Current 
on pins: 1,2, 
1./ 
\ 


3,7,8,10,17, 
& 18 
10 
10 
10 
)-LA 


VIH 
Input Voltage 
on 
Min High 
V+ 
= +10V,V- 
= OVor 
2.0 
2.0 
2.0 
V 


VIL 
pin7 
Max Low 
V+ 
= +SV, 
V- 
= -SV 
0.8 
0.8 
0.8 
V 


Hote 1: Absolute 
Maximum Raings indk:ate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specified 
operating conditions. 


Note 2: Whenthe appliedvoltageat anypinfalls outsidethe powersupplyvoltages(VIN< V- or VIN> V+), the absolutavalueof currantat that pinshouldbe 
limited to 1 mA or less. 


Note 3: The maximum power dissipation must be derated at elevated temperatures 
and is dictated by TJMAX. 0 JA. and the ambient temperature. 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is Po = (TJMAX - 
TN/@JA or the number given in the Absolute 
Maximum Ratings. whichever 
is lower. For this 
device,TJMAX= 12S'C,and the lypicaljunction-to-ambientthermalresistanceof the MF8CCNwhen boardmountedis srrc/w. 
Forthe MF8CCJ,this number 
increasesto 8S·C/W. 
Note 4: The centerfrequencyof each 2nd-orderfiner sectionis definedas the frequencywherethe phaseshift throughthe filter is zaro. 


Note 5: Q is defined as the measured center frequency 
divided by the measured bandwidth, 
where the bandwidth 
is the difference 
between the two frequenctes 
where the gain is 3 dB less than the gain measured at the center frequency. 


Note e: Dynamicrangeis defined as the ratio of the tested minimumoutput swingof 2.69 Vrrns(±3.8V peak-to-peak)to the widebandnoise over a 20 kHz 
bandwidth.ForOs of 1 or lesathe dynamicrangeand ou1pu1swingwill degradebecausethe gainat an internalnodeis 2/0. Keepingthe inputsignallevelbelow 
1.23xQV.",. 
will avolddlalortIonIn1hiscase. 


Nole 
10: Tested Limits are guaranteed 
to National's 
AOOl 
(Average Outgoing Quality level). 


Note 
11: Design Limits are guaranteed 
but not 100% tested. These limits are not used to calculate 
outgoing 
quality levels. 


Note 
12: These logic levels have been referenced 
to V -. 
The logic levels will shift accordingly 
for split supplies. 


Q Logic Inputs 
A,B,C,D,E 
(3,2,1, 
18, 17): 


AGND(4): 


v+ (12), 
V- 
(11): 


F11N (16), 
F21N (5): 


F10UT(15), 
F20UT(6): 


A IN (13): 


These 
inputs 
program 
the as of the two 
2nd-order 
bandpass 
filter 
stages. 
Logic 


"1" 
is Y+ 
and logic "0" 
is Y-. 


This is the analog 
and digital 
ground 
pin 
and should 
be connected 
to the system 
ground 
for 
split 
supply 
operation 
or bi- 
ased to mid-supply 
for single 
supply 
op- 
eration. 
For best filter 
performance, 
the 
ground 
line should 
be "clean". 


These 
are 
the 
positive 
and 
negative 
power 
supply 
inputs. 
Decoupling 
the 
power 
supply 
pins with 0.1 ",F or larger 
capacitors 
is highly recommended. 


These 
are the inputs to the bandpass 
fil- 
ter 
stages. 
To 
minimize 
gain 
error 
the 
source 
impedance 
should 
be less than 2 
ko.. Input 
signals 
should 
be referenced 
toAGND. 


These 
are the outputs 
of the bandpass 
filter stages. 


This is the inverting 
input to the uncom- 
mitted 
operational 
amplifier. 
The non-in- 
verting 
input 
is internally 
connected 
to 
AGND. 


This 
is the 
output 
of 
the 
uncommitted 
operational 
amplifier. 


This 
pin sets 
the 
ratio 
of the clock 
fre- 
quency 
to the bandpass 
center 
frequen- 
cy. Connecting 
this 
pin to Y+ 
sets 
the 
ratio to 100:1. 
Connecting 
it to Y- 
sets 
the ratio to 50:1. 


This 
is the 
TTL-Ievel 
clock 
input 
pin. 


There 
are two 
logic threshold 
levels, 
so 
the MF8 can be operated 
on either 
sin- 
gle-ended 
or split supplies 
with the logic 
input 
referred 
to 
either 
Y- 
or AGND. 
When 
this 
pin 
is 
not 
used 
(or 
when 
CMOS 
logic 
levels 
are used), 
it should 
be connected 
to either 
Y+ 
or Y-. 


This pin is the input to a CMOS 
Schmitt 


inverter. 
Clock 
signals 
with CMOS 
logic 
levels 
may be applied 
to this input. If the 
TTL input is used this pin should 
be con- 
nected 
to Y-. 


This pin allows 
the 
MF8 to generate 
its 
own clock 
signal. To do this, connect 
an 
external 
resistor 
between 
the RC pin and 
the CMOS 
Clock 
input, 
and an external 


capacitor 
from the CMOS 
Clock 
input to 
AGND. 
The TTL 
Clock 
input 
should 
be 
connected 
to Y- 
or Y+. 
When 
the MF8 
is driven 
from 
an external 
clock, 
the RC 
pin should 
be left open. 


1.0Application Information 


1.1 INTRODUCTION 


A simplified 
block diagram 
for the MF8 is shown 
in Figure 
1. 


The analog 
signal 
path components 
are two 
identical 
2nd- 


order 
bandpass 
filters 
and 
lIn 
operational 
amplifier. 
Each 
filter has a fixed voltage 
gain of 2. The filters' 
cutoff frequen- 


cy is proportional 
to the clock 
frequency, 
which 
may be ap- 


plied to the chip from an external 
source 
or generated 
inter- 
nally with the aid of an external 
resistor 
and capacitor. 
The 
proportionality 
constant 
felK/fo 
can be set to either 
50 or 


100 depending 
on the logic level on pin 10. The "a" 
of the 
two filters 
can have any of 31 values 
ranging 
from 0.5 to 90 
and 
is set by the 
logic 
levels 
on pins 
1, 2, 3, 17, and 
18. 


Table 
I shows 
the available 
values 
of a and the logic levels 
required 
to obtain 
them. 
The operational 
amplifier's 
non-in- 


verting 
input is internally 
grounded, 
so it may be used only 


for inverting 
applications. 


The components 
in the analog 
signal 
path can be intercon- 


nected 
in several 
ways, three 
of which 
are illustrated 
in Fig- 
ures 2a, 2b and 2c. The two second-order 
filter sections 
can 
be used as separate 
filters 
whose 
center 
frequencies 
track 
very closely 
as in Figure 
2a. Each filter 
section 
has a high 
input 
impedance 
and 
low output 
impedance. 
The 
op amp 
may be used for gain scaling 
or other 
inverting 
functions. 
If 


sharper 
cutoff 
slopes 
are 
desired, 
the 
two 
filter 
sections 
may 
be cascaded 
as in Figure 
2b. 
Again, 
the 
op amp 
is 


uncommitted. 
The circuit 
in Figure 
2c uses 
both 
filter 
sec- 
tions with the op amp and three resistors 
to build a "multiple 


feedback 
loop" 
filter. 
This configuration 
offers 
the greatest 


flexibility 
for 
fourth-order 
bandpass 
designs. 
Yirtually 
any 


fourth-order 
all pole 
response 
shape 
(Butterworth, 
Cheby- 


shev) 
can 
be obtained 
with 
a wide 
range 
of bandwidths, 


simply 
by proper 
choice 
of resistor 
values 
and a. The three 


connection 
schemes 
in Figure 2 will be discussed 
in more 


detail 
in Sections 
1.4 and 1.5. 
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Rz 


1.2 CLOCKS 


The MF8 has two clock 
input pins. one for CMOS 
logic lev- 
els and the other for TTL levels. 
The TTL (pin 7) input auto- 
matically 
adjusts 
its sWitching 
threshold 
to enable 
operation 
on either 
single 
or split power 
supplies. 
When 
this input 
is 
used. 
the 
CMOS 
logic 
input 
should 
be 
connected 
to 
pin 
11(V-). 
The 
CMOS 
Schmitt 
trigger 
input 
at pin 8 accepts 
CMOS 
logic levels. When it is used. the TTL input should 
be 
connected 
to either 
pin 11 (V-) 
or pin 12 (V+). 
The basic 
clock 
hookups 
for 
single 
and 
split 
supply 
operation 
are 
shown 
in Figures 
3 and 4. 


FIGURE 
2c. Multiple 
Feedback 
Loop 
Connection 


Clock signals 
derived 
from a crystal-controlled 
oscillator 
are 
recommended 
when 
maximum 
center 
frequency 
accuracy 
is desired. 
but in less critical 
applications 
the MF8 can gen- 
erate its own clock 
signal as in Figures 
3c and 4c. An exter- 
nal resistor 
and capacitor 
determine 
the oscillation 
frequen- 
cy. Tolerance 
of these 
components 
and part-to-part 
varia- 
tions in Schmitt-trigger 
logic thresholds 
limit the accuracy 
of 
the RC clock 
frequency. 
In the self-clocked 
mode 
the TTL 
Clock 
input should 
be connected 
to either 
pin 11 or pin 12. 
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1.3 POWER SUPPLIES AND ANALOG GROUND 
The MFa can be operated from single or dual-polarity power 
supplies. For dual-supply operation, the analog ground (pin 
4) should be connected to system ground. When single sup- 
plies are used, pin 4 should be biased to V+ /2 as in Figures 
3 and 4. The input signal should either be capacitively cou- 


pled to the filter input or biased to V+ /2. It is strongly rec- 
ommended that each power supply pin be bypassed to 
ground with at least a 0.1 p.F ceramic capacitor. In single 
supply applications, with V- connected to ground, V+ and 
AGND should be bypassed to system ground. 
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(b) MF8 Driven with TTL Logic Clock 
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(c) MF8 Driven with the Schmitt Trigger Oscillator 
FIGURE 4. Single supply operation. The AGND pin must be biased to mid-supply. 
The input signal should be de biased to mid-supply or capacitor-coupled 
to the input pin. 
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1.4 MULTIPLE FEEDBACK LOOP CONFIGURATION 
The multi-loop approach to building bandpass filters is high- 
ly flexible and stable, yet uses few external components. 
Figure 5 shows the MFa's internal operational amplifier and 
two second-order filter stages with three external resistors 
in a fourth-order mUltiplefeedback configuration. Higher-or- 
der filters may be built by adding more second-order sec- 
tions and feedback resistors as in Figure 6. The filter's re- 
sponse is determined by the clock frequency, the clock-to- 
center-frequency ratio, the ratios of the feedback resistor 
values, and the as of the second-order filter sections. The 
design procedure for multiple feedback filters can be broken 
down into a few simple steps: 
1) Determine the characteristics of the desired filter. This 
will depend on the requirements of the particular applica- 
tion. For a given application, the required bandpass re- 
sponse can be shown graphically as in Figure 
7, which 
shows the limits for the filter response. Figure 7 also makes 
use of several parameters that must be known in order to 
design a filter. These parameters are defined below in terms 
of Figure 
7. 


I- 
T ::...: . 
.....: : 
....: 
. 


AMIN 
•••••••• 
,.-::..,: 
.,:..,::. 


" 
, 
..' ,,- " 
" 
,,- 


.,-,,-,.-:..,:..-:T 
. 
. 
........ 
" 
.' 
BW 
•••• 
AMIN 
....::..... 
,.,:..-:: 
..-...." 
.. . 
...... ,.-" 
. 
.......- .... 


fCI 
fOBP 
fcz 


FREQUENCY 


TUH/8694-15 
FIGURE 7. Graphical representation 
of the amplitude 
response specifications 
for a bandpass filter. The 
filter's response should fall within the shaded area. 


TL/H/8694-13 
FIGURE 5. General fourth-order 
multiple-feedback 
bandpass filter circuit. MF8 pin numbers are shown. 


FIGURE 6. By adding more second-order 
filter stages and feedback resistors, 
higher order multiple-feedback 
filters may be built. 
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fC1 and fC2:The filter's lower and upper cutoff frequencies. 
These define the filter's passband. 


fS1 and fS2: The boundaries of the filter's stopband. 


BW: The filter's bandwidth. BW = fC2 - 
fC1. 
SBW: The width of the filter's stopband. SBW = fS2 - fS1. 
fa: The center frequency of the filter. fa is equal to the geo- 
metric mean of fC1 and fC2:fa = JfC1fC2.fa is also equal to 
the geometric mean of fS1 and fS2' 
Hasp: The nominal passbanl:! gain of the bandpass filter. 
This is normally taken to be the gain at fa. 


fo/BW: 
The ratio of the center frequency to the bandwidth. 
For second-order filters, this quantity is also known as "0". 
SBW/BW: The ratio of stopband width to bandwidth. This 
quantity is also called "Omega" and may be represented by 
the symbol "n". 
Amax:The maximum allowable gain variation within the filter 
passband. This will depend on the system requirements, but 
typically ranges from a fraction of a dB to 3 dB. 


Amin:The minimum allowable attenuation in the stopband. 
Again, the required value will depend on system constraints. 
2). Choose a Butterworth or Chebyshev response charac- 
teristic. Butterworth bandpass filters are monotonic on ei- 
ther side of the center frequency, while Chebyshev filters 
will have "ripple" in the passband, but generally faster at- 
tenuation outside the passband. Chebyshev filters are spec- 
ified according to the amount of ripple (in dB) within the 
passband. 
3) Determine the filter order necessary to meet the re- 
sponse requirements defined above. This may be done with 
the aid of the nomographs in Figures 
8 and 9 for Butter- 
worth and Chebyshev filters. To use the nomographs, draw 
a line through the desired values on the AMAX/AMINscales 
to the left side of the graph. Draw a horizontal line to the 
right of this point and mark its intersection with the vertical 
line corresponding to the required ratio SBW/BW. The re- 
quired filter order will be equal to the number of the curve 
falling on or just above the intersection of the two lines. This 
is illustrated in Figure 
10 for a Chebyshev filter with 1 dB 


ripple, 30 dB minimum attenuation in the stopband, and 
SBW/BW = 3. From the Figure, the required filter order is 
6. 
4) The design tables in section 2.0 can now be used to find 
the component values that will yield the desired response 
for filters of order 4 through 12. The "Kn" give the ratios of 
resistors "Rn" to RF, and KQ is 0 divided by fo/BW. 
As an example of the Tables' use, consider a fourth-order 
Chebyshev filter with 0.5 dB ripple and fo/BW 
= 6. Begin by 
choosing a convenient value for RF' such as 100 k!l. From 
the "0.5 dB Chebyshev" filter table, Ko = Ro/RF = 1.3405. 
This gives Ro = RF x 1.345 = 134.05k. In a similar man- 
ner, R2 is found to equal 201.61k. 0 is found using the 
column labeled KQ.This gives 0 = KQ x fo/BW 
= 8.4174. 


Table I shows the available 0 values; the nearest value is 
8.5, which is programmed by tying pins 1, 2, 3, and 18 to V+ 
and pin 17 to V-. 


Note that the resistor values obtained from the tables are 
normalized for center frequency gain Hasp = 1. For differ- 
ent gains, simply divide Ro by the desired gain. 
5) Choose the c1ock-to-center-frequency ratio. This will 
nominally be 100:1 when pin 10 is connected to pin 12(V+) 
and 50:1 when pin 10 is connected to pin 11(V-). 
100:1 
generally gives a response curve nearer the ideal and fewer 
(if any) problems with aliasing, while 50:1 allows operation 
over the highest octave of center frequencies (10kHz to 20 
kHz). Supply the MF8 with a clock signal of the appropriate 
frequency to either the TTL or CMOS input, depending on 
the available clock logic levels. 


TABLE I. Q and Clock-to-Center-Frequency 
Ratio 
Versus Logic Levels on "Q-set" Pins 


50:1 mode 
100:1 mode 


ABCDE 
FCLK/Fo 
Q 
FCLK/Fo 
Q 


10000 
43.7 
0.45 
94.0 
0.47 
11000 
45.8 
0.71 
95.8 
0.73 
01000 
46.8 
0.96 
96.8 
0.98 
10100 
48.4 
2.0 
98.4 
2.0 
00100 
48.7 
2.5 
98.7 
2.5 
01100 
48.9 
3.0 
98.9 
3.0 
11100 
49.2 
4.0 
99.2 
4.0 
01010 
49.3 
5.0 
99.3 
5.0 
10010 
49.4 
5.7 
99.4 
5.7 
10110 
49.4 
6.4 
99.4 
6.4 
00010 
49.5 
7.6 
99.5 
7.6 
11110 
49.6 
8.5 
99.6 
8.5 
00110 
49.6 
10.6 
99.6 
10.6 
11001 
49.6 
11.7 
99.6 
11.7 
11010 
49.7 
12.5 
99.7 
12.5 
11101 
49.7 
13.6 
99.7 
13.6 
01001 
49.7 
14.7 
99.7 
14.7 


10011 
49.7 
15.8 
99.7 
15.8 
10101 
49.7 
16.5 
99.7 
16.5 
01110 
49.7 
17 
99.7 
17 
10001 
49.8 
19 
99.8 
19 
10111 
49.8 
22 
99.8 
22 
11011 
49.8 
27 
99.8 
27 
11111 
49.8 
30 
99.8 
30 
00101 
49.8 
33 
99.8 
33 
01011 
49.8 
40 
99.8 
40 
00111 
49.8 
44 
99.8 
44 
00001 
49.9 
57 
99.9 
57 
01101 
49.9 
68 
99.9 
68 
00011 
49.9 
79 
99.9 
79 
01111 
49.9 
90 
99.9 
90 • 


eighth-order Chebyshev with 0.1 dB ripple, center frequency 
equal to 1 kHz, and 100 Hz bandwidth, for example, could 
be built as in Figure 
11with the following component values: 
Ro = 79.86k 
RF = 100k 
R2 = 57.82k 
R3 = 188.08k 
R4 = 203.42k 


Pins 1, 3, 17 and 18 high, pin 2 low. For 100:1 clock-to-cen- 
ter-frequency ratio, pin 10 is tied to V+ and the clock fre- 
quency is 100 kHz. For 50:1 clock-to-center-frequency ratio, 
pin 10 is tied to V- and the clock frequency is 50 kHz. 


When bUildingfilters of order 4 or higher, best performance 
will always be realized when the filter blocks are cascaded 


precede Filter 2 (pins 5 ana 5). It a secona Mt-l:l 
IS usee, 


Filter 2 of the first MF8 should precede Filter 1 of the sec- 
ond MF8, and so on. 


Dynamic 
Considerations 
Some filter response characteristics will result in high gain 
at certain internal nodes, particularly at the op amp output. 
This can cause clipping in intermediate stages even when 
no clipping is evident at the filter output. The consequences 
are significant distortion and degradation of the overall 
transfer function. The likelihood of clipping at the op amp 
output becomes greater as RF/Ro increases. As the design 
tables show, RF/Ro increases with increasing filter order 
and increasing ripple. It is good practice to keep out-of-band 
input signal levels small enough that the first stage can't 
overload. 
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FIGURE 
10. Example 
of Chebyshev 
Bandpass 
Nomograph 
Use. 
SBW 
Amax = 1 dB, Amln = 30 dB, and 
BW 
= 3, resulting 
in n = 6. 
• 


~ 
::E 
1.0 Application 
Information 
(Continued) 


R. 


FIGURE 11. Eighth-Order multiple-feedback 
bandpass filter using two MF8s. The circuit shown 
accepts a TTL-Ievel clock signal and has a clock-to-center-frequency 
ratio of 100:1. 


1.5TRACKING AND CASCADED SECOND-ORDER 


BANDPASS FILTERS 


The individual second-order bandpass stages may be used 
as "stand-alone" 
filters without adding external feedback 


resistors. The clock frequency and Q logic voltages set the 
center frequency and bandwidth of both second-order 
bandpass filters, so the two filters will have equivalent re- 
sponses. Thus, they may be used as separate "tracking" 
filters for two different signal sources as in Figure 2a, or 
cascaded as in Figure 2b. For individual or cascaded sec- 
ond-order bandpass filters, the -3 
dB bandwidth and the 


amplitude response are given by the following two equa- 
tions: 


BW(-3) 
= ~J2(1/N) - 1 


H(s) = [2 
X _7;s_]N 


s2+7;s+w02 


where 
BW(-3) 
= the -3 
dB bandwidth of the overall filter 


iD 
:!!. 
% -10 
~ 


TL/H/8694-20 


FIGURE 12. H(s) For second-order 
bandpass filters with 


various values of Q. Ho normalized In each case to 0 dB. 


2 
3 
• 
5 
6 
7 
8 
9 
10 
Sf!N 
BW 


TUH/8694-21 


FIGURE 13. Design Nomograph for Cascaded 


Identical Second-Order Bandpass Filters 


Q 
= the Q of each second order bandpass stage 


fo 
= the center frequency of the filter in Hertz 


wo 
= 2 ?Tfo = the center frequency of the filter in radians 


per second 


n 
N 
= the number of cascaded second-order stages = 2 


H(s) = the overall filter transfer function 


H(s) for a second order bandpass filter is plotted in Figure 
12. Curves are shown for several different values of Q. Cen- 
ter frequency is normalized to 1 Hz and center-frequency 
gain is normalized to 0 dB. 
To find the necessary order n for cascaded second-order 
bandpass filters using the nomograph in Figure 13,first de- 
termine the -3 
dB bandwidth BW(-3), 
stopband width 


SBW. and minimum stopband attenuation Amin.Draw a ver- 
tical line up from SBW/BW(-3), 
and a horizontal line 


across from Amin.The required order is shown on the curve 
just above the point of intersection of the two lines. Remem- 
ber that each second-order filter section will have a center 
frequency gain of 2, so the overall gain of a cascaded filter 
will be 2N. 


Cascading filters in this way may provide acceptable per- 
formance when minimum external parts count is very impor- 
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tant, but much greater 
flexibility 
and better 
performance 
will 
be obtained 
by using the feedback 
techniques 
described 
in 
1.4. 


1.6 INPUT IMPEDANCE 


The input to each filter block 
is a switched-capacitor 
circuit 
as shown 
in Figure 
14. During the first half of a clock 
cycle, 
the 
input 
capacitor 
charges 
to the 
input 
voltage 
Vin, and 
during 
the second 
half-cycle, 
its charge 
is transferred 
to a 
feedback 
capacitor. 
The 
input 
impedance 
approximates 
a 
resistor 
of value 


1 
Rin~---· 


CinfClK 


Cin depends 
on the value of Q selected 
by the Q logic pins, 
and varies 
from about 
1 pF to about 
5 pF. For a worst-case 
calculation 
of Rin, assume 
Cin = 5 pF. Thus, 


. 
1 
Rin(mln) 
"" 5 x 10 -12fClK 


TL/H/8694-22 
FIGURE 
14. Simplified 
MF8 Input Stage 


At the 
maximum 
clock 
frequency 
of 
1 
MHz, 
this 
gives 
Rin '" 
200k. 
Note that Rin increases 
as fClK decreases, 
so 
the input impedance 
should 
never be less than this number. 
Source 
impedance 
should 
be low enough 
that the gain isn't 
significantly 
affected. 


1.7 OUTPUT 
DRIVE 


The filter outputs 
can typically 
drive a 5 kO load resistor 
to 
over 
±4V 
peak-to-peak. 
Load 
resistors 
smaller 
than 
5 kO 
should 
not be used. The operational 
amplifier 
can drive the 
minimum 
recommended 
load resistance 
of 5 kO to at least 


±3.5V. 


1.8 SAMPLED-DATA 
SYSTEM 
CONSIDERATIONS 


Aliasing 


The 
MF8 
is a sampled-data 
filter, 
and 
as such, 
differs 
in 
many ways from conventional 
continuous-time 
filters. 
An im- 
portant 
characteristic 
of sampled-data 
systems 
is their 
ef- 
fect 
on 
signals 
at 
frequencies 
greater 
than 
one-half 
the 
sampling 
frequency. 
(The MF8's 
sampling 
frequency 
is the 
same 
as its clock 
frequency). 
If a signal 
with 
a frequency 
greater 
than 
one-half 
the sampling 
frequency 
is applied 
to 
the input of a sampled-data 
system, 
it will be "reflected" 
to 
a frequency 
less 
than 
one-half 
the 
sampling 
frequency. 


Thus, 
an input signal whose 
frequency 
is f5/2 + 10 Hz will 
cause the system 
to respond 
as though 
the input frequency 


was f5/2 
- 
10 Hz. This 
phenomenon 
is known 
as "alias- 


ing". 
Aliasing 
can be reduced 
or eliminated 
by limiting 
the 
input 
signal 
spectrum 
to less than 
f5/2. 
This 
may in some 
cases 
require 
the use of a bandwidth-limiting 
filter (a simple 
passive 
RC network 
will generally 
suffice) 
ahead of the MF8 
to 
attenuate 
unwanted 
high-frequency 
signals. 
However, 


since 
the clock 
frequency 
is much greater 
than 
the center 


frequency, 
this will usually 
not be necessary. 


Output 
Steps 


Another 
characteristic 
of sampled-data 
circuits 
is that 
the 
output 
voltage 
changes 
only once every clock 
cycle, 
result- 


ing in a discontinuous 
output 
signal (Figure 
15). The "steps" 


are 
smaller 
when 
the 
clock-to-center-frequency 
ratio 
is 
100: 1 than when 
the ratio is 50: 1. 


Clock Frequency 
Limitations 


The performance 
characteristics 
of a switched-capacitor 
fil- 
ter depend 
on the switching 
(clock) 
frequency. 
At very low 
clock 
frequencies 
(below 
10 Hz), the internal 
capacitors 
be- 
gin to discharge 
slightly 
between 
clock cycles. 
This is due to 
very small parasitic 
leakage 
currents. 
At very low clock 
fre- 
quencies, 
the time between 
clock 
cycles 
is relatively 
long, 
allowing 
the 
capacitors 
to discharge 
enough 
to affect 
the 
filters' 
output 
offset 
voltage 
and gain. This effect 
becomes 
stronger 
at elevated 
operating 
temperatures. 


At higher clock 
frequencies, 
performance 
deviations 
are pri- 
marily due to the reduced 
time available 
for the internal 
inte- 
grating 
op amps to settle. 
For this reason, 
the clock 
wave- 
form's 
duty cycle 
should 
be as close 
as possible 
to 50%, 


especially 
at higher frequencies. 
Filter Q shows 
more varia- 
tion from the nominal 
values 
at higher 
frequencies, 
as indi- 
cated 
in the typical 
performance 
curves. 
This is the reason 
for the different 
maximum 
limits 
on Q accuracy 
at fClK = 
250 kHz and fClK 
= 100 kHz in the table 
of performance 
specifications. 


Center 
Frequency 
Accuracy 


Ideally, 
the ratio felK/fo 
should 
be precisely 
100 or 50, de- 


pending 
on the logic voltage 
on pin 10. However, 
as Table 
I 
shows, 
this 
ratio 
will change 
slightly 
depending 
on the 
Q 
selected. 
As the table shows, 
the largest 
errors occur at the 
lowest 
values 
of Q. 


FIGURE 15. Output 
Waveform 
of 
MF8 Showing 
Sampling 
Steps 
• 


2.0 Design Tables for Multiple Feedback 
Loop Bandpass Filters 


BUTTERWORTH 
RIPPLE 
3 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
2.0000 
4.0000 
1.4142 


6 
2.3704 
2.6667 
9.1429 
1.5000 
8 
2.9142 
2.0000 
5.8284 
14.3145 
1.5307 
10 
3.6340 
1.6000 
4.4112 
6.9094 
27.2014 
1.5451 
"12 
4.5635 
1.3333 
3.5800 
4.3198 
11.5043 
49.0673 
1.5529 


CHEBYSHEV 
RIPPLE 
0.01 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
1.9041 
3.6339 
0.4489 
6 
1.8277 
1.8450 
6.6170 
0.9438 
8 
1.4856 
0.9919 
3.1209 
5.0414 
1.4257 
"10 
1.0171 
0.5740 
1.7484 
1.2943 
4.8814 
1.8908 


CHEBYSHEV 
RIPPLE 0.02 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
1.8644 
3.4922 
0.5393 
6 
1.7024 
1.6787 
6.0772 
1.0849 
8 
1.2893 
0.8707 
2.7661 
4.0779 
1.6106 
"10 
0.8163 
0.4934 
1.5155 
0.9879 
3.7119 
2.1179 


CHEBYSHEV 
RIPPLE 0.03 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
1.8341 
3.3871 
0.6016 
6 
1.6183 
1.5713 
5.7231 
1.1808 
8 
1.1688 
0.7977 
2.5491 
3.5270 
1.7362 
"10 
0.7034 
0.4467 
1.3786 
0.8252 
3.0938 
2.2724 


CHEBYSHEV 
RIPPLE 
0.04 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
1.8085 
3.3009 
0.6508 
6 
1.5535 
1.4908 
5.4548 
1.2560 
8 
1.0814 
0.7454 
2.3919 
3.1471 
1.8348 
"10 
0.6264 
0.4139 
1.2818 
0.7181 
2.6883 
2.3940 


CHEBYSHEV 
RIPPLE 
0.05 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
1.7860 
3.2268 
0.6923 
6 
1.5002 
1.4260 
5.2373 
1.3191 
8 
1.0129 
0.7046 
2.2685 
2.8609 
1.9175 
"10 
0.5686 
0.3888 
1.2072 
0.6402 
2.3938 
2.4961 


CHEBYSHEV 
RIPPLE 
0.06 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
1.7657 
3.1612 
0.7285 
6 
1.4548 
1.3717 
5.0536 
1.3741 
8 
0.9566 
0.6713 
2.1670 
2.6336 
1.9897 
"10 
0.5230 
0.3685 
1.1467 
0.5800 
2.1666 
2.5852 


2.0 Design Tables for Multiple Feedback 
Loop Bandpass Filters 
(Continued) 


- 
CHEBYSHEV 
RIPPLE .07 dB 
- 


Order 
Ko 
K2 
Ks 
K4 
Ks 
Ke 
KQ 


4 
1.7471 
3.1020 
0.7609 
6 
1.4150 
1.3249 
4.8943 
1.4232 


8 
0.9089 
0.6431 
2.0808 
2.4466 
2.0543 


"10 
0.4856 
0.3516 
1.0959 
0.5316 
1.9842 
2.6649 


CHEBYSHEV 
RIPPLE .08 dB 


Order 
Ko 
K2 
Ks 
K4 
Ks 
Ke 
KQ 


4 
1.7298 
3.0478 
0.7905 
6 
1.3795 
1.2837 
4.7534 
1.4679 
8 
0.8675 
0.6187 
2.0060 
2.2887 
2.1130 


CHEBYSHEV 
RIPPLE .09 dB 


Order 
Ko 
K2 
Ks 
K4 
Ks 
Ke 
KQ 


4 
1.7136 
2.9978 


I 
0.8177 
6 
1.3475 
1.2469 
4.6271 
1.5090 
8 
0.8311 
0.5973 
"1.9400 
2.1529 
2.1671 


CHEBYSHEV 
RIPPLE 0.1 dB 


Order 
Ko 
K2 
Ks 
K4 
Ks 
Ke 
KQ 


4 
1.6983 
2.9512 
0.8430 
6 
1.3183 
1.2137 
4.5125 
1.5473 
8 
0.7986 
0.5782 
1.8809 
2.0343 
2.2176 


CHEBYSHEV 
RIPPLE 0.2 dB 


Order 
Ko 
K2 
Ks 
K4 
Ks 
Ke 
KQ 


4 
1.5757 
2.5998 
1.0378 
6 
1.1128 
0.9894 
3.7271 
1.8413 
8 
0.5891 
0.4551 
1.4954 
1.3309 
2.6057 


CHEBYSHEV 
RIPPLE 0.3 dB 


Order 
Ko 
K2 
Ks 
K4 
Ks 
Ke 
KQ 


4 
1.4833 
2.3575 
1.1804 
6 
0.9835 
0.8560 
3.2501 
2.0568 


"8 
0.4732 
0.3861 
1.2760 
0.9885 
2.8914 


CHEBYSHEV 
RIPPLE 0.4 dB 
- 


Order 
Ko 
K2 
Ks 
K4 
Ks 
Ke - 
KQ 


4 
1.4067 
2.1698 
1.2988 
6 
0.8888 
0.7618 
2.9088 
2.2363 


"8 
0.3956 
0.3391 
1.1250 
0.7792 
- 
3.1299 


CHEBYSHEV 
RIPPLE 0.5 dB 


Order 
Ko 
K2 
Ks 
K4 
Ks 
Ke 
KQ 


4 
1.3405 
2.0161 
1.4029 
6 
0.8143 
0.6897 
2.6447 
2.3944 


"8 
0.3389 
0.3040 
1.0114 
0.6365 
3.3406 • 


Order 
Ko 
K2 
K3 
K4 
Ks 
Ke 
KQ 


4 
1.2816 
1.8857 
1.4975 


6 
0.7530 
0.6316 
2.4305 
2.5385 


'8 
0.2952 
0.2762 
0.9212 
0.5326 
-~ 
3.5329 


CHEBYSHEV 
RIPPLE 0.7 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
Ke 
KQ 


4 
1.2283 
1.7727 
1.5852 
6 
0.7012 
0.5834 
2.2515 
2.6724 


'8 
0.2601 
0.2535 
0.8471 
0.4535 
3.7119 


CHEBYSHEV 
RIPPLE 0.8 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
Ke 
KQ 


4 
1.1797 
1.6731 
1.6678 
6 
0.6564 
0.5424 
2.0983 
2.7989 


'8 
0.2314 
0.2344 
0.7846 
0.3913 
3.8811 


CHEBYSHEV 
RIPPLE 0.9 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
1.1347 
1.5841 
1.7464 
6 
0.6171 
0.5068 
1.9650 
2.9194 


'8 
0.2073 
0.2181 
0.7309 
0.3413 
4.0426 


CHEBYSHEV 
RIPPLE 1.0 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
1.0930 
1.5039 
1.8219 
6 
0.5822 
0.4756 
1.8475 
3.0354 


'8 
0.1869 
0.2038 
0.6840 
0.3002 
I 
4.1981 


CHEBYSHEV 
RIPPLE 1.1 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
Ke 
Ko 


4 
1.0539 
1.4310 
1.8949 
6 
0.5509 
0.4479 
1.7428 
3.1476 
'8 
0.1693 
0.1913 
0.6426 
0.2660 
4.3487 


CHEBYSHEV 
RIPPLE 1.2 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
1.0173 
1.3643 
1.9657 
6 
0.5226 
0.4231 
1.6487 
3.2567 
'8 
0.1540 
0.1801 
0.6056 
0.2372 


r 
4.4952 


CHEBYSHEV 
RIPPLE 1.3dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
0.9828 
1.3029 
2.0348 
6 
0.4969 
0.4006 
1.5634 
3.3633 
'8 
0.1406 
0.1701 
0.5724 
0.2125 
4.6385 


2.0 Design Tables for Multiple Feedback 
Loop Bandpass Filters 
(Continued) 


CHEBYSHEV 
RIPPLE 
1.4 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
Ko 


4 
0.9501 
1.2461 
2.1024 
6 
0.4733 
0.3803 
1.4857 
. 
3.4678 


CHEBYSHEV 
RIPPLE 1.5 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
0.9192 
1.1934 
2.1688 
6 
0.4515 
0.3616 
1.4145 
3.5705 


CHEBYSHEV 
RIPPLE 1.6 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
0.8897 
1.1443 
2.2341 
6 
0.4315 
0.3445 
1.3490 
3.6717 


CHEBYSHEV 
RIPPLE 1.7 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
0.8617 
1.0983 
2.2986 
6 
0.4128 
0.3287 
1.2883 
, 
3.7717 


CHEBYSHEV 
RIPPLE 1.8 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
0.8350 
1.0553 
2.3624 
6 
0.3955 
0.3141 
1.2321 
.- 
3.8706 


CHEBYSHEV 
RIPPLE 1.9 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
0.8095 
1.0148 
2.4255 
6 
0.3793 
0.3005 
1.1797 
3.9687 


CHEBYSHEV 
RIPPLE 2.0 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
0.7850 
0.9767 
2.4881 
6 
0.3641 
0.2878 
1.1308 
4.0660 


CHEBYSHEV 
RIPPLE 2.1 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
0.7616 
0.9407 
2.5503 
6 
0.3498 
0.2759 
1.0850 
4.1628 


CHEBYSHEV 
RIPPLE 2.2 dB 


Order 
Ko 
K2 
K3 
K4 
Ks 
K6 
KQ 


4 
0.7391 
0.9067 
2.6122 
6 
0.3364 
0.2648 
1.0420 
4.2591 • 


2.0 Design Tables for Multiple Feedback Loop Bandpass Filters 
(Continued) 


CHEBYSHEV 
RIPPLE 
2.3 dB 


Order 
Ko 
K2 
Ka 
K4 
Ks 
K6 
Ko 


4 
0.7176 
0.8744 
2.6737 


6 
0.3237 
0.2544 
1.0016 
4.3550 


CHEBYSHEV 
RIPPLE 
2.4 dB 


Order 
Ko 
K2 
Ka 
K4 
Ks 
K6 
Ko 


4 
0.6968 
0.8438 
2.7350 


6 
0.3118 
0.2446 
0.9635 
4.4507 


CHEBYSHEV 
RIPPLE 
2.5 dB 


Order 
Ko 
K2 
Ka 
K4 
Ks 
K6 
Ko 


4 
0.6769 
0.8148 
2.7962 


6 
0.3005 
0.2353 
0.9275 
4.5462 


CHEBYSHEV 
RIPPLE 
2.6 dB 


Order 
Ko 
K2 
Ka 
K4 
Ks 
K6 
Ko 


4 
0.6577 
0.7871 
2.8573 


6 
0.2897 
0.2265 
0.8935 
4.6415 


CHEBYSHEV 
RIPPLE 
2.7 dB 


Order 
Ko 
K2 
Ka 
K4 
Ks 
K6 
Ko 


4 
0.6392 
0.7607 
2.9183 


6 
0.2796 
0.2182 
0.8612 
4.7368 


CHEBYSHEV 
RIPPLE 
2.8 dB 


Order 
Ko 
K2 
Ka 
K4 
Ks 
K6 
Ko 


4 
0.6213 
0.7356 
2.9792 
6 
0.2699 
0.2104 
0.8306 
4.8322 


" 


CHEBYSHEV 
RIPPLE 
2.9 dB 


Order 
Ko 
K2 
Ka 
K4 
Ks 
K6 
Ko 


4 
0.6041 
0.7116 
3.0402 
6 
0.2607 
0.2029 
0.8016 
4.9276 


CHEBYSHEV 
RIPPLE 
3.0 dB 


Order 
Ko 
K2 
Ka 
K4 
Ks 
K6 
Ko 


4 
0.5875 
0.6886 
3.1013 
6 
0.2519 
0.1959 
0.7739 
5.0231 


Note: Multiple feedback 
loop filters of higher ordar than those specifiad 
in the tables will oscillate 
due to phase shift at the output of the summing amplifier. This 
phase shill is not tha fautt of the MFa; tt is inherent in this type of multiple feedback 
loop topology. In additioQ. all filters marked with an asterisk (0) will be unstable 


fOf a ,;;1, due to phase shills caused by the MFa's swilched-capacitor 
design approach. 


MF10 
Universal Monolithic Dual 
Switched Capacitor Filter 


General Description 


The MF10 consists 
of 2 independent 
and extremely 
easy to 
use, 
general 
purpose 
CMOS 
active 
filter 
building 
blocks. 


Each block, together 
with an external 
clock and 3 to 4 resis- 
tors, can produce 
various 
2nd order functions. 
Each building 
block 
has 3 output 
pins. One of the outputs 
can be config- 
ured to perform 
either an allpass, 
highpass 
or a notch func- 
tion; the remaining 
2 output 
pins perform 
lowpass 
and band- 
pass 
functions. 
The 
center 
frequency 
of the 
lowpass 
and 
bandpass 
2nd order functions 
can be either 
directly 
depen- 
dent 
on the clock 
frequency, 
or they 
can depend 
on both 
clock 
frequency 
and external 
resistor 
ratios. The center 
fre- 
quency 
of the notch and all pass functions 
is directly 
depen- 
dent on the clock 
frequency, 
while 
the high pass center 
fre- 
quency 
depends 
on both resistor 
ratio and clock. 
Up to 4th 
order functions 
can be performed 
by cascading 
the two 2nd 
order 
building 
blocks 
of the 
MF10; 
higher 
than 
4th 
order 
functions 
can 
be obtained 
by cascading 
MF10 
packages. 


Any 
of the 
classical 
filter 
configurations 
(such 
as Butter- 


worth, 
Bessel, 
Cauer and Chebyshev) 
can be formed. 


For pin-compatible 
device 
with improved 
performance 
refer 
to LMF100 
datasheet. 


Features 


• 
Easy to use 
• 
Clock 
to center 
frequency 
ratio accuracy 
± 0.6% 


• 
Filter 
cutoff 
frequency 
stability 
directly 
dependent 
on 
external 
clock 
quality 


• 
Low sensitivity 
to external 
component 
variation 


• 
Separate 
highpass 
(or notch 
or allpass), 
bandpass, 
low- 
pass outputs 


• 
foX 
Q range 
up to 200 kHz 


• 
Operation 
up to 30 kHz 


• 
20-pin 
0.3" 
wide Dual-In-Line 
package 


• 
20-pin 
Surface 
Mount 
(SO) wide-body 
package 


6 
+-OSAIB 


Surface 
Mount and Dual-In-Llne 
Package 


LPA 
1 


BPA 
2 


H/AP/HPA 
3 


IHVA 
4 


SlA 
5 


SA/B 
6 


VA+ 
7 


Vo+ 
B 


LSh 
9 


CLKA 
10 


20 
LPB 


19 
BPB 


18 
H/ AP/HPB 


17 
IHVB 


16 
SIB 


15 
AGHO 


14 
VA- 


13 
Vo- 


12 
50/100/CL 


11 
CLKs 


Order 
Number 
MF10AJ 
or MF10CCJ 
See NS Package 
Number 
J20A 


Order 
Number 
MF10ACWM 
or 
MF10CCWM 
See NS Package 
Number 
M20B 


Order 
Number 
MF10ACN 
or 
MF10CCN 
See NS Package 
Number 
N20A 


PI 


Absolute Maximum Ratings (Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Soldering 
Information 
please 
contact 
the 
National 
Semiconductor 
Sales 
N Package: 
10 sec. 
260'C 
Office/Distributors 
for 
availability 
and 
specifications. 
J Package: 
10 sec. 
300'C 


Supply Voltage 
(V+ 
- 
V-) 
14V 
SO Package: 
Vapor Phase (60 Sec.) 
21S'C 


Voltage 
at Any Pin 
V+ 
+ 0.3V 
Infrared 
(lS Sec.) 
220'C 


V- 
- 
0.3V 
See AN-4S0 
"Surface 
Mounting 
Methods 
and Their 
Effect 


Input Current 
at Any Pin (Note 2) 
SmA 
on Product 
Reliability" 
(Appendix 
D) for other 
methods 
of 


Package 
Input Current 
(Note 2) 
20mA 
soldering 
surface 
mount 
devices. 


Power Dissipation 
(Note 3) 
SOOmW 
Operating Ratings (Note 1) 
Storage 
Temperature 
lS0'C 
Temperature 
Range 
TMIN ,;; TA ,;; TMAX 
ESD Susceptability 
(Note 11) 
2000V 
MF10ACN, 
MF10CCN 
O'C ,;; TA ,;; 70'C 


MF10CCWM, 
MF10ACWM 
O'C ,;; TA ,;; 70'C 


MF10CCJ 
-40'C 
,;; TA ,;; 8S'C 


MF10AJ 
-SS'C';; 
TA';; 
12S'C 
Electrical Characteristics 
v+ 
= 
+S.OOV 
and 
V- 
= - S.OOV unless 
otherwise 
specified. 
Boldface 
limits 
apply 
for 
TMIN to TMAX; all other 
limits TA = TJ = 2S·C. 


MF10ACN, 
MF10CCN, 
MF10CCJ, 
MF10AJ 
MF10ACWM, 
MF10CCWM 


Symbol 
Parameter 
Conditions 
Typical 
Tested 
Design 
Typical 
Tested 
Design 
Units 
limit 
Limit 
Limit 
Limit 
(Note 
8 (Note 
9) (Note 
10) (Note 
8 (Note 
9 (Note 
10) 


V+ 
- 
V- 
Supply Voltage 
Min 
9 
9 
V 


Max 
14 
14 
V 


Is 
Maximum 
Supply 
Clock Applied 
to Pins 10 & 11 
8 
12 
12 
8 
12 
mA 
Current 
No Input Signal 


fa 
Center 
Frequency 
~ 
fa x Q < 200 kHz 
0.1 
0.2 
0.1 
0.2 
Hz 
Range 
Max 
30 
20 
30 
20 
kHz 


fCLK 
Clock Frequency 
Min 
S.O 
10 
S.O 
10 
Hz 
Range 
- 
Max 
1.S 
1.0 
1.S 
1.0 
MHz 


fCLK/fo 
SO:l Clock to 
MF10A Q = 10 
Vpin12 = SV 
±0.2 
±0.6 
±0.6 
±0.2 
±1.0 
% 
Center 
Frequency 
- 
Mode 1 
fCLK = 2S0 kHz 
Ratio Deviation 
MF10C 
±0.2 
±l.S 
± 1.5 
±0.2 
±1.5 
% 


fCLK/fo 
100:1 Clock to 
MF10A Q = 10 
Vpin12 = OV 
±0.2 
±0.6 
±0.6 
±0.2 
±1.0 
% 
Center 
Frequency 
- 
Mode 1 
fCLK = SOOkHz 
Ratio Deviation 
MF10C 
±0.2 
±l.S 
±1.5 
±0.2 
± 1.5 
% 


Clock Feedthrough 
Q = 10 
10 
10 
mV 
Mode 1 


Q Error (MAX) 
Q = 10 
Vpin12 = SV 
±2 
±6 
±6 
±2 
±10 
% 
(Note 4) 
Model 
fCLK = 2S0 kHz 


Vpin12 = OV 
±2 
±6 
±6 
±2 
±10 
% 
fCLK = SOOkHz 


HOLP 
DC Lowpass 
Gain 
Mode 1 Rl = R2 = 10k 
0 
±0.2 
±0.2 
0 
±0.2 
dB 


VOS1 
DC Offset 
Voltage 
(Note S) 
±S.O 
±20 
±20 
±S.O 
±20 
mV 


VOS2 
DC Offset 
Voltage 
~ 
Vpin12 = +SV 
SAIB = V+ 
-lS0 
-18S 
-185 
-lS0 
-185 
mV 
(NoteS) 
Max 
(fCLK/fo = SO) 
-8S 
-85 
-85 


Min 
Vpin12 = +SV 
SA/B = V- 
-70 
-70 
mV 
- 
Max 
(fCLK/fo 
= SO) 


VOS3 
DC Offset 
Voltage 
Min 
Vpin12 = +SV 
All Modes 
-70 
-100 
-100 
-70 
-100 
mV 
(NoteS) 
- 
(fCLK/fo 
= SO) 
Max 
-20 
-20 
-20 


VOS2 
DC Offset 
Voltage 
Vpin12 = OV 
SAIB = V+ 
-300 
-300 
mV 
(NoteS) 
(fCLK/fo = 100) 


Vpin12 = OV 
SA/B = V- 
-140 
-140 
mV 
(NoteS) 
(fCLK/fo 
= 100) 


VOS3 
DC Offset 
Voltage 
Vpin12 = OV 
All Modes 
-140 
-140 
mV 
(NoteS) 
(fCLK/fo 
= 100) 


Electrical Characteristics 
(Continued) 
V+ = + 5.00V and V- 
= -5.00V 
unless otherwise 
specified. 


Boldface 
limits 
apply 
for 
TMIN to TMAX; all other 
limits TA = TJ = 25°C. 


MF10ACN, 
MF10CCN, 
MF10CCJ, 
MF10AJ 
MF10ACWM, 
MF10CCWM 


Symbol 
Parameter 
Conditions 
Typical 
Tested 
Design 
Typical 
Tested 
Design 
Units 
limit 
Limit 
Limit 
Limit 
(Note 
8) (Note 
9) (Note 
10) (Note 
8) (Note 
9) (Note 
10) 


VOUT 
Minimum 
Output 
!BP, LP Pins 
Rl = 5k 
±4.25 
±3.8 
±3.8 
±4.25 
±3.8 
V 


Voltage 
Swing 
IN/AP/HP 
Pin Rl = 3.5k 
±4.25 
±3.8 
±3.8 
±4.25 
±3.8 
V 


GBW 
Op Amp Gain BW Product 
2.5 
2.5 
MHz 


SR 
Op Amp Slew Rate 
7 
7 
V/JJos 


Dynamic 
Range 
Vpin12 = +5V 
83 
83 
dB 
(Note 6) 
(fClK/fo 
= 50) 


Vpin12 = OV 
80 
80 
dB 
(fClK/fo 
= 100) 


ISC 
Maximum 
Output 
Short ISource 
20 
20 
mA 


Circuit Current 
(Note 7)ISink 
3.0 
3.0 
mA 


Logic Input Characteristics 
Boldface 
limits 
apply 
forTMIN 
to TMAX; all other limitsTA 
= TJ = 25°C 


MF10ACN, 
MF10CCN, 
MF10CCJ, 
MF10AJ 
MF10ACWM, 
MF10CCWM 


Parameter 
Conditions 
Typical 
Tested 
Design 
Typical 
Tested 
Design 
Units 


Limit 
Limit 
Limit 
Limit 
(Note 
8) 
(Note 
9) 
(Note 
10) 
(Note 
8) 
(Note 
9) 
(Note 
10) 


CMOS Clock 
Min Logical 
"1" 
V+ = +5V, 
V- 
= -5V, 
+3.0 
+3.0 
+3.0 
V 


Input Voltage 
Max Logical 
"0" 
VlSh = OV 
-3.0 
-3.0 
-3.0 
V 


Min Logical 
"1" 
V+ = +10V, 
V- 
= OV, 
+8.0 
+8.0 
+8.0 
V 


Max Logical 
"0" 
VlSh = +5V 
+2.0 
+2.0 
+2.0 
V 


TILClock 
Min Logical 
"1" 
V+ = +5V, 
V- 
= -5V, 
+2.0 
+2.0 
+2.0 
V 


Input Voltage 
Max Logical 
"0" 
VlSh = OV 
+0.8 
+0.8 
+0.8 
V 


Min Logica' 
"1" 
V+ = +10V, 
V- 
= OV, 
+2.0 
+2.0 
+2.0 
V 


Max Logical 
"0" 
VlSh 
+0.8 
+0.8 
+0.8 
V 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its specified 
operating 
conditions. 


Note 2: When the input voltage (VtN) at any pin exceeds the power supply rails (VIN < V- or VIN > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries 
with a 5 mA current limit to four. 


Note 3: The maximum power dissipation must be derated at elevated temperatures 
and is dictated by TJMAX. 6JA. and the ambient temperature. 
TA. The maximum 
allowable 
power dissipation 
at any temperature 
is Po = (TJMAX - 
TAJI6JA or the number given in the Absolute 
Maximum Ratings, whichever 
is lower. For this 
device, TJMAX = 12S"'C. and the typical junction-to-ambient 
thermal resistance of the MF1 OACN/CCN when board mounted is SS"'C/W. For the MF10AJ/CCJ, 
this 


number increases 
to 9S"'C/W and for the MF10ACWM/CCWM 
this number is 66"'C/W. 


Note 
4: The accuracy 
of the Q value is a function 
of the center 
frequency 
(fo). This is illustrated 
in the curves 
under the heading 
"Typical 
Performance 
Characteristics". 


Note 5: VaS1, VOS2, and VaS3 refer to the internal offsets as discussed 
in the Applications 
Information 
Section 3.4. 


Note 6: For ±SV supplies the dynamic range is referenced 
to 2.82V rms (4V peak) where the wideband 
noise over a 20 kHz bandwidth 
is typically 200 p.V rms for 


the MF10with a 50:1ClK ratioand 280 /LV rmsfor the MF10with a 100:1ClK ratio. 


Note 7: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst case conditions. 


Note 8: Typicals are at 2S"'C and represent 
most likely parametric 
norm. 


Note 9: Tested limits are guaranteed 
to National's 
AOQL (Average Outgoing Quality Level). 


Note 
10: Design limits are guaranteed 
but not 100% tested. These limits are not used to calculate 
outgoing quality levels. 


Note 
11: Human body model, 100 pF discharged 
through a 1.S kO resistor. 


fI 


Typical Performance 
Characteristics 


Positive Output Voltage Swing 
Negative Output Voltage 
Power Supply Current 
vs Load Resistance 
Swing vs Load 
vs Power Supply Voltage 
(N/AP/HP Output) 
Resistance (NI AP/HP Output) 
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vs Temperature 
vs Temperature 
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Pin Descriptions 
LP(l,20), BP(2,19),The second order Jowpass, bandpass 
N/AP/HP(3,18) 
and 
notch/allpass/highpass 
outputs. 


These outputs can typically sink 1.5 mA 
and source 3 mA. Each output typically 
swings to within 1V of each supply. 
INV(4,17) 
The inverting input of the summing op- 
amp of each fitter. These are high im- 
pedance inputs, but the non-inverting in- 
put is internally tied to AGND, making 
INVA and INVB behave like summing 
junctions (low impedance, current in- 
puts). 


51(5,16) 
51 is a signal input pin used in the all- 
pass filter configurations (see modes 4 
and 5). The pin should be driven with a 
source impedance of less than 1 kfi. If 
51 is not driven with a signal it should be 
tied to AGND (mid-supply). 


Deviation of fCLK 
VBNominal Q fo 
1.0 


1.0 
10 


NOMINALQ 


5A1B(6) 
This pin activates a switch that connects 
one of the inputs of each filter's second 
summer to either AGND (5A1B tied to 
V~) or to the Jowpass(LP) output (5A1B 
tied to V+). This offers the flexibility 
needed for configuring the filter in its 
various modes of operation. 


VA+ (7),Vo+ (8) 
Analog positive supply and digital posi- 
tive supply. These pins are internally 
connected through the Ie substrate and 
therefore VA+ and Vo + should be de- 
rived 
from 
the 
same 
power 
supply 


source. They have been brought out 
separately so they can be bypassed by 
separate capacitors, if desired. They 
can be externally tied together and by- 
passed by a single capacitor. 
VA-(14), Vo-(13) 
Analog and digital negative supplies. 
The same comments as for VA+ and 
Vo + apply here. 


CLKA(10), 
CLKB(11) 


MF10 
can 
be driven 
with 
CMOS 
clock 
levels (± 5V) and the LSh pin should 
be 
tied to the 
system 
ground. 
If the same 
supplies 
as above are used but only TIL 
clock 
levels, 
derived 
from 
OV to + 5V 
supply, are available, 
the LSh pin should 
be tied to the system 
ground. 
For single 
supply 
operation 
(OV and + 10V) 
the 
VA -, 
VD - 
pins should 
be connected 
to 
the 
system 
ground, 
the 
AGND 
pin 
should 
be biased 
at + 5V and the 
LSh 
pin should 
also 
be tied 
to the 
system 
ground 
for TIL 
clock 
levels. 
LSh should 
be biased 
at + 5V for CMOS 
clock 
lev- 
els in 10V single-supply 
applications. 


Clock 
inputs 
for each 
switched 
capaci- 
tor filter building 
block. They should 
both 
be of the 
same 
level 
(TIL 
or CMOS). 


The level shift (LSh) pin description 
dis- 
cusses 
how to accommodate 
their 
lev- 
els. The duty cycle 
of the clock 
should 
be close 
to 50% 
especially 
when 
clock 
frequencies 
above 
200 
kHz 
are 
used. 
This 
allows 
the 
maximum 
time 
for the 
internal 
op-amps 
to settle, 
which 
yields 
optimum 
filter operation. 


By tying this pin high a 50:1 clock-to-fil- 
ter-center-frequency 
ratio 
is 
obtained. 
Tying this pin at mid-supplies 
(i.e, analog 
ground 
with dual supplies) 
allows 
the fil- 
ter to operate 
at a 100:1 
c1ock-to-cen- 
ter-frequency 
ratio. When 
the pin is tied 
low (i.e., negative 
supply 
with dual sup- 


plies), 
a simple 
current 
limiting 
circuit 
is 
triggered 
to limit the overall 
supply 
cur- 
rent down to about 
2.5 mA. The filtering 
action 
is then aborted. 


This is the analog 
ground 
pin. This 
pin 
should 
be 
connected 
to 
the 
system 
ground 
for dual 
supply 
operation 
or bi- 


ased to mid-supply 
for single 
supply op- 


eration. 
For a further 
discussion 
of mid- 
supply biasing techniques 
see the Appli- 


cations 
Information 
(Section 
3.2). 
For 
optimum 
filter 
performance 
a 
"clean" 


ground 
must be provided. 


pole 
pair. fa 
is measured 
at the 
bandpass 
outputs 
of the 


MF10, 
and 
is the 
frequency 
of maximum 
bandpass 
gain. 


(Figure 
1) 


'notch: 
the frequency 
of minimum 
(ideally 
zero) 
gain at the 


notch 
outputs. 


'z: the center 
frequency 
of the second 
order 
complex 
zero 


pair, if any. If fz is different 
from fa and if Qz is high, it can be 


observed 
as the frequency 
of a notch 
at the allpass 
output. 


(Figure 
(0) 
0: "quality 
factor" 
of the 2nd order filter. 
Q is measured 
at 


the bandpass 
outputs 
of the MF10 and is equal to fa divided 


by the 
- 3 dB bandwidth 
of the 2nd order 
bandpass 
filter 


(Figure 
1). The value of Q determines 
the shape 
of the 2nd 


order filter responses 
as shown 
in Figure 
6. 


Oz: the quality factor 
of the second 
order complex 
zero pair, 


if any. Qz is related 
to the 
allpass 
characteristic, 
which 
is 


written: 


where 
Qz = Q for an all-pass 
response. 


HOBp: the gain (in V IV) of the bandpass 
output 
at f = fa. 


HOlP: 
the gain (in V IV) of the lowpass 
output 
as f -+ 0 Hz 
(Figure 2). 


HOHP: the 
gain 
(in VIV) 
of the 
highpass 
output 
as f -+ 


fCLK/2 
(Figure 3). 


HON: the gain (in VIV) of the notch 
output 
as f -+ 
0 Hz 
and as f -+ 
fCLK/2, 
when 
the notch 
filter 
has equal 
gain 


above and below the center 
frequency 
(Figure 4). When the 


low-frequency 
gain differs 
from the high-frequency 
gain, as 


in modes 
2 and 3a (Figures 
11 and 8), the two 
quantities 


below 
are used in place 
of HON. 


HON1: the gain (in VIV) of the notch 
output 
as f -+ 
0 Hz. 


HON2: the gain (in VIV) of the notch output 
as f -+ 
fCLK/2. 


> 
HDII' 


~ 
0.707 
HDII' 
§ 


IL" 
lit 
I (lOG SCAlf) 


Tl/H/l0399-5 


Ip 
I, 


I (lOG SCAlf) 


Tl/H/l0399-7 


~ : 
~ 
0 
iE -45 
-90 
a - --!2...-; fO ~ JiLiH 
IH - 
fl 


IL ~ 10 (;~ 
+ J(2bY + 1 ) 


'H = 10 (2b + J(2bY + 1 ) 


fL 10 IH 


I (lOG SCAlf) 


TliH/10399-6 


~ 
~ -90 
f 
-180 


Huo(a) 
_ 
HOlJ'Ol02 


.2 + 8(1)0 + W02 
Q 


fC-IOXJ(1-~) 
+J(1-2~Y 
+1 


(b) 


FIGURE 2. 2nd-order 
Low-Pass Response 
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FIGURE 4. 2nd-Order Notch Response 
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FIGURE 5. 2nd-Order All-Pass Response 
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FIGURE 6. Response of various 2nd-order filters aa a function of Q. 
Gains and center frequencies are normalized to unity. 


is appropriate. Since this 
IS cumo", "VI "'" 
Q"~ 
~ ••• __ 
___ 


MF10 closely approximates continuous filters, the following 
discussion is based on the well know frequency domain. 
Each MF10 can produce a full 2nd order function. See Ta- 
ble I for a summary of the characteristics of the various 
modes. 


MODE 1: Notch 1, Bandpass, Lowpass Outputs: 


fnotch = fo (See Figure 7) 


fo 
= center frequency of the complex pole pair 


fClK 
fClK 
= 1ci00rso 


fnotch = center frequency of the imaginary zero pair = fo. 


HOlP = Lowpass gain (as f -. 
0) = _ R2 
R1 


. 
R3 
Hosp = Bandpass gain (at f = fo) = - R1 


HON = Notch output gain as ~ :: 
?ClK/2} 
= -R~2 


BW 
= the - 3 dB bandwidth of the bandpass output. 


Circuit dynamics: 


Hosp 
HOlP = ----a- or Hosp = HOlP X a 


= HON X a. 


HOlP(peak)"" a x HOlP (for high a's) 


MODE 1a: Non-Inverting 
BP, LP (See Figure 8) 


fo 
= fClK or fClK 


100 
50 


R3 
R2 


HOlP = -1; 
HOlP(peak)"" a x HOlP (for high a's) 


R3 
HOSp,= 
R2 


HOSP2= 1 (Non-Inverting) 
Circuit Dynamics: Hosp, 
= a 


Note: VIN should be driven from a low impedance 
« 
1 kn) source. 


,. 


2.0 Modes of Operation 
(Continued) 


MODE 2: Notch 
2, Bandpass, 
Lowpass: 
fnotch < fo 
(See Figure 9) 


fa 
= center 
frequency 


= fCLK ~R2 
+ 1 or fCLK ~R2 
+ 1 
100 
R4 
50 
R4 


fCLK 
fCLK 


fnotch = 100 or 50 
o 
= quality 
factor 
of the complex 
pole pair 


~R2/R4 + 1 


R2/R3 


HOLP = Lowpass 
output 
gain (as f 
- 
0) 


R2/R1 


R2/R4 
+ 1 


Hasp = Bandpass 
output 
gain (at f = fa) = 
-R3/R1 


HON1 = Notch 
output 
gain (as f 
- 
0) 


R2/R1 


R2/R4 + 1 


HON2 = Notch output 
gain ( as f - 
~) 
= - R2/R1 


Filter dynamics: 
Hasp = 0 ~HOLP HON2 = ~HON1 HON2 


MODE 3: Highpass, 
Bandpass, 
Lowpass 
Outputs 


(See Figure 10) 


= fCLK X 
fR2 
or fCLK X 
fR2 
fa 
100 
V"R4 
50 
V"R4 
o 
= quality 
factor 
of the complex 
pole pair 


= 
fR2 X R3 
V"R4 
R2 


HOHP = Highpass 
Gain ( as f _ 
fC~K) 
= 
:~ 


Hasp = Lowpass 
Gain ( at f = fa) 
= - :~ 


HOLP = Lowpass 
Gain ( as f - 
0 ) = - :~ 


R2 
HOHP 
Circuit dynamics: 
- 
= --; 
R4 
HOLP 
Hasp 
= ~-H-O-H-P-X-H-O-L-P- 
X 0 


HOLP(peak) "" 0 X HOLP (for high 0'5) 


HOHP(peak) "" 0 X HOHP (for high 0'5) 


TL/H/10399-19 


-In Mode 3. the feedback loop is closed around the input summing amplifier; the finite GBW product of this op amp causes a slight Q enhancement. If this is a 
problem, connect a small capacitor (10 pF - 
100 pF) across R4 to provide some phase lead. 


FIGURE 
10. MODE 3 


2.0 Modes of Operation 
(Continued) 


MODE 3a: HP, BP, LP and Notch 
with 
External 
Op Amp 


(See Figure 11) 


= fCLK X 
fR2 or fCLK x 
fR2 


fo 
100 
-V"R4 
50 
-V"R4 


o 
= 
fR2 x R3 
-V"R4 
R2 


R2 
HOHP = 
R1 


R3 
Hosp 
= 
R1 


R4 
HOLP = 
R1 


fn 
= notch frequency 
= fCLK 
fRh or fCLK 
fRh 
100 -VA; 
50-VA; 


HON 
= 
gain of notch 
at 


f =fo 
= 110 (~HOLP 
- 
~HOHP 
)11 


Hn1 
= gain of notch (as f ~ 
0) = &I 
X HOLP 
RI 


Hn2 
= gain of notch 
( as f ~ 
f~LK) 


R 
_:.'.9 
X HOHP 


Rh 


MODE 4: Allpass, 
Bandpass, 
Lowpass 
Outputs 


(See Figure 12) 


fo 
= 
center 
frequency 


fCLK 
fCLK 
= 100 or 50; 


fz' 
= 
center 
frequency 
of the complex 
zero 
;::: fo 


fo 
R3 
= BW = R2; 


. 
. 
R3 


OZ = quality factor of complex 
zero pair = R 1 


For AP output 
make 
R1 = 
R2 


HOAP' = 
Allpass 
gain 
( at 0 < f < fC~K) 
= 
:~ 
-1 


HOLP 
= 
Lowpass 
gain (as f 
~ 
0) 


= - (:~ + 1) = -2 


Hosp 
= 
Bandpass 
gain (at f = 
fo) 


= _ R3 (1 + R2) 
= _ 2 (R3) 
R2 
R1 
R2 


Circuit 
Dynamics: 
Hosp 
= 
(HOLP) X 0 = 
(HOAP + 1)0 


·Due to the sampled data nature of the filter, a slight mismatch 
of fz and fo 


occurs causing a 0.4 dB peaking 
around fO of the allpass filter amplitude 


response 
(which theoretically 
should be a straight 
line). If this is unaccept- 


able, Mode 5 is recommended. 


fI 


g2 
fClK R2 
fClK 
= 
1+-X--or 
1+-X-- 
R4 
100 
R4 
50 


= ~1 
- 
R2 x fClK or ~1 
_ R1 x fClK 
R4 
100 
R4 
50 


R3 


= ~1 + R2/R4 x R2 


= ~1 - 
R1/R4 x R3 
R1 


= CUIOITTfequency 
or Lt"' or Mt"' OUIpUI 


= R2 fClK or R2 fClK 
R3 
100 
R3 
50 


R3 


R1 


R2 
HOHP = 
R1 


= gain at C.Z. output 
(as f 
- 
0 Hz) 


-R2(R4 
- 
R1) 


R1(R2 + R4) 
R 


. 
(fClK) 
- 
2 
= gain at C.Z. output 
as f - 
2 
= R1 


_ (R2 + 1) x R3 
R1 
R2 


( 
R2 + R1) 
R4 


.- 
R2 + R4 
X R1 


MODE 6b: Single Pole LP Filter (Inverting and Non-In- 
vertlng)(See 
Figure 15) 


fe 
= cutoff 
frequency 
of LP outputs 


R2 fClK 
R2 fClK 
~ R3 
100 
or R3 50 


= 1 (non-inverting) 


R3 


R2 


2.0 Modes of Operation 
(Continued) 
TABLE I. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks. 


Unless otherwise noted, gains of various filter outputs are Inverting and adjustable by resistor ratios. 


Number of 
Adjustable 
, 


Mode 
BP 
LP 
HP 
N 
AP 
Resistors 
fCLK/fo 
Notes 


1 
· 
· 
· 
3 
No 
,. 


(2) 
May need input buffer. 
1a 
HOBPl = -a 
HOLP+ 1 
2 
No 
Poor dynamics for 


HOBP2- 
+1 
highO. 


2 
· 
· 
· 
3 
Yes (abovefcLK/50 
or fClK/1 00) 


· 
· 
· 
4 
Yes 
Universal State-Variable 
3 
Filter. Best general-purpose mode. 


3a 
· 
· 
· · 
7 
Yes 
As above, but also includes 
resistor-tuneable notch. 


4 
· 
· 
. 
3 
No 
Gives Allpass response with 
HOAP= -1 and HOlP = -2. 


5 
· 
· 
. 
4 
Gives flatter allpass response 
than above if Rl = R2 = 0.02R4' 


6a 
· 
· 
3 
Single pole. 


(2) 


6b 
HOlPl = +1 
~ 
2 
Single Pole. 


-R3 
HOlP2 = R2 
..-. 


3.0 Applications 
Information 


The MF10 is a general-purpose dual second-order state 
filter. For the Chebyshev filter defined above. such a table 
variable filter whose center frequency is proportional to the 
yields the following characteristics: 
frequency of the square wave applied to the clock input 
fOA= 529 Hz 
OA = 0.785 


(fcud. By connecting pin 12 to the appropriate DC voltage, 
fOB= 993 Hz 
OB = 3.559 
the filter center frequency fa can be made equal to either 
fClK/100 or fClK/50. fa can be very accurately set (within 
For unity gain at DC, we also specify: 


±6%) by using a crystal clock oscillator, or can be easily 
HOA= 1 


varied over a wide frequency range by adjusting the clock 
HOB= 1 


frequency. If desired. the fClK/fo 
ratio can be altered by 
The desired clock-to-cutoff-frequency ratio for the overall 
external resistors as in Figures 9, 10, 11, 13, 14 and 15.The 
filter of this example is 100 and a 100 kHz clock signal is 
filter a and gain are determined by external resistors. 
available. Note that the required center frequencies for the 
All of the five second-order filter types can be built using 
two second-order sections will not be obtainable with clock- 


either section of the MF1O.These are illustrated in Figures 
1 
to-center-frequency ratios of 50 or 100. It will be necessary 
through 5 along with their transfer functions and some relat- 
to adjust fClK externally. From Table I, we see that Mode 3 
ed equations. Figure 6 shows the effect of a on the shapes 
of these curves. When filter orders greater than two are 
fo 


desired, two or more MF10 sections can be cascaded. 
can be used to produce a low-pass filter with resistor-adjust- 
able center frequency. 
3.1 DESIGN EXAMPLE 
In most 
filter 
designs 
involving 
multiple 
second-order 


In order to design a second-order filter section using the 
stages. it is best to place the stages with lower a values 
MF10, we must define the necessary values of three param- 
ahead of stages with higher a, especially when the higher a 
eters: fo, the filter section's center frequency; Ho, the pass- 
is greater than 0.707. This is due to the higher relative gain 
band gain; and the filter's O. These are determined by the 
at the center frequency of a higher-O stage. Placing a stage 
characteristics required of the filter being designed. 
with lower a ahead of a higher-a stage will provide some 


As an example, let's assume that a system requires a 
attenuation at the center frequency and thus help avoid clip- 


fourth-order Chebyshev low-pass filter with 1 dB ripple, unity 
ping of signals near this frequency. For this example. stage 
gain at DC, arld 1000 Hz cutoff frequency. As the system 
A has the lower a (0.785) so it will be placed ahead of the 
order is four, it is realizable using both second-order sec- 
other stage. 


tions of an MF10. Many filter design texts include tables that 
For the first section, we begin the design by choosing a 
list the characteristics (fa and a) of each of the second-or- 
convenient value for the input resistance: R1A = 20k. The 
der filter sections needed to synthesize a given higher-order 
absolute value of the passband gain HOlPA is made equal 


::lcr:'; 1:-' 
• 


3.0 Applications Information 
(Continued) 


to 1 by choosing R4A such that: R4A = -HOLPA R1A = 
R1A = 20k. If the 50/100/CL pin is connected to mid-sup- 
ply for nominal 100:1 clock-to-center-frequency ratio. we 
find R2Aby: 


fOA2 
(529)2 


R2A = R4A(fCLK/l00)2 - 
2 X 104 X (iOOO)2= 5.6k and 


R3A = 0A ~R2AR4A= 0.785 ~5.6 x 103 x 2 x 104 = 8.3k 


The resistors for the second section are found in a similar 
fashion: 


R18 = 20k 
R48 = R18 = 20k 
f082 
(993)2 
R28 = R48 (fCLK/l00)2 = 20k(i000)2 
= 19.7k 


R38 = 08 ~R28R48= 3.559~1.97x 104x 2 x 104 = 70.6k 
The complete circuit is shown in Figure 
16 for split ± 5V 


power supplies. Supply bypass capacitors are highly recom- 
mended. 
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VOIJT 
20k 


R4B 
20 
20k 
LP. 
LP. 


R3B 
19 
70.6k 


BP. 
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18 
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H/AP/HP. 
H/ AP/HP. 
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INV. 
17 


51. 
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51. 
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- 
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14 
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VD- 
13 
-5V 
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L 5h. 
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10 
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11 
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TLIH/10399-25 
FIGURE 16. Fourth-Order Chebyshev Low-Pass Filter from Example In 3.1. 
±5V Power Supply. OV-5V TTL or -5V 
±5VCMOS Logic Levels. 
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FIGURE 
18. Three 
Ways 
of Generating 
""2 for Single-Supply 
Operation 


3.2 SINGLE 
SUPPLY 
OPERATION 


The MF10 can also operate 
with a single-ended 
power 
sup- 


ply. Figure 
17 shows 
the example 
filter with a single-ended 


power 
supply. 
VA + 
and Vo + 
are again 
connected 
to the 


positive 
power 
supply 
(8V to 14V), and VA - 
and Vo - 
are 


connected 
to ground. 
The AGNO pin must be tied to V+ /2 


for single supply 
operation. 
This half-supply 
point should 
be 


very "clean", 
as any noise appearing 
on it will be treated 
as 


an input to the filter. 
It can be derived 
from the supply 
volt- 


age with a pair of resistors 
and a bypass 
capacitor 
(Figure 


18a), or a low-impedance 
half-supply 
voltage 
can be made 


using 
a three-terminal 
voltage 
regulator 
or an operational 


amplifier 
(Figures 
18b and 
18e). The passive 
resistor 
divider 


with 
a bypass 
capacitor 
is sufficient 
for many applications, 
provided 
that the time constant 
is long enough 
to reject any 


power 
supply 
noise. 
It is also important 
that the half-supply 


reference 
present 
a low impedance 
to the clock 
frequency, 
so at very 
low clock 
frequencies 
the 
regulator 
or op-amp 


approaches 
may 
be 
preferable 
because 
they 
will 
require 


smaller 
capacitors 
to filter 
the 
clock 
frequency. 
The 
main 


power supply voltage 
should 
be clean 
(preferably 
regulated) 


and bypassed 
with 0.1 p.F. 


3.3 DYNAMIC 
CONSIDERATIONS 


The 
maximum 
signal 
handling 
capability 
of the 
MF10, 
like 


that 
of any active 
filter, 
is limited 
by the power 
supply 
volt- 


ages used. The amplifiers 
in the MF10 
are able to swing to 


within 
about 
1V of the supplies, 
so the input signals 
must be 


kept 
small 
enough 
that 
none 
of the 
outputs 
will 
exceed 


these 
limits. 
If the MF10 
is operating 
on 
±5V, 
for example, 
the 
outputs 
will clip 
at about 
8 Vp_p. The 
maximum 
input 


voltage 
multiplied 
by the filter gain should 
therefore 
be less 


than 8 Vp_p. 


Note 
that 
if the filter 
Q is high, the gain at the 
lowpass 
or 


highpass 
outputs 
will be much greater 
than the nominal 
filter 


gain (Figure 
6). As an example, 
a lowpass 
filter with a Q of 


10 will have a 20 dB peak in its amplitude 
response 
at fa. If 


the nominal 
gain of the filter HOlP is equal to 1, the gain at 


fa will be 10. The maximum 
input signal at fa must therefore 


be less than 
800 
mVp_p 
when 
the 
circuit 
is operated 
on 
± 5V supplies. 


Also note that one output 
can have a reasonable 
small volt- 


age on it while another 
is saturated. 
This is most likely for a 


circuit 
such 
as the 
notch 
in Mode 
1 (Figure 
7). The 
notch 


output 
will be very 
small 
at fa, 
so it might 
appear 
safe 
to 


apply a large signal to the input. However, 
the bandpass 
will 


have 
its maximum 
gain at fa 
and can clip if overdriven. 
If 


one output 
clips, 
the performance 
at the other 
outputs 
will 


be degraded, 
so avoid 
overdriving 
any filter 
section, 
even 


ones whose 
outputs 
are not being directly 
used. Accompa- 


nying 
Figures 
7 through 
15 are equations 
labeled 
"circuit 


dynamics", 
which 
relate 
the Q and the gains at the various 


outputs. 
These 
should 
be consulted 
to determine 
peak cir- 


cuit gains and maximum 
allowable 
signals 
for a given appli- 


cation. 


3.4 OFFSET 
VOLTAGE 


The 
MF10's 
switched 
capacitor 
integrators 
have 
a higher 


equivalent 
input 
offset 
voltage 
than 
would 
be found 
in a 


typical 
continuous-time 
active 
filter 
integrator. 
Figure 
19 


shows 
an equivalent 
circuit of the MF10 from which the out- 


put DC offsets 
can be calculated. 
Typical 
values 
for these 


offsets 
with SAIB tied to V+ 
are: 


Yost 
= 
opampoffset 
= 
±5mV 


Vos2 = 
-150 
mV@ 50:1 
-300 
mV@ 
100:1 


Vos3= 
-70mV@50:1 
-140mV@100:1 


When SAIB is tied to V-, 
Vos2 will approximately 
halve. The 


DC offset 
at the BP output 
is equal to the input offset 
of the 


lowpass 
integrator 
(Vos3). The offsets 
at the other 
outputs 


depend 
on the mode of operation 
and the resistor 
ratios, as 


described 
in the following 
expressions. 


VOS(BP) 
= VOS3 


VOS(LP) 
= VOS(N)-VOS2 


Mode 
18 
(1) 
V 


Vos(N.INV.BP) 
= 
1+0 
VOS1- 
~S3 


VOS(INV.BP) 


VOS(LP) 


= VOS3 
= Vos(N.INV.BP)-VOS2 


VOS(BP) 


VOS(LP) 


Mode 3 


VOS(HP) 


VOS(BP) 


VOS(LP) 


1 
VOS3 


+ VOS2 1+ R4/R2 
- 
~1 
+ R2/R4 


Rp = R1/ /R3/ /R4 
= VOS3 


= VOS(N) - 
VOS2 


= VOS2 


= VOS3 [R4] 
(R4) 
= VOS1 
1 + Rp 
- 
VOS2 
R2 


-VOS3 
(::) 


Rp = R1/ /R2/ /R3 


5V SUPPLY 


R 
1M 


3.0 Applications 
Information 
(Continued) 


For most 
applications, 
the outputs 
are AC coupled 
and DC 
offsets 
are not bothersome 
unless 
large signals 
are applied 


to the filter input. However, 
larger offset 
voltages 
will cause 
clipping 
to occur 
at lower 
AC signal 
levels, 
and clipping 
at 


any 
of the 
outputs 
will 
cause 
gain 
nonlinearities 
and 
will 


change 
fa and 
Q. When 
operating 
in Mode 
3, offsets 
can 
become 
excessively 
large 
if R2 and R4 are used to make 


fClK/fo 
significantly 
higher 
than 
the 
nominal 
value, 
espe- 
cially 
if Q is also 
high. An extreme 
example 
is a bandpass 


filter 
having 
unity gain, a Q of 20, and fClK/fo 
= 250 with 
pin 12 tied to ground 
(100:1 
nominal). 
R4/R2 
will therefore 
be equal to 6.25 and the offset 
voltage 
at the lowpass 
out- 
put will be about + 1V. Where 
necessary, 
the offset voltage 


can be adjusted 
by using the circuit of Figure 20. This allows 
adjustment 
of VOS1, which 
will have varying 
effects 
on the 


different 
outputs 
as described 
in the above equations. 
Some 
outputs 
cannot 
be adjusted 
this way in some 
modes, 
how- 


ever (VOS(BP) in modes 
1a and 3, for example). 


3.5 SAMPLED 
DATA SYSTEM 
CONSIDERATIONS 


The 
MF10 
is a sampled 
data 
filter, 
and as such, 
differs 
in 


many ways from conventional 
continuous-time 
filters. An i1.,- 
portant 
characteristic 
of sampled-data 
systems 
is their 
ef- 


fect 
on 
signals 
at frequencies 
greater 
than 
one-half 
the 


sampling 
frequency. 
(The MF10's 
sampling 
frequency 
is the 


same 
as its clock 
frequency.) 
If a signal 
with 
a frequency 


greater 
than 
one-half 
the sampling 
frequency 
is applied 
to 


the input of a sampled 
data system, 
it will be "reflected" 
to 


a frequency 
less 
than 
one-half 
the 
sampling 
frequency. 


Thus, an input signal whose 
frequency 
is f./2 
+ 100 Hz will 


cause the system 
to respond 
as though 
the input frequency 


was f./2 
- 
100 Hz. This phenomenon 
is known 
as "alias- 
ing", 
and can be reduced 
or eliminated 
by limiting 
the input 
signal 
spectrum 
to less than f./2. 
This may in some 
cases 
require 
the 
use of a bandwidth-limiting 
filter 
ahead 
of the 
MF10 to limit the input spectrum. 
However, 
since the clock 
frequency 
is much higher than the center 
frequency, 
this will 
often 
not be necessary. 


Another 
characteristic 
of sampled-data 
circuits 
is that 
the 
output 
signal changes 
amplitude 
once 
every sampling 
peri- 
od, resulting 
in "steps" 
in the output 
voltage 
which 
occur at 


the 
clock 
rate 
(Figure 
21). 
If 
necessary, 
these 
can 
be 


"smoothed" 
with a simple 
R-C 
low-pass 
filter at the MF10 
output. 


The 
ratio 
of fClK 
to fc (normally 
either 
50:1 or 100:1) 
will 
also 
affect 
performance. 
A ratio 
of 
100:1 
will 
reduce 
any 
aliasing 
problems 
and 
is usually 
recommended 
for 
wide- 


band input signals. 
In noise sensitive 
applications, 
however, 


a ratio of 50:1 may be better 
as it will result 
in 3 dB lower 


output 
noise. 
The 50: 1 ratio also results 
in lower 
DC offset 
voltages, 
as discussed 
in Section 
3.4. 


The accuracy 
of the fClK/fo 
ratio is dependent 
on the value 


of Q. This 
is illustrated 
in the 
curves 
under 
the 
heading 


"Typical 
Performance 
Characteristics". 
As Q is changed, 


the true value 
of the ratio changes 
as well. Unless 
the Q is 


low, the error in fClK/fO 
will be small. If the error is too large 


for a specific 
application, 
use a mode that allows adjustment 


of the ratio with external 
resistors. 


It should 
also be noted 
that the product 
of Q and fa should 


be limited to 300 kHz when fa < 5 kHz, and to 200 kHz for 
fa> 
5 kHz. 
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Analog Switch 
Definition of Terms 


RON: Resistance between the output and the input of an 
addressed channel. 


Cs: Capacitance between any open terminal "S" 
and 


ground. 
Co: Capacitance between any open terminal "D" 
and 


ground. 
lo-Is: Leakage current that flows from the closed switch 
into the body. This leakage is the difference between the 


current IDgoing into the switch and the current Is going out 
of the switch. 


tRAN: Delay timt;!when switching from one address state to 
another. 


!oN: Delay time between the 50% points of an enable input 
and the switch ON condition. 


!oFF: Delay time between the 50% points of the enable 
input and the switch OFF condition. 


• 
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Analog Switch/Multiplexer 
Selection Guide 


Part Number 
Function 
Logic Input 
Vs 
TON/TOFF 
RON 


(Typ) 
ns (Typ) 
n 


AH5011 
QUADSPST 
TTL,CMOS 
- 
150/300 
100 
AH5012 
TTL,CMOS 
- 
150/300 
150 


LF11201/LF13201 
QUADSPST 
TTL 
±15 
90/500 
200 
LF11202/LF13202 
TTL 
±15 
90/500 
200 
LF11331/LF13331 
TTL 
±15 
90/500 
200 
LF11332/LF13332 
TTL 
±15 
90/500 
200 
LF11333/LF13333 
TTL 
±15 
90/500 
200 


AH5020 
DUALSPDT 
TTL,CMOS 
- 
150/300 
150 


AH5010 
4-CHANNEL 
TTL,CMOS 
- 
150/300 
150 


LF13509 
4-CHANNEL DIFFERENTIAL 
TTL,CMOS 
±18 
1600/200 
350 


LF13508 
8-CHANNEL 
TTL,CMOS 
±18 
1600/200 
350 


AH0014/AH0014C* 
DPDT, AH0015/AH0015C 
Quad 
SPST, AH0019/AH0019C* 
Dual DPST-TTL/DTL 
Compatible MOS Analog Switches 


General Description 


This 
series 
of TIL/OTL 
compatible 
MaS 
analog 
switches 


feature 
hi9h 
speed 
with 
internal 
level 
shifting 
and 
driving. 
The 
package 
contains 
two 
monolithic 
integrated 
circuit 


chips: 
the 
MaS 
analog 
chip 
is similar 
to the 
MM450 
type 


which 
consists 
of four 
MaS 
analog 
switch 
transistors; 
the 


second 
chip is a bipolar 
I.C. gate and level shifter. 
The se- 


ries is available 
in hermetic 
dual-in-line 
package. 


These 
switches 
are particularly 
suited for use in both military 


and industrial 
applications 
such as commutators 
in data ac- 


quisition 
systems. 
multiplexers, 
AID 
and 
01 A converters, 


long 
time 
constant 
integrators, 
sample 
and 
hold 
circuits, 


modulatorsl 
demodulators, 
and other 
analog 
signal 
switch- 


ing applications. 


The AH0014, 
AH0015 
and AH0019 
are specified 
for opera- 


tion over the 
- 55'C to + 125'C 
military temperature 
range. 


The 
AH0014C, 
AH0015C 
and 
AH0019C 
are specified 
for 


operation 
over the 
- 25'C 
to + 85'C 
temperature 
range. 


Features 


• 
Large analog 
voltage 
switching 


• 
Fast switching 
speed 
• 
Operation 
over wide range 
of power 
supplies 


• 
Low ON resistance 


• 
High OFF resistance 


• 
Analog 
signals 
in excess 
of 


• 
Fully compatible 
with OTL or TIL 
logic 


• 
Includes 
gating 
and level shifting 


±10V 


500 ns 


2000 
10110 


25 MHz 
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Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
device. 
are 
required, 
V+ /V- 
Voltage 
Differential 
. 
40V 


please 
contact 
the 
National 
Semiconductor 
sale. 
Logic Input Voltage 
5.5V 
Office/Distributors 
for 
availability 
and 
specifications. 
Storage 
Temperature 
Range 
- 65·C to + 15O"C 
Vcc 
Supply Voltage 
7.0V 
Operating 
Temperature 
Range 


V- 
Supply Voltage 
-30V 
AH0014. 
AH0015, 
AH0019 
- 55·C to + 125·C 


V+ 
Supply Voltage 
+30V 
AH0014C,AH0015C,AH0019C 
- 25·C to + 85·C 


Lead Temperature 
(Soldering, 
10 see) 
3oo·C 


Electrical Characteristics 
(Notes 
1 and 2) 


Parameter 
. 
Conditions 
r, 
Mln 
Typ 
Max 
Unit. 


Logical"1"lnput 
Voltage 
Vcc = 4.5V 
2.0 
V 


Logical 
"0" 
Input Voltage 
Vcc = 4.5V 
0.8 
V 


Logical 
"1" 
Input Current 
Vcc = 5.5V. VIN = 2.4V 


, 


5 
I-'A 


Logical 
"1" 
Input Current 
.... 
.' 
VCC = 5.5V, VIN = 5.5V 
1 
I-'A 


Logical 
"0" 
Input Current 
J 
,. 
Vcc = 5.5V, VIN = 0.4V 
0.2 
0.4 
mA 


Power Supply Current 
Logical 
"1" 
VCC = 5.5V, VIN = 4.5V 
0.85 
1.6 
mA 
Input-Each 
Gate (Note 3) 
• 


Power Supply Current 
Logical 
"0" 
Vcc = 5.5V. VIN = OV 


Input-Each 
Gate (Note 3) 


AH0014. 
AH0014C' 
.•. 


1.5 
3.0 
mA 


AH0015, 
AH0015C 
0.22 
0.41 
mA 


AH0019. 
AH0019C 
0.22 
0.41 
mA 


Analog 
Switch 
ON Resistance-Each 
Gate 
VIN (Analog) = + 10V 
75 
200 
n 


VIN (Analog) = -10V 
150 
600 
n 


Analog 
Switch OFF Resistance 
1011 
n 


Analog 
Switch 
Input Leakage 
Current- 
VIN = -10V 


Each Input (Note 4) 
- 
. 


AH0014. 
AH0015. 
AH0019 
TA = 25·C 
t. 
25 
200 
pA 


TA = 125·C 
--. 
25 
200 
nA 


AH0014C. 
AH0015C. 
AH0019C 
TA = 25·C 
0.1 
10 
nA 


TA = 70·C 
30 
100 
nA 


Analog 
Switch 
Output 
Leakage 
Your = -10V 


Current-Each 
Output 
(Note 4) 


AH0014. 
AH0015. 
AH0019 
TA = 25·C 
40 
400 
pA 


TA = 125·C 
r 
.• :ot1<l 
40 
400 
nA 


AH0014C, 
AH0015C. 
AH0019C 
TA = 25·C 
- 
0.05 
10 
nA 


TA = 70·C 
4 
50 
nA 


Analog 
Input (Drain) Capacitance 
1 MHz @ Zero Bias 
8 
10 
pF 


Output Source 
Capacitance 
1 MHz @ Zero Bias 
11 
13 
pF 


Analog 
Turn-OFF 
Time-toFF 
See Test Circuit; TA = 25·C 
600 
750 
ns 


Analog 
Turn-ON 
Time-toN 
See Test Circuit; TA = 25·C 


AH0014. 
AH0014C 
350 
425 
ns 


AH0015. 
AH0015C 
100 
150 
ns 


AH0019. 
AH0019C 
100 
150 
ns 


Note 1: MinImax 
lim~s apply across the guaranteed 
temperature 
range of -55"0 
to + 125'0 for AHOO14,AHOO15,AHOO19and -25'0 
to +85'0 for AHOO140, 


AHOO15C. AHOO19C. V- 
= -2QY. 
V+ 
= + 10V and an analog test current of 1 mA unless otherwise 
specified. 


Note 
2: All typical values are measured at TA ~ 25'0 with Vcc - 5.0V.V+ - 
+10V, V- - 
-22V. 


Note 3: Current measured is drawn from Vcc supply. 


Hote 4: All analog switch pins except measurement 
pin are tied to V+ . 


. 
:';;' 


Analog Switch Characteristics 
(Note 2) 


RONvs Temperature 
RONva Temperature 
RONva Temperature 


125 


v •• ~v~=+16v 
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./ 
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CHANNEL "orr" 
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Schematic (Single Driver Gate 
Analog Switching TIme Teat Circuit 
and MOS Switch Shown) 
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V+ 
25 


Selecting 
Power Supply Voltage 


20 


15 


The graph shows the boundary conditions which must be 
10 


used for proper operation of the unit. The range of operation 
5 


for power supply Y- 
is shown on the X axis. It must be 
V- 
0 
between -25Y and -8Y. The allowable range for power 
-25 
-15 
-5 
-5 
supply Y+ is governed by supply Y-. With a value chosen 
V 


for Y-. Y+ may be selected as any value along a vertical 
-10 


line passing through the Y- value and terminated by the 
-15 


boundaries of the operating region. A voltage difference be- 
-20 


tween power supplies of at least 5Yshould be maintained for 
-25 


adequate signal swing. 
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t!1National 
Semiconductor 


AH50101 AH50111 AH5012 Monolithic 
Analog Current Switches 


General Description 


A versatile 
family 
of monolithic 
JFET 
analog 
switches 
eco- 
nomically 
fulfills 
a wide 
variety 
of multiplexing 
and 
analog 
switching 
applications. 


Even 
numbered 
switches 
may be driven 
directly 
from 
stan- 
dard 5V logic, whereas 
the odd numbered 
switches 
are in- 
tended 
for applications 
utilizing 
10V or 15V logic. The mono- 
lithic 
construction 
guarantees 
tight 
resistance 
match 
and 
track. 


For voltage 
sWitching 
applications 
see LF13331, 
LF13332, 
and 
LF13333 
Analog 
Switch 
Family, 
or the CMOS 
Analog 
Switch 
Family. 


Applications 


• 
AID 
and D/ A converters 


• 
Micropower 
converters 


• 
Industrial 
controllers 


• 
Position 
controllers 


• 
Data acquisition 


• 
Active 
filters 
• 
Signal 
mUltiplexers/demultiplexers 


• 
Multiple 
channel 
AGC 


• 
Quad compressors/expanders 


• 
Choppers/demodulators 


• 
Programmable 
gain amplifiers 


• 
High impedance 
voltage 
buffer 


• 
Sample 
and hold 
Features 


• 
Interfaces 
with standard 
TIL 
and CMOS 


• 
"ON" 
resistance 
match 


• 
Low "ON" 
resistance 


• 
Very low leakage 


• 
Large 
analog 
signal 
range 


• 
High switching 
speed 


• 
Excellent 
isolation 
between 
channels 


2n 
100n 


50 pA 
± 10V peak 


150 ns 


80 dB 
at 1 kHz 


Connection 
and Schematic 
Diagrams 
(All switches 
shown are for logical 
"1" 
input) 
Dual-in-Line 
Package 
Dual-In-Llne 
Package 
.. 
,-- 
I 
IJ 
I 
" 


11 


11 


I 
IL __ 


LOGIC 
DRIVE 
4 CHANNEL 
4SPST 


MUX 
SWITCHES 


5VLOGIC 
AH5010C 
AH5012C 


15V LOGIC 
AH5011C 


AH5010C 
MUX Switches 
(4-Channel 
Version 
Shown) 
Order 
Number 
AH5010CN 
See NS Package 
Number 
M14A or N14A 


.. 
C~ONDRAI. 


Note: All diode cathodes are internally connected to the substrate. 


TOPVlEW 
AH5011C 
and AH5012C 
SPST Switches 
(Quad Version 
Shown) 
Order 
Number 
AH5011CN, 
AH5012CM 
or AH5012CN 
See NS Package 
Number 
M16A or N16A 
• 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified devices are required, 


please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors for availability and specifications. 


Input Voltage 


AHS01 01AHS0111 AHS012 


Positive 
Analog 
Signal Voltage 


Negative 
Analog 
Signal Voltage 


Diode Current 


Drain Current 


Soldering 
Information: 


N Package 
10 sec 
SO Package 
Vapor 
Phase (60 sec.) 


Infrared 
(15 sec.) 


Power Dissipation 


Operating 
Temperature 
Range 


Storage 
Temperature 
Range 


300'C 
21S'C 
220'C 


SOOmW 


- 2S'C to + 8S'C 


- 6S'C to + 1S0'C 


30V 


30V 


-1SV 


10mA 


Symbol 
Parameter 
Conditions 
Typ 
Max 
Units 


IGSX 
Input Current 
"OFF" 
4.SVsVGOs11V, 
Vso=0.7V 
0.01 
0.2 
nA 


TA=8S'C 
10 
nA 


IO(OFF) 
Leakage 
Current 
"OFF" 
Vso=0.7V, 
VGs=3.8V 
0.02 
0.2 
nA 


TA=8S'C 
10 
nA 


IG(ON) 
Leakage 
Current 
"ON" 
VGo=OV,ls=1 
mA 
0.08 
1 
nA 


TA=8S'C 
200 
nA 


IG(ON) 
Leakage 
Current 
"ON" 
VGo=OV,ls= 
2 mA 
0.13 
5 
nA 


TA=8S'C 
10 
).LA 


IG(ON) 
Leakage 
Current 
"ON" 
VGO=OV, 
Is= 
-2 
mA 
0.1 
10 
nA 


TA=8S'C 
20 
).LA 


rOS(ON) 
Drain-Source 
Resistance 
VGs=0.3SV,ls=2 
mA 
90 
150 
n 


TA= 
+8S'C 
240 
n 


VOIOOE 
Forward 
Diode Drop 
lo=O.SmA 
0.8 
V 


rOS(ON) 
Match 
VGS=OV, 
10= 1 mA 
4 
- 
20 
n 


TON 
Turn "ON" 
Time 
See AC Test Circuit 
150 
500 
ns 


TOFF 
Turn "OFF" 
Time 
See AC Test Circuit 
300 
500 
ns 


CT 
Cross Talk 
See AC Test Circuit 
120 
dB 


Symbol 
Parameter 
Conditions 
Typ 
Max 
Units 


IGSX 
Input Current 
"OFF" 
11VsVGos1SV, 
Vso=0.7V 
0.01 
0.2 
nA 


TA=8S'C 
10 
nA 


10(OFF) 
Leakage 
Current 
"OFF" 
Vso=0.7V, 
VGs=10.3V 
0.01 
0.2 
nA 


TA=8S'C 
10 
nA 


IG(ON) 
Leakage 
Current 
"ON" 
VGo=OV,ls= 
1 mA 
0.04 
0.5 
nA 


TA=8S'C 
100 
nA 


IG(ON) 
Leakage 
Current 
"ON" 
VGo=OV,ls=2 
mA 
2 
nA 


TA=8S'C 
1 
).LA 


IG(ON) 
Leakage 
Current 
"ON" 
VGo=OV,ls= 
-2 
mA 
. 
5 
nA 


TA=8S'C 
2 
).LA 


roS(ON) 
Drain-Source 
Resistance 
VGS= 1.SV,ls=2 
mA 
60 
100 
n 


TA=8S'C 
160 
n 


VolOoE 
Forward 
Diode Drop 
10=0.SmA 
0.8 
V 


roS(ON) 
Match 
VGS=OV, 
10=1 
mA 
2 
10 
n 


TON 
Turn "ON" 
Time 
See AC Test Circuit 
150 
50 
ns 


TOFF 
Turn "OFF" 
Time 
See AC Test Circuit 
300 
500 
ns 


CT 
CrossTalk 
See AC Test Circuit. f = 
100 Hz. 
120 
dB 


Note 1: Absolute 
maximum 
ratings indicate 
limits beyond which damage 
to the device may occur. DC and AC electrical 
specifications 
do not apply when operating 
the device 
beyond 
its specified 
operating 
conditions. 


Note 
2: Test conditions 
2S"C unless otherwise 
noted. 


Note 3: "OFF" and "ON" notation refers to the conduction state of the FET switch. 


Note 4: Thermal Resistance: 


6JA 
9'Z'C/W 
11S'C/W 


AC Test Circuit 


VA· tlOV 


• 


Parameter Interaction 
1000 
VOSIOFF'.VOS" 
-15V.ID" 
-1 
nA 
§ 
'os (tID· 
-1 mA, Vas ·OV 
..• 
'" 
~c 
If,. 
Vos" 
-15V, 
Vos '" OY PULSED 
>z 
z 
E 
g 
c- 
t;!i 
2011 
g 
~i 100 
to 
~ 
i.:~ 
> 
c>z 
~ 
; :; 
~~ 
..~ 
" 
20 
e. 


10 
1.0 
1.0 
10 
100 


Vas 
GATE SOURCE CUTOFF VOLTAGE (VI 


"ON" Resistance, rOS(ON) 
vs Temperature 
150 


10"'-1 
mA 
§ 
125 
J 
100 


ri 
75 
z 


~ 
50 


l. 
25 
P 
0 
25 
3S 
45 
55 
IS 
75 
IS 


TEMPERATURE 
('CI 


Leakage Current vs 
. Drain-Gate Voltage 
tOOO 
1 
...z 
a: 
tOO 
~~..c 
'"~ 
10 
~ 
~ 


1.0 
0 
5.0 
10 
15 
20 


ORAIN·GATE 
VOLTAGE IVI 


Drain Current vs Bias 
Voltage 
-25 


-20 
C 
,g 
... 
-15 
::; 
a: 
~ -to 
z;; 
l!i 
-5 


1\ 
V~" 
-tOV_ 
\ 
f·, kHz 
\ 
TA'25'C 
- 


1\ 
\ \\. 


\. \. 


"- '" 


"- 


...•. 


Leakage Current, IO(OFF) 
vs Temperature 


-120 


-110 
-100 
iii 
-10 
~ 
t; 
-10 


~ 
-70 
j! 
-eo 


!1! 
-50 
fi-40 
-30 
-20 
-to 
100 
1k 
10k 
100II 


FRfOUENCY 
(HII 


Transconductance 
vs 
Drain Current 


tOO 
~ 
uz 
50 
ct; 
i:i 
a: 
20 
"~ 
10 
::;c" 
l!i 
5.0 
z, 
~ 2.0 


Normalized Drain 
Resistance vs Bias Voltage 
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'OSb" 
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1 _ 
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I I I VrT, 


./ 
_ ........ 


1.0 
o 
0.2 
OA 
0.& 
0.& 
1.0 


IVoslVoSIOFFII- 
NORMALIZED 
GATE· 


TO·SOURCE 
VOLTAGE 
(V) 


Applications 
Information 


Theory 
of Operation 


The AH series 
of analog 
switches 
are primarily 
intended 
for 


operation 
in 
current 
mode 
switch 
applications; 
i.e., 
the 


drains of the FET switch 
are held at or near ground 
by oper- 
ating 
into the summing 
junction 
of an operational 
amplifier. 
Limiting 
the drain voltage 
to under 
a few hundred 
millivolts 


eliminates 
the 
need 
for a special 
gate 
driver, 
allowing 
the 


switches 
to 
be 
driven 
directly 
by standard 
TIL, 
5V-10V 


CMOS, 
open 
collector 
15V TIL/CMOS. 


Two 
basic 
switch 
configurations 
are available: 
4 indepen- 


dent 
switches 
(SPST) 
and 4 pole 
switches 
used for multi- 


plexing 
(4 
PST-MUX). 
The 
MUX 
versions 
such 
as 
the 


AH5010 
offer common 
drains 
and include 
a series 
FET op- 


erated 
at VGS= 
OV. The 
additional 
FET is placed 
in the 


feedback 
path in order 
to compensate 
for the "ON" 
resist- 
ance of the switch 
FET as shown 
in Figure 
1. 


The closed-loop 
gain of Figure 
1 is: 


A 
R2 + rDS(ON)02 
vel = 
- 
- 


R1 + rDS(ON)01 


For R1 
= 
R2, gain accuracy 
is determined 
by the rDS(ON) 


match 
between 
01 
and 02. 
Typical 
match 
between 
01 and 


02 
is 4 ohms 
resulting 
in a gain accuracy 
of 0.05% 
(for R1 
= R2 = 10 kO). 


Noise Immunity 


The switches 
with 
the source 
diodes 
grounded 
exhibit 
im- 


proved 
noise 
immunity 
for- positive 
analog 
signals 
in the 


"OFF" 
state. 
With V,N = 15V and the VA = 10V, the source 


of 01 
is clamped 
to about 
0.7V by the diode 
(VGS=14.3V) 


ensuring 
that 
ac signals 
imposed 
on the 
10V input will not 


gate the FET "ON." 


Selection 
of Gain Setting 
Resistors 


Since the AH series of analog 
switches 
are operated 
in cur- 


rent mode, 
it is generally 
advisable 
to make the signal 
cur- 


rent as large as possible. 
However, 
current 
through 
the FET 


switch tends to forward 
bias the source to'gate 
junction 
and 


the signal shunting 
diode resulting 
in leakage 
through 
these 


junctions. 
As shown 
in Figure 2, IG(ON) represents 
a finite 


error in the current 
reaching 
the summing 
junction 
of the op 


amp. 
\ 


Secondly, 
the rDS(ON) of the FET begins 
to "round" 
as Is 


approaches 
loss. 
A practical 
rule of thumb 
is to maintain 
Is 


at less than y., 0 of loss. 


Combining 
the criteria 
from the above 
discussion 
yields: 


R1 
_ ;;" VA(MAX) AD 


mln 
IG(ON) 


;;" VA(MAX) 
IDss/10 


whichever 
is larger. 


• 


Where: 
VA(MAX) 
= Peak amplitude 
of the analog 
input signal 


= Desired 
accuracy 


= Leakage 
at a given 
Is 


= Saturation 
current 
of the FET 
switch 


""20 mA 


In 
a 
typical 
application, 
VA 
might 
= ±10V, 
Ao=0.1%, 


O'CS:TAS:85'C. 
The criterion 
of equation 
(2b) predicts: 


(10V) 


R1(MIN);" (201~A) 
5kO 


For R1 = 
5k, Is '" 
10V/5k 
or 2 mA. The electrical 
charac- 


teristics 
guarantee 
an IG(ON)s: 1,...A at 85'C for the AH501 O. 
Per the criterion 
of equation 
(2a): 


(10V)(10-3) 


R1(MIN);" 
1x10-6 
;,,10kO 


Since equation 
(2a) predicts 
a higher value, the 10k resistor 


should 
be used. 


The "OFF" 
condition 
of the FET also affects 
gain accuracy. 
As shown 
in Figure 3, the leakage 
across 
02, 
IO(OFF) repre- 
sents 
a finite 
error 
in the 
current 
arriving 
at the 
summing 


junction 
of the op amp. 


AD 


IG(ON) 
loss 


Accordingly: 


R 1 MA 
s:VA(MIN) AD 
( 
Xl 
(N) IO(OFF) 


Where: 
VA(MIN) 
= Minimum 
value 
of the analog 


input signal 


= 
Desired 
accuracy 


= 
Number 
of channels 


= 
"OFF" 
leakage 
of a given 
FET 


switch 


As an example, 
if N = 
10, AD = 0.1 %, and IO(OFF) S:10 nA 


at 85'C 
for the AH5010. 
R1(MAX) is: 


(1V)(10-3) 
10k 
R1 (MAX)s: (10)(10X 
10-9) 


Selection 
of R2, of course, 
depends 
on the gain desired 
and 


for unity gain R1 = R2. 


Lastly, 
the foregoing 
discussion 
has ignored 
resistor 
toler- 


ances, 
input bias current 
and offset 
voltage 
of the op amp- 


all of which 
should 
be considered 
in setting 
the overall 
gain 


accuracy 
of the circuit. 


AD 
N 


IO(OFF) 


TTL Compatibility 


The AH series can be driven with two different 
logic voltage 
swings: 
the even 
numbered 
part types 
are specified 
to be 


driven 
from 
standard 
5V TTL logic 
and the odd 
numbered 


types 
from 
15V open collector 
TTL. 


.;;)U:t1IUClIU I I L- ~d~t:J~ 
fJUII-UtJ 
~V QUVUl 
v.oJV 
\'IV 
IVQUJ. 
III VIUOI 


to ensure turn-off of the even numbered switches such as 
AH5010, a pull-up resistor, REXT,of at least 10 kfi should 
be placed between the 5V Vcc and the gate output as 
shown in Figure 
4. 


Likewise, the open-collector, 
high voltage TTL outputs 


should use a pull-up resistor as shown in Figure 
5. In 


r--------, 
I 
I 
I 
II 
I 


I 
I 


I 
I 
I 
__ 
I 
I.!!.~~_._:_..:.J 


REXT 
(2k 
TO 
10k) 


IJV~" 
\,;Q~""'~I 
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IV' 
1••••••••• 
1 
•••• 
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the expense of power dissipation in the low state. 


Definition of Terms 
The terms referred to in the electrical characteristics tables 
are as defined in Figure 
6. 


lOGIC 
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(VON) 
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I 
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I 
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I 
I 
I 
__ 
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115V~~ 
__ 
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REXT 
12k TO 
10k) 


lOGIC 
INPUT 
IV••) 


ANALOG 
INPUT (VA) 


SHUNT 
_ 


ELEMENT 


AUDIO 
R'N 
SIGNAL 
INPUT 


I 
I 
IL__-, 
• 
I 
I 
_____ 
.-J 


CHARACTERISTICS: 
TYPICAL OUTPUT 


VOLTAGE 
DRIFT 


<5mVl_ 


1I ' 


12.510 r-------, 


I 
I 
m 
I 


2 Beckman 
resistor arrays 


Part # 698-1-A 
lOOk B recommended 


1 
1& r 


:l---+ 


1 
T 


T 


• 
8 


40R. 


lOR7 


lZ.5k 
-, 
I 
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I 
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Note: The switch i. "ON" whan G is at OV (Logic "0") 
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I 
I ':" 
15 
I 
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I 
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141 
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CHARACTERISTICS: 
ERROR=O.4"V 
TYPICAL 
•• 25"C 


10"V 
TYPICAL 
•• 70"C 


Note: The analog switch between the op amp and the 16 input 


switches 
reduces 
the errors due to leakage. 
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General Description 


This versatile 
dual monolithic 
JFET analog 
switch 
economi- 


cally fulfills 
a wide variety 
of multiplexing 
and analog 
switch- 
ing applications. 


These 
switches 
may 
be driven 
directly 
from 
standard 
5V 


logic. 


The 
monolithic 
construction 
guarantees 
tight 
resistance 


match 
and track. 


Features 


• 
Interfaces 
with standard 
TTL 


• 
"ON" 
resistance 
match 


• 
Low "ON" 
resistance 


• 
Very low leakage 


• 
Large 
analog 
signal 
range 


• 
High sWitching 
speed 


• 
Excellent 
isolation 
between 


channels 


20 


1500 


50 pA 


±10V 
peak 


150 ns 


80 dB 
at 1 kHz 


Applications 


• 
AID 
and 0/ A converters 


• 
Micropower 
converters 


• 
Industrial 
controllers 


• 
Position 
controllers 


• 
Data acquisition 


• 
Active 
filters 


.• 
Signal 
mUltiplexers/demultiplexers 


• 
Multiple 
channel 
AGC 


• 
Quad compressors/expanders 


• 
Choppers/demodulators 


• 
Programmable 
gain amplifiers 


• 
High impedance 
voltage 
buffer 


• 
Sample 
and hold 


For voltage 
switching 
applications 
see LF13201, 
LF13202, 


LF13331, 
LF13332, 
and LF13333 
Analog 
Switch 
Family, 
or 


the CMOS Analog 
Switch 
Family. 


Top View 


Order 
Number 
AH5020CJ 
See NS Package 
Number 
J08A 


Absolute Maximum Ratings 
(Note 1) 
If Military/Aerospace 
specified devices are required, 
Drain Current 
30mA 


please 
contact 
the 
National 
Semiconductor 
Sales 
Power Dissipation 
SOOmW 


Office/Distributors for availability and specifications. 
Operating 
Temp. 
Range 
- 2S·C to + 8S·C 


Input Voltage 
30V 
Storage 
Temperature 
Range 
- 6S·C to + 1S0·C 


Positive 
Analog 
Signal Voltage 
30V 
Lead Temp. 
(Soldering, 
10 seconds) 
300·C 
Negative 
Analog 
Signal Voltage 
-1SV 


Diode Current 
10mA 


Electrical Characteristics 
(Notes 2 and 3) 


Symbols 
Parameter 
Conditions 
Typ 
Max 
Units 


IGSX 
Input Current 
"OFF" 
VGD = 4.SV, VSD = 0.7V 
0.01 
0.1 
nA 


VGD = 11V, VSD = 0.7V 
0.01 
0.2 
nA 


TA = 8S·C, VGD = 11V, VSD = 0.7V 
10 
nA 


ID(OFF) 
Leakage 
Current 
"OFF" 
VSD = 0.7V, VGS = 3.8V 
0.01 
0.2 
nA 


TA = 8S·C 
10 
nA 


IGION) 
Leakage 
Current 
"ON" 
VGD = OV, IS = 1 mA 
0.08 
1 
nA 


TA = 8S·C 
200 
nA 


IG(ON) 
Leakage 
Current 
"ON" 
VGD = OV, Is = 2 mA 
0.13 
S 
nA 


TA = 8S·C 
10 
",A 


IG(ON) 
Leakage 
Current 
"ON" 
VGD = OV,ls = -2mA 
0.1 
10 
nA 


TA = 8S·C 
20 
",A 


rDS(ON) 
Drain-Source 
Resistance 
VGS = O.SV, Is = 2 mA 
90 
1S0 
n 


TA = +8S·C 
240 
n 


VDIODE 
Forward 
Diode Drop 
ID = O.SmA 
0.8 
V 


rDS(ON) 
Match 
VGS = O,ID = 1 mA 
2 
20 
n 


TON 
Turn "ON" 
Time 
See ac Test Circuit 
1S0 
SOO 
ns 


TOFF 
Turn "OFF" 
Time 
See ac Test Circuit 
300 
SOO 
ns 


CT 
CrossTalk 
See ac Test Circuit 
120 
dB 


Note 
1: Absolute 
Maximum 
Ratings indicate limits beyond which damage 
to the device may occur. DC and AC electrical 
specifications 
do not apply when operating 
the device 
beyond 
its specified 
operating 
conditions. 


Note 
2: Test conditions 
2S0C unless otherwise 
noted. 


Note 3: "OFF" and "ON" notation refers to the conduction state of the FET switch. 


Note 4: Thermal Resistance: 


8JA (Junctionto Ambient) ... .... . .. N/A 


8JC (Junctionto Case) .... 
. ..... 
N/A 


0.1 j<I' 


~ 


10 
1~ 
1.0 
5 
10 
100 


VGS-GATE·SOURCE CUTOFF VOLTAGE(V) 


"ON" Resistance, rOS{ON) 
vs Temperature 
lSO 
ID= -1 
mA 
S" 
;:;125 
..• 
:il1 
100 
; 
~ 
75 
Z 
l" 
so 
Li! 
25 
~ 


0 
25 
35 
45 
55 
65 
75 
85 


TEMPERATURE(OC) 


TLiH/5166-B 


Leakage Current vs 
Drain-Gate Voltage 
1000 


~ 
§ 100 
... 
:::0..I10 
ti 


1.0 
0 
5.0 
10 
15 
20 
25 


OIWH-GATE VOLTAGE(V) 


TL/H/5166-10 


Drain Current vs Bias 
Voltage 
-25 


!-2O 
§ -15 
... 
:::0..i-10 
1. -5 


Vos= -10V 
\ 
IEl 
kHz 
\ 
TA=25"C 
\ 
\ \, \. 


\. \. "'" '- 
"' 
•... ~ 
o 
o 
1.0 
2.0 
3.0 


8ATE-IOURCE VOLT. 
(V) 


Leakage Current, IO(OFF) 
vs Temperature 


10k~~ 
~ 
~ 
i lk~Ef~~~~~ 
13 
~ 


~100~~j ~ 


35 
45 
55 
65 
75 
85 


TEMPERATURE(OC) 


Cross Talk, CT vs Frequency 
-120 


-110 
••.-100 
:2.-90 
~ -80 
In -70 
Ii! -60 
I-SO 
t; -40 
-30 
-20 
-10 
100 
lk 
10k 
lOOk 


FREOUENCY(Hz) 


Transconductance 
vs 
Drain Current 
100I 
... 


~ 
10iI 


-1.0 
-10 


OIWN CURRENT(mA) 


Normalized Drain Resistance 
vs Bias Voltage 
§: 100 
VasIDFF)~:- 
10V._-10 
,.A 


~ 
50 
I'DSb = __ 
Ill$~_ 
! 
1-~ 
~ 
VGS(OFF) 


t3 
20 
... 
1 


10 


5.0 
iIj 
2.0 


0.2 
0.4 
0.8 
0.8 
1.0 


/Vss/VslIOFF) 
I-NORMAUUO 
OATE·TG-SOURCEVOI1AGE (V) 


Applications 
Information 


THEORY 
OF OPERATION 
The AH5020 analog switches are primarily intended for op- 
eration in current mode switch applications; Le., the drains 
of the FET switct) are held at or near ground by operating 
into the summing junction of an operational amplifier. Limit- 
ing the drain voltage to under a few hundred millivolts elimi- 
nates the need for a special gate driver, allowing the 
switches to be driven directly by standard TIL. 


If only one of the two switches in each package is used to 
apply an input signal to the input of an op amp, the other 
switch FET can be placed in the feedback path in order to 
compensate for the "ON" resistance of the switch FET as 
shown in Figure 
1. 


The closed-loop gain of Figure 
1 is: 


R2 + rOS(ON)Q2 
AVCL 
= - ------ 
R1 + rOS(ON)Q1 
For R1 = R2, gain accuracy is determined by the rOS(ON) 
match between 01 and 02. Typical match between 01 and 
02 is 2fi resulting in a gain accuracy of 0.02% (for R1 = R2 
= 10 kfi). 


VA 
ANAUlG 
INPUT 


NOISE 
IMMUNITY 
The switches with the source diodes grounded exhibit im- 
proved noise immunity for positive analog signals in the 
"OFF" 
state. With VIN = 
15V and the VA = 
10V, the 
source of 01 is clamped to about 0.7V by the diode (Vas = 
14.3V) ensuring that ac signals imposed on the 10V input 
will not gate the FET "ON", 


SELECTION 
OF GAIN SETTING 
RESISTORS 
Since the AH5020 analog switches are operated in current 
mode, it is generally advisable to make the signal current as 
large as possible. However, current through the FET switch 
tends to forward bias the source to gate junction and the 
signal shunting diode resulting in leakage through these 
junctions. As shown in Figure 2, IG(ON)represents a finite 
error in the current reaching the summing junction of the op 
amp. 


Secondly, the rOS(ON)of the FET begins to "round" as Is 
approaches loss, A practical rule of thumb is to maintain Is 
at less than 'Ao of loss. 
Combining the criteria from the above discussion yields: 


R1 MIN ;;, VA(MAX)Ao 
(2a) 
() 
la(ON) 


;;, VA(MAX) 
loss/10 
whichever is larger. 


R2 
10k 


ANALOG 
OUTPUT 


1••• * 
Rl- 


Applications 
Information 
(Continued) 


Where VA(MAX) = Peak amplitude of the analog input 
signal 
= Desired accuracy 
= Leakage at a given Is 
= Saturation current of the FET switch 
= 20mA 


In a typical application, VA might = ±10V, Ao =0.1%, O'C 
,;; TA ,;; 85'C. The criterion of equation (2b) predicts: 


10V 
Rl(MIN) ~ 20 mA =5 kl1 


10 
For Rl 
= 5k, Is •• 10V/5k or 2 mA. The electrical charac- 
teristics guarantee an IG(ON) ,;; l",A 
at 85'C 
for the 


AH5020. Per the criterion of equation (2a): 
(10V)(10-3) 
Rl(MIN) ~ 
1 X 10-6 
~ 10 kl1 


Since equation (2a) predicts a higher value, the 10k resistor 
should be used. 
The "OFF" condition of the FET also affects gain accuracy. 
As shown in Figure 3, the leakage across 02, IO(OFF)repre- 
sents a finite error in the current arriving at the summing 
junction of the op amp. 


AO 
IG(ON) 
loss 


II_} 
.1- 


Accordingly: 


Rl MAX ,;; VA(MIN)Ao 


( 
) 
(N) IO(OFF) 


Where VA(MIN) 
Minimum value for the analog input sig- 
nal 
Ao 
Desired accuracy 


N 
Number of channels 
IO(OFF) 
"OFF" leakage of a given FET switch 


As an example, if N= 10, Ao = 0.1%, and IO(OFF),;; 10 nA 
at 85'C for the AH5020. Rl(MAX) is: 


Rl 
,;; 
(1V)(10-3) 
-10k 
(MAX) 
(10)(10 X 10-9) 


Selection of R2, of course, depends on the gain desired and 
for unity gain Rl 
= R2. 


Lastly, the foregoing discussion has ignored resistor toler- 
ances, input bias current and offset voltage of the op 
amp - 
all of which should be considered in setting the 


overall gain accuracy of the circuit. 
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TTL COMPATIBILITY 


Standard 
TIL gates pull-up to about 3.5V (no load). In order 


to ensure 
turn-off 
of the AH5020, 
a pull-up 
resistor, 
REXT of 


at least 10 kO should 
be placed 
between 
the 5V Vcc and the 


gate output 
as shown 
in Figure 
4. 


Roo 
(211 
TO 


10k) 
'=' 


II 
I 
IsvmGATE 
'=' 
'='.J 
L:.: 
_ 


DEFINITION 
OF TERMS 


The terms 
referred 
to in the electrical 
characteristics 
tables 


are as defined 
in Figure 
5. 


rOM 


AUDIO 
SIGNAL 
INPUT 


r,IIIIIIIL 
_ 


2 


GAIN SELECT 


Characteristics: 
Gsln = - EOUT ~ 
RFS 
IIN 


Ell 


Quad SPST JFET Analog Switches 


LFl1331, 
LF13331 4 Normally Open Switches with Disable 


LFl1332, 
LF13332 4 Normally Closed Switches with Disable 


LFl1333, 
LF13333 2 Normally Closed Switches and 2 Normally Open Switches with Disable 


LFl1201, 
LF13201 4 Normally Closed Switches 


LFl1202, 
LF13202 4 Normally Open Switches 


General Description 
These devices are a monolithic combination of bipolar and 
JFET technology producing the industry's first one chip 
quad JFET switch. A unique circuit technique is employed to 
maintain a constant resistance over the analog voltage 
range of ± 10V. The input is designed to operate from mini- 
mum TTL levels, and switch operation also ensures a break- 
before-make action. 


These devices operate from ± 15V supplies and swing a 
± 10V analog signal. The JFET switches are designed for 
applications where a de to medium frequency analog signal 
needs to be controlled. 


Features 
• 
Analog signals are not loaded 
• 
Constant "ON" resistance for signals up to ± 10V and 
100 kHz 
• 
Pin compatible with CMOS switches with the advantage 
of blowout free handling 
• 
Small signal analog signals to 50 MHz 
• 
Break-before-make action 
• 
High open switch isolation at 1.0 MHz 
• 
Low leakage in "OFF" state 
• 
TTL, DTL, RTL compatibility 
• 
Single disable pin opens all switches in package on 
LF11331, LF11332, LF11333 
• 
LF11201 is pin compatible with DG201 


toFF < toN 


-50 dB 
<1.0 nA 


r-------, 


Is 
~ 
I 
~I 
~ 


I 
__JVW 


I 
I~ 
I 
I 
L_ -fV!!.....J ~c':..-.J 


1•• 
1 
I 
tt 6 
+ -15V 
cc 
+15V 
FIGURE 1. Typical CIrcuit for One Switch 


-!!- 


lOGIC 


INPUT 
V'N 


(lOGIC "0" 
< O.8V) 
(LOGIC •.,.. > 2.0V) 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Power 
Dissipation 
(Note 2) 


please 
contact 
the 
National 
Semiconductor 
Sales 
Molded 
DIP (N Suffix) 
500mW 


Office/Distributors 
for 
availability 
and 
specifications. 
Cavity DIP (0 Suffix) 
900mW 


(Note 
1) 
Operating 
Temperature 
Range 


Supply Voltage 
(Vee-VEE) 
36V 
LF11201, 
2 and LF11331, 
2, 3 
- 55'C to + 125'C 


Reference 
Voltage 
VEE,;;VR,;;Vee 
LF13201, 
2 and LF13331, 
2, 3 
O'Cto 
+70'C 


Logic Input Voltage 
VR-4.0V,;;VIN,;;VR+6.0V 
Storage 
Temperature 
- 65'C to + 150'C 


Analog 
Voltage 
VEE,;;VA,;;Vee+6V; 
Soldering 
Information 


VA,;;VEE+36V 
Nand 
0 Package 
(10 sec.) 
300'C 


Analog 
Current 
!IAI<20mA 
SO Package 
Vapor Phase (60 sec.) 
215'C 


Infrared 
(1 5 sec.) 
220'C 
Electrical Characteristics 
(Note 3) 


LFl1331/2/3 
LF13331/2/3 


Symbol 
Parameter 
Conditions 
LFl120112 
LF13201/2 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


RON 
"ON" 
Resistance 
VA=O, 
10= 1 mA 
TA=25'C 
150 
200 
150 
250 
n 


200 
300 
200 
350 
n 
RON Match 
"ON" 
Resistance 
Matching 
TA=25'C 
5 
20 
10 
50 
n 


VA 
Analog 
Range 
±10 
±11 
±10 
±11 
V 


IS(ON) + 
Leakage 
Current 
in "ON" 
Condition 
Switch 
"ON,"Vs=Vo= 
±10V 
TA=25'C 
0.3 
5 
0.3 
10 
nA 


101ON) 
3 
100 
3 
30 
nA 


IS(OFF) 
Source 
Current 
in "OFF" 
Condition 
Switch 
"OFF," 
Vs= 
+ 10V, 
TA=25'C 
0.4 
5 
0.4 
10 
nA 


Vo=-10V 
3 
100 
3 
30 
nA 


10(OFF) 
Drain Current 
in "OFF" 
Condition 
Switch 
"OFF," 
Vs= 
+ 10V, 
TA=25'C 
0.1 
5 
0.1 
10 
nA 


Vo=-10V 
3 
100 
3 
30 
nA 


VINH 
Logical 
"1" 
Input Voltage 
2.0 
2.0 
V 


VINL 
Logical 
"0" 
Input Voltage 
0.8 
0.8 
V 


IINH 
Logical 
"1" 
Input Current 
VIN=5V 
TA=25'C 
3.6 
10 
3.6 
40 
",A 


25 
100 
",A 
IINL 
Logical 
"0" 
Input Current 
VIN=0.8 
TA=25'C 
0.1 
0.1 
",A 


1 
1 
",A 


tON 
Delay Time "ON" 
VS= 
±10V, 
(Figure 3) 
TA=25'C 
500 
500 
ns 
tOFF 
Delay Time "OFF" 
Vs= 
±10V, 
(Figure 3) 
TA=25'C 
90 
90 
ns 
tON-toFF 
Break-Before-Make 
Vs= 
±10V, 
(Figure 3) 
TA=25'C 
80 
80 
ns 
CS(OFF) 
Source 
Capacitance 
Switch 
"OFF," 
Vs= 
± 10V 
TA=25'C 
4.0 
~ 
4.0 
pF 
Co(OFF) 
Drain Capacitance 
Switch 
"OFF," 
Vo= 
± 10V 
TA=25'C 
3.0 
3.0 
pF 


CSION) + 
Active 
Source 
and Drain Capacitance 
Switch 
"ON," 
Vs=Vo=OV 
TA=25'C 
5.0 
5.0 
pF 
COlON) 


ISO(OFF) 
"OFF" 
Isolation 
(Figure 4), (Note 4) 
TA=25'C 
-50 
-50 
dB 
CT 
Crosstalk 
(Figure 4), (Note 4) 
TA=25'C 
-65 
-65 
dB 
SR 
Analog 
Slew Rate 
(Note 5) 
TA=25'C 
50 
50 
V/",s 
10iS 
Disable Current 
(Figure 5), (Note 6) 
TA=25'C 
0.4 
1.0 
0.6 
1.5 
mA 


0.6 
1.5 
0.9 
2.3 
mA 


lEE 
Negative 
Supply Current 
All Switches 
"OFF," 
Vs= 
± 10V TA=25'C 
3.0 
5.0 
4.3 
7.0 
mA 


4.2 
7.5 
6.0 
10.5 
mA 
IR 
Reference 
Supply Current 
All Switches 
"OFF,"Vs= 
±10V 
TA=25'C 
2.0 
4.0 
2.7 
5.0 
mA 


2.8 
6.0 
3.8 
7.5 
mA 
Ice 
Positive 
Supply Current 
All Switches 
"OFF," 
Vs= 
± 10V TA = 25'C 
4.5 
6.0 
7.0 
9.0 
mA 


6.3 
9.0 
9.8 
13.5 
mA 


Nole 1: Refer10 RETSF11201X,RETSF11331X,RETSFl1332Xand RETSFl1333Xfor militaryspecifications. 


Note 2: For operating at high temperature 
the molded DIP products must be derated based on a + 100"C maximum junction temperature 
and a thermal resistance 
of + 15f1'C/W, 
devices in the cavity DIP are based on a + 150"C maximum junction temperature 
and are derated at ±10crC/W. 
Nole 3: Unlessotherwisespecified,Vcc= + 1SV,VEE=-1SV, VR=OV,and limits apply for -SS"C,;TA'; + 12S"Cfor the LF11331/2/3 and the LFl1201/2. 
-2S"C,;TA'; +8S"C for the LF13331/2/3 and the LF13201/2. 


Note 4: These parameters 
are limited by the pin to pin capacitance 
of the package. 


Note 5: This is the analog signal slew rate above which the signal is distorted 
as a result of finite internal slew rates. 


Note 8: AlllWitchet 
In the device are turned "OFF" 
by saturating a transistor at the disable node as shown in Figure 5. The delay time will be approximately 
equal 
to the toN or loFF plul the delayintroducedby the externaltransistor. 


Note 7: This graph indk:at •• 
the anatog current at whiCh 1% of the analog current is lost when the drain is positive with respect to the source. 


Nole 8: 8JA(Typical)ThermalR8Ilitance 


MoldedDIP(N) 
8S"C/W 


CavityDIP(D) 
100"C/W 


SmallOulline (M) 
10S"C/W 


N 
0 
N 
Connection Diagrams (Top View for SO and Dual-in-Line Packages) (All Switches Shown are For Logical "0") 
C").•.. 
LI. 


LF11331/LF13331 
LF11332/LF13332 
..J 
...... 
N 
IN. 
04 
S4 
DISABLE -vcc 
S3 
IN, 
04 
IN, 
0 
N.•.. 
.•.. 
LI. 
..J 
.......•.. 
0 
N 
C").•.. 
LI. 
..J 
.......•.. 
0 
N.•.. 
.•.. 
LI. 


IN, 
v. 
-Vu 
..J 
IN, 
01 
51 
v. 
-v•• 
IN, 
...... 


C") 
TL/H/5667-1 
TUH/5667-13 
C") 
C") 
C") 
LF11333/LF13333 
LF11201/LF13201 
.•.. 
LI. 


IN. 
S3 
+Vcc 
..J 
...... 


C") 
C") 
C").•.. 
.•.. 
LI. 
..J 
...... 
N 
C") 
C") 
C").•.. 
LI. 
..J 
...... 
N 
C") 
C").•.. 
IN, 
v• 
-VEE 
IN, 
IN, 
-v •• 
v. 
IN, 
.•.. 
LI. 
TUH/5667 -15 
..J 
TL/H/5667-14 
.......•.. 
C") 
LF11202/LF13202 
Order Number LF13201D, LF11201D, LF11201D/883, 
C") 
LF13202D,LF11202D,LF11202D/883,LF13331D, 
C") 
IN• 
S4 
.•.. 
LF11331D,LF11331D/883,LF13332D,LF11332D, 
LI. 
..J 
LF11332D/883, LF13333D, LF11333D or LH11333D/883 
...... 


See NS Package Number D16C 
.•.. 
C") 
C") 
Order Number LF13201M, LF13202M, LF13331M, 
.•.. 
.•.. 
LF13332M or LF13333M 
LI. 
..J 
See NS Package Number M16A 


Order Number LF13201N, LF13202N, LF13331N, 


LF13332N or LF13333N 
See NS Package Number N16A 


IN, 
01 
51 
-Vn 
v. 
52 
02 
IN, 


TLlH/5667-16 


Test Circuit and Typical Performance Curves 
Delay Time, Rise Time, Settling Time, and Switching Transients 
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Additional Test Circuits 
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FIGURE 3. tON,tOFFTest Circuit and Waveforms for a Normally Open Switch 
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FIGURE 4. "OFF" leoletlon, Crosstalk, Small Signal Response 


Typical Performance Characteristics 
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Application 
Hints 


GENERAL 
INFORMATION 
These devices are monolithic quad JFET analog switches 
with "ON" resistances which are essentially independent of 
analog voltage or analog current. The leakage currents are 
typically less than 1 nA at 2S·C in both the "OFF"and "ON" 
switch states and introduce negligible errors in most appli- 
cations. Each switch is controlled by minimum TIl 
logic 
levels at its input and is designed to turn "OFF" faster than 
it will turn "ON." This prevents two analog sources from 
being transiently connected together during switching. The 
switches were designed for applications which require 
break-before-make action, no analog current loss, medium 
speed switching times and moderate analog currents. 


Because these analog switches are JFET rather than 
CMOS, they do not require special handling. 


LOGIC 
INPUTS 
The logic input (IN), of each switch, is referenced to two 
forward diode drops (1.4V at 2S·C) from the reference sup- 
ply (VR)which makes it compatible with DTl, RTl, and TIl 
logic families. For normal operation, the logic "0" voltage 
can range from 0.8V to -4.0V 
with respect to VR and the 


logic "1" voltage can range from 2.0V to 6.0V with respect 
to VR, provided VIN is not greater than (Vee-2.SV). 
If the 


input voltage is greater than (Vee -2.SV), the input current 
will increase. If the input voltage exceeds 6.0V or -4.0V 
with respect to VR, a resistor in series with the input should 
be used to limit the input current to less than 100,...A. 


ANALOG 
VOLTAGE 
AND CURRENT 


Analog 
Voltage 


Each switch has a constant "ON" resistance (RON)for ana- 
log voltages from (VEE+ SV) to (Vee-SV). 
For analog volt- 


ages greater than (Vee-SV), 
the switch will remain ON in- 


dependent of the logic input voltage. For analog voltages 
less than (VEE+SV), the ON resistance of the switch will 
increase. Although the switch will not operate normally 
when the analog voltage is out of the previously mentioned 
range, the source voltage can go to either (VEE+36V) or 
(Vee+6V), whichever is more positive, and can go as nega- 
tive as VEE without destruction. The drain (D) voltage can 
also go to either (VEE+36V) or (Vee+ 6V), whichever is 
more positive, and can go as negative as (Vee-36V) 
with- 


out destruction. 


Analog 
Current 


With the source (S) positive with respect to the drain (D), the 
RONis constant for low analog currents, but will increase at 
higher currents (>S mAl when the FET enters the satura- 
tion region. However, if the drain is positive with respect to 
the source and a small analog current loss at high analog 
currents (Note 6) is tolerable, a low RONcan be maintained 
for analog currents greater than S mA at 2S·C. 


LEAKAGE 
CURRENTS 
The drain and source leakage currents, in both the ON and 
the OFF states of each switch, are typically less than 1 nA 
at 2S·C and less than 100 nA at 12S·C. As shown in the 
typical curves, these leakage currents are Dependent on 
power supply voltages, analog voltage, analog current and 
the source to drain voltage. 


DELAY 
TIMES 


The delay time OFF (IoFF) is essentially independent of 
both the analog voltage and temperature. The delay time 
ON (ioN) will decrease as either (Vee-VA) 
decreases or 
the temperature decreases. 


POWER 
SUPPLIES 


The voltage between the positive supply (Vecl and either 
the negative supply (VEE)or the reference supply (VR) can 
be as much as 36V. To accommodate variations in input 
logic reference voltages, VR can range from 
VEE to 
(Vee-4.SV). Care should be taken to ensure that the power 
supply leads for the device never become reversed in polar- 
ity or that the device is never inadvertantly installed back- 
wards in a test socket. If one of these conditions occurs, the 
supplies would zener an internal diode to an unlimited cur- 
rent; and result in a destroyed device. 


SWITCHING 
TRANSIENTS 
When a switch is turned OFF or ON, transients will appear 
at the load due to the internal transient voltage at the gate 
of the switch JFET being coupled to the drain and source by 
the junction capacitances of the JFET. The magnitude of 
these transients is dependent on the load. A lower value RL 
produces a lower transient voltage. A negative transient oc- 
curs during the delay time ON, while a positive transient 
occurs during the delay time OFF. These transients are rela- 
tively small when compared to faster switch families. 


DISABLE 
NODE 


This node can be used, as shown in Figure 5, to turn all the 
switches in the unit off independent of logic inputs. Normal- 
ly, the node floats freely at an internal diode drop (:::::0.7V) 
above VR. When the external transistor in Figure 5 is satu- 
rated, the node is pulled very close to VR and the unit is 
disabled. Typically, the current from the node will be less 
than 1 mA. This feature is not available on the lF11201 or 
lF11202 series. 
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t!JNational 
Semiconductor 


LF1350a a-Channel Analog Multiplexer 
LF13509 4-Channel Differential Analog Multiplexer 


General Description 


The LF13508 
is an 8-channel 
analog 
multiplexer 
which 
con- 
nects 
the output 
to 1 of the 8 analog 
inputs 
depending 
on 


the state of a 3-bit binary address. 
An enable 
control 
allows 


disconnecting 
the output. 
thereby 
providing 
a package 
se- 
lect function. 


This device 
is fabricated 
with National's 
BI-FET 
technology 


which 
provides 
ion-implanted 
JFETs 
for the analog 
switch 


on the 
same 
chip 
as the 
bipolar 
decode 
and switch 
drive 


circuitry. 
This 
technology 
makes 
possible 
low 
constant 


"ON" 
resistance 
with 
analog 
input voltage 
variations. 
This 


device 
does 
not 
suffer 
from 
latch-up 
problems 
or 
static 


charge 
blow-out 
problems 
associated 
with 
similar 
CMOS 


parts. 
The digital 
inputs 
are designed 
to operate 
from 
both 


TIL 
and 
CMOS 
levels 
while 
always 
providing 
a definite 


break-before-make 
action. 


The LF13509 
is a 4-channel 
differential 
analog 
multiplexer. 
A 2-bit 
binary 
address 
will connect 
a pair of independent 


analog 
inputs 
to one of any 4 pairs of independent 
analog 


outputs. 
The 
device 
has all the 
features 
of the 
LF13508 


series 
and should 
be used whenever 
differential 
analog 
in- 


puts are required. 


Features 


• 
JFET 
switches 
rather 
than CMOS 


• 
No static 
discharge 
blow-out 
problem 


• 
No SCR latch-up 
problems 


• 
Analog 
signal 
range 
11V, 
-15V 


• 
Constant 
"ON" 
resistance 
for 
analog 
signals 
between 


-11V 
and 11V 


• 
"ON" 
resistance 
380 n typ 


• 
Digital 
inputs 
compatible 
with TIL 
and CMOS 


• 
Output 
enable 
control 
• 
Break-before-make 
action: 
toFF=0.2 
,...s; toN=2 
,...styp 


• 
Lower 
leakage 
devices 
available 
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Office/Distributors 
for availability 
and specifications. 
Molded 
DIP (N) 
Po 
SOOmW 


Positive 
Supply 
- 
Negative 
Supply (Vcc- 
VEE) 
36V 
Cavity DIP (D) 
Po 
900mW 


Positive 
Analog 
Input Voltage 
(Note 1) 
Vcc 
Small Outline 
(SO) 
Po 
SOOmW 


Negative 
Analog 
Input Voltage 
(Note 1) 
-VEE 
Maximum 
Junction 
Temperature 
(TjMAX) 
100'C 


Positive 
Digital Input Voltage 
Vcc 


Operating 
Temperature 
Range 
O"C,;;TA';; 
+70'C 


Negative 
Digital Input Voltage 
-SV 
Storage 
Temperature 
Range 
- 6S'C to + lS0'C 


Analog 
Switch 
Current 
Itsl<10 
mA 
Lead Temperature 
D Package 
(Soldering, 
10 seconds) 
300'C 


N Package 
(Soldering, 
10 seconds) 
260'C 


Surface 
Mount 
Package 
(SO) 
Vapor Phase (60 seconds) 
21S'C 
Infrared 
(lS seconds) 
220"C 


Electrical Characteristics 
(Note 3) 


J 
.- 
LF13508 


Symbol 
Parameter 
Conditions 
LF13509 
Units 


Min 
Typ 
Max 


RON 
"ON" 
Resistance 
VOUT=OV,ls= 
100 IJ-A 
TA=2S'C 
380 
6S0 
n 


SOO 
8S0 
n 


boRON 
boRONwith Analog 
Voltage 
-10V,;;VOUT';; 
+ 10V, Is= 
100 IJ-A 
TA=2S'C 
0.01 
1 
% 
Swing 


RON Match 
RON Match Between 
Switches 
VOUT=OV,ls=100 
IJ-A 
TA=2S'C 
20 
lS0 
n 


IS(OFF) 
Source 
Current 
in "OFF" 
Switch 
"OFF", 
Vs= 
11, Vo= 
-11, 
TA=2S'C 
S 
nA 


Condition 
(Note 4) 
0.09 
SO 
nA 


IO(OFF) 
Drain Current 
in "OFF" 
Switch 
"OFF", 
VS=ll, 
Vo= 
-11, 
TA=2S'C 
20 
nA 


Condition 
(Note 4) 
0.6 
SOO 
nA 


IO(ON) 
Leakage 
Current 
in "ON" 
Switch 
"ON" 
Vo = l1V, 
(Note 4) 
TA=2S'C 
20 
nA 


Condition 
1 
SOO 
nA 


VINH 
Digital "1" 
Input Voltage 
( 
2.0 
V 


VINL 
Digital "0" 
Input Voltage 
0.7 
V 


IINL 
Digital "0" 
Input Current 
VIN=0.7V 
TA=2S'C 
1.S 
30 
IJ-A 


40 
IJ-A 


IINL(EN) 
Digital "0" 
Enable Current 
VEN=0.7V 
TA=2S'C 
1.2 
30 
IJ-A 


• 
40 
IJ-A 


tTRAN 
Switching 
Time of Multiplexer 
(Figure 
1), (Note S) 
\' 
TA=2S'C 
1.8 
IJ-s 


!oPEN 
Break-Before-Make 
(Figure 3) 
TA=2S'C 
1.6 
IJ-s 


!oN (EN) 
Enable 
Delay "ON" 
(Figure 2) 
. 
, 
" 
TA=2S'C 
1.6 
IJ-s 


!oFF(EN) 
Enable 
Delay "OFF" 
j 
(Figure 2) 
TA=2S'C 
0.2 
IJ-s 


ISO(OFF) 
"OFF" 
Isolation 
(Note 6) 
TA=2S'C 
-66 
dB 


CT 
Crosstalk 
LF13S09 
Series, 
(Note 6) 
TA=2S'C 
-66 
dB 


CS(OFF) 
Source 
Capacitance 
("OFF") 
Switch 
"OFF", 
VOUT=OV, 
TA=2S'C 
2.2 
pF 
VS=OV 


CO(OFF) 
Drain Capacitance 
("OFF") 
Switch 
"OFF", 
VOUT=OV, 
TA=2S'C 
11.4 
pF 
Vs=OV 


Ice 
Positive 
Supply Current 
All Digital Inputs Grounded 
TA=2S'C 
7.4 
12 
mA 


7.9 
lS 
mA 


lEE 
Negative 
Supply Current 
All Digital Inputs Grounded 
TA=2S'C 
2.7 
S 
mA 


2.8 
6 
mA 


'. 


Note 
1: If the analog input voltage exceeds this limit, the input current should be limited to less than 10 mA. 


Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures 
and is dictated by TjMAX, 9jA' and the ambient temperature, 


TA. The maximum available 
power dissipation 
at any temperature 
is PD= (TjMAX- TA)/9jA or the 25°C PDMAX, whichever 
is less. 


Note 3: These specifications 
apply for Vs = ± 15V and over the absolute 
maximum operating 
temperature 
range (TL:s:TA~ TH) unless otherwise 
noted. 


Note 4: Conditions 
applied to leakage tests insure worse case leakages. 
Exceeding 
11V on the analog input may cause an "OFF" 
channel to turn "ON". 


Note 5: Lots are sample tested to this parameter. 
The measurement 
conditions 
of Figure 
1 insure worse case transition 
time. 


Note I: "OFF" 
isrnation is measured with all switches 
"OFF" 
and driving a source. Crosstalk 
is measured with a pair of switches 
"ON", 
driving channel A and 
measuring channel 
B. RL ~200. CL ~7 
pF, Vs~3 
Vrms, f~500 
kHz. 


Not. 7: Thermal 
Resistance 
8jA (Junction to Ambient) 
Molded DIP (N) 
150"C/W 
Cavity DIP (D) 
100"C/W 


LF13508 


Dual-In-Llne (N or D) or Small Outline (SO) Packages 
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Order Number LF13508D 
See NS Package Number D16C 


Order Number LF13508M 


See NS Package Number M16A 


Order Number LF13508N 
See NS Package Number N16A 


LF13509 
Dual-ln-L1ne (N or D) or Small Outline (SO) Packages 
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Order Number LF13509D 


See NS Package Number D16C 
Order Number LF13509M 
See NS Package Number M16A 
Order Number LF13509N 


See NS Package Number N16A 
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Application 
Hints 
The LF1150a series is an a-channel analog multiplexer 
which allows the connection of a single load to 1 of a differ- 
ent analog inputs. These multiplexers incorporate JFETs in 
a switch configuration which insures a constant "ON" resist- 
ance over the analog voltage range of the device. Four TIL 
compatible inputs are provided; a 3-bit binary decode to se- 
lect a particular channel and an enable input used as a 
package select. The switches operate with a break-before- 
make action preventing the temporary connection of 2 ana- 
log inputs during switching. Because these multiplexers are 
fabricated with the BI-FET process rather than CMOS, they 
do not require special handling. 
The LF11509 series is a 4-channel differential multiplexer 
which allows two loads to be connected to 1 of 4 different 
pairs of analog inputs. The LF11509 series also has all the 
features of the LF1150a. 


ANALOG 
VOLTAGE 
AND CURRENT 


The "ON" resistance, RON,of the analog switches is con- 
stant over a wide input range from positive (Vccl supply to 
negative (-VEE) supply. 
The analog input should not exceed either positive or nega- 
tive supply without limiting the current to less than 10 mA; 
otherwise the multiplexer may get damaged. For proper op- 
eration, however, the positive analog voltage should be kept 
equal to or less than VCC - 
4V as this will increase the 


switch leakage in both "ON" and "OFF" state and it may 
also cause a false turn "ON" of a normally "OFF" switch. 
This limit applies over the full temperature range. 
The maximum allowable switch "ON" 
voltage (the drop 


across the switch in the "ON" condition) is ± 0.4V over tem- 
perature. If this number is to exceed the input current should 
be limited to 10 mA. 


The "ON" 
resistance of the multiplexing switches varies 


slightly with analog current because they are JFETs running 
at OV gate to source. The JFET characteristics shown in 
Figure 4 indicates how RON tends to vary with current. A 
lower RONis possible when the source voltage is negative 
with respect to the drain voltage because the JFET be- 
comes enhanced. Caution should be used when operating 
in this mode as this may forward-bias an internal transistor 
and cause high currents to flow in the switches. Thus. the 
drain voltage should never be greater than 0.4V positive 
with respect to the source voltage without limiting the drain 
current to less than 10 mA. 
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LEAKAGE 
CURRENTS 
Leakage currents will remain within the specified value as 
long as the drain and source remain within the specified 
analog voltage range. As the switch terminals exceed the 
positive analog voltage range "ON" 
and "OFF" 
leakage 
currents increase. The "ON" leakage increases due to an 
internal clamp required by the switch structure. The "OFF" 
leakage increases because the gate to source reverse bias 
has been decreased to the point where the switch becomes 
active. Leakage currents vary slightly with analog voltage 
and will approximately double for every 10·C rise in temper- 
ature. 


SWITCHING 
TIMES 
AND TRANSIENTS 


These 
multiplexers 
operate 
with 
a 
break-before-make 
switch action. The turn off time is much faster than the turn 
on time to guarantee this feature over the full range of ana- 
log input voltage and temperature. Switching transients are 
introduced when a switch is turned "OFF". The amplitude of 
these transients may be reduced by increasing the load ca- 
pacitance or decreasing the load resistance. The actual 
charge transfer in the transient may be reduced by operat- 
ing on reduced power supplies. Examples of switching times 
and transients 
are shown in the 
typical characteristic 
curves. The enable function switching times are specified 
separately from switch-to-switch transition times and may 
be thought of as package-to-package transition times. 


LOGIC INPUTS 
AND ENABLE 
INPUT 


Switch selection in the LF1150a series is accomplished by 
using a 3-bit binary decode while the LF11509 series uses a 
2-bit decode. These binary logic inputs are compatible with 
both TIL 
and CMOS logic voltage levels. The maximum 


positive voltage applied to these inputs may exceed Vcc but 
should not exceed -VEE+36V. 
The maximum negative 
voltage should not be less than 4V below ground as this will 
cause an internal device to zener and all the switches will 
turn "ON". 


As shown in the schematic diagram, the logic low bias cur- 
rent will flow until the PNP input is raised above the 3 diode 
reference (:::::2.1V). Above this voltage the input device be- 
comes. reverse biased and the input current drops to the 
leakage of the reverse biased junction «0.1 
,...A). 
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A SIMPLIFIED 
SYSTEM 
DISCUSSION 


Analog 
multiplexers 
(MUX) 
are usually 
used for multi-chan- 
nel Data Acquisition 
Units 
(DAU). Figure 
5 shows 
a system 
in which 
8 different 
analog 
inputs are sampled 
and convert- 
ed into digital words 
for further 
processing. 
The sample 
and 
hold 
circuit 
is optional, 
depending 
on input 
speed 
require- 
ments 
and on A/D 
converter 
speed. 


Parameters 
characterizing 
the system 
are: 


System 
Channels: 
The number 
of mUltiplexer 
channels. 


Accuracy: 
The conversion 
accuracy 
of each individual 
sam- 
ple with the system 
operating 
at the throughput 
rate. 


Speed 
or Throughput 
Rate: Number 
of samples/second/ 
channel 
the system 
can handle. 


For a discussion 
on system 
structure, 
addressing 
mode and 
processor 
interfacing, 
see application 
note AN-159. 


A. ACCURACY 
CONSIDERATIONS 


1. Multiplexer's 
Influence 
on System 
Accuracy 
(Figure 
6). 


a. The error, 
(E), caused 
by the finite 
"ON" 
resist- 
ance, 
RON, of the multiplexing 
switches 
is given 
by: 


100 
E(%) = -----------where: 


1 + RIN/(RON + Rs + aRON) 


RIN = following 
stage 
input impedance 


aRON 
= "ON" 
resistance 
modulation 
which 
is 
negligible 
for JFET switches 
like the LF11508 


Example: 
Let RON = 450 0., aRON = 0, Rs = 0, TA 
= 25°C and allowable 
E = 0.01 % which 
is equivalent 
to 1/2 
LSB in a 12-bit system: 


RIN I 
= _R_O_N(_1_00_-_E_) 
= 4.5 Mo. 


min 
E 


Note 
that 
if temperature 
effects 
are 
included, 
some 
gain (or full scale) drift will occur; but effects 
on linearity 
are small. 


b. Multiplexer 
settling 
time (ts): 


tsION): is the time required 
for the MUX output 
to 
settle 
within 
a 
predetermined 
accuracy, 
as 
shown 
in Table 
I. 


Cs 
(Figure 
6): MUX 
output 
capacitance 
+ fol- 
lowing 
stage 
input capacitance 
+ any stray ca- 
pacitance 
at this node . 


• RECONOITIONEO 
[ 


A •.•• LOG INPUTS 


ERROR 
% 
BITS 
talON) 
TO 1/2 LSB 


0.2 
8 
6.2t 


0.05 
10 
7.6t 


, 


0.01 
12 
9t 


0.0008 
16 
11.8t 


ts(OFF): is the time it takes to discharge 
Cs within 


a tolerable 
error. The "OFF" 
settling 
time should 


be taken into account 
for bipolar inputs where 
its 


effects 
will appear 
as a worse 
case 
of doubling 


of the ts(ON). 


2. Sample 
and Hold Influence 
on System 
Accuracy 


The sample 
and hold, if used, also introduces 
errors 
into 


the system 
accuracy 
due to: 


• Offset 
voltage 
of sample 
and hold 
• Droop 
rate in the Hold 
mode 
• TA: Aperture 
time or time delay 
between 
the time of a 


digital 
Hold command 
and the actual 
Hold occurance 


• Taq: 
Acquisition 
time 
or time 
it takes 
to 
acquire 
an 


analog 
input 
and 
settle 
within 
a predetermined 
error 


band 
• Hold 
step: 
Error 
created 
during 
the 
Sample 
to 
Hold 


mode 
caused 
by an undesirable 
charge 
injected 
into 


the Hold capacitor 
Ch. 


For 
more 
details 
on 
sample 
and 
hold 
errors, 
see 
the 


LF198/LF298/LF398 
data sheet. 


3. AID 
Converter 
Influence 
on System 
Accuracy 


The "accuracy" 
of the AID 
converter 
is the best possible 


system 
accuracy. 
In most 
data 
acquisition 
systems, 
the 


AID 
converter 
is the most expensive 
single 
component, 


so its error will often 
dominate 
system 
error. Care should 


be taken 
that 
MUX, S/H 
and input source 
errors 
do not 


exceed 
system 
error 
requirements 
when 
added 
to A/D 


errors. 
For instance, 
if an 8-bit accuracy 
system 
is desired 


and an 8-bit AID 
converter 
is used, the accuracy 
of the 


MUX and S/H 
should 
be far better 
than 8 bits. 


For details 
on AID 
converter 
specifications, 
see AN-156. 


1 n BITS WORD 


Typical Applications 
(Continued) 


B. SPEED CONSIDERATIONS 


In the system 
of Figure 5 with the S/H 
omitted, 
if n-bit accu- 


racy 
is desired, 
the 
change 
of 
the 
analog 
input 
voltage 


should 
be less 
than 
± 112 LSB over 
the 
AID 
conversion 


time Te. In other 
words, 
the analog 
input slew rate, (rate of 


change 
of input 
voltage), 
will 
cause 
a slew-induced 
error 
and its magnitude, 
with respect 
to the total system 
error, will 
depend 
on the particular 
application. 


b.VIN I 
< ±1/2 
LSB = ~ 


b.t 
max 
Te 
2" x Te 


where 
VFS is the 
full scale 
voltage 
of the AID. 
Note 
that 


slew induced 
errors are not affected 
by the MUX switch time 


since we can let the unit settle 
before 
starting 
conversion. 


Example: 
Let Te = 40 p.s (MM4357), 
VFS = 10V and n 


= 8. 


b.VIN I 
< 1mV 


b.t 
max 
p.s 


which 
is a very small 
number. 
A 10 Vp-p sine wave of a 


frequency 
greater 
than 32 Hz will have higher 
slew rate 


than this. The maximum 
throughput 
rate of the above 
8- 


channel 
system 
would 
be calculated 
using both the AID 


conversion 
time and the sum of MUX switch 
"ON" 
time 


and settling 
time, i.e.: 


Th. R I 


max 


1 
----- 
= 3k samples/secl 
8(T e + T MUX) 
channel 


Also 
notice 
that 
Nyquist 
sampling 
criteria 
would 
allow 


each channel 
to have a signal bandwidth 
of 1.5 kHz max, 
while 
the slew 
limit dictates 
a maximum 
frequency 
of 32 


Hz. If the 
input 
signal 
has a peak-to-peak 
voltage 
less 


than 10V, the allowable 
maximum 
input frequency 
can be 


calculated 
by: 


f 
_ 
(Slew Rate)max 


MAX - 
rrVp-p 


On the other 
hand, if the input voltage 
is not band-limited 
a 


low pass filter with an attenuation 
of 30 dB or better 
at 1.5 


kHz, should 
be connected 
in front of the MUX. 


1. Improving 
System 
Speed 
with a Sample 
and Hold 


The 
system 
speed 
can 
be improved 
by using 
the 


S/H 
shown 
in Figure 
5. This allows 
a much greater 


rate of change 
of VIN. 


where 
TA is the aperture 
time of the S/H. 
This repre- 


sents 
an input slew rate improvement 
by a factor: Tel 


TA. Here again, 
the slew rate error 
is not affected 
by 


the acquisition 
time of the Sample 
and Hold since con- 


version 
will start after the S/H 
has settled. 
An impor- 


tant thing to notice 
is that the sample 
and hold effors 


will add to the total system 
error budget,· therefore, 
the 


inequality 
of the 
b. V/~ M 
expression 
should 
become 


more stringent. 


Example: 
Te = 40 P.s, TA = 0.5 p.s, n = 8: Te/T A = 80 


So the use of a S/H 
allows 
a speed 
improvement 
by 


nearly two orders 
of magnitude. 


The maximum 
throughput 
rate can be calculated 
by: 
T~RI 
1 
max 
8(TA + Taq + Tel 


Notice 
that 
TMUX does 
not affect 
the 
b.VINI b.t expression 


nor 
the 
throughput 
rate 
of 
the 
system 
since 
it may 
be 


switched 
and settled 
while 
the Sample 
and 
Hold 
is in the 


Hold mode. This is true, provided 
that: TMUX < TA + Te. 


C. SYSTEM 
EXAMPLE 
(Figure 7) 


The LF398 
S/H 
with a 1000 pF hold capacitor, 
has an ac- 


quisition 
time of 4 p.s to 0.1 % (114 LSB error for 8 bits) and 


an aperture 
time 
of less than 
200 p.s. On the other 
hand, 


after the hold command, 
the output 
will settle 
to ± 0.05 mV 


in 1 p.s. This, together 
with the acquisition 
time, introduces 


approximately 
a ± 114 LSB error. Allowing 
another 
114 LSB 


error for hold step and gain non-linearity, 
the maximum 
slew 


error (b.VINI b.t) should 
not exceed 
114 LSB or: 


b.VIN 
1 
1 
1 
-- 
S;; - x - 
x - 
:::::5mV/fLs 
b.t 
4 
256 
TA 


(which 
is the maximum 
slew rate of a 5 V peak sine wave. 


Also 
notice 
that, 
due to the 
above 
input 
slew 
restrictions, 


the analog delay caused 
by the finite BW of the S/H 
and the 


digital 
delay 
caused 
by the response 
time of the controller 


will be negligible. 
The maximum 
throughput 
rate of the sys- 


tem is: 


Th. R I 
= 
1 
6 - 
2800 samples/sec/ch. 


max 
8(5 + 40)10- 


If the system 
speed 
requirements 
are relaxed. 
but the AID 


converter 
is still too slow, then 
an inexpensive 
S/H 
can be 


built by using just a capacitor 
and a low cost 
FET input op 


amp as shown 
in Figure 
8. 
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EOC: End of Conversion 


SC: Stert Conversion 


FIGURE 7a. sequentially 
Multiplexed DAU with sample and Hold 
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FIGURE 7b. Timing Diagram 
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This is done in two different ways. First, we can use second 
level multiplexing with speed benefits, as shown in Figure 9. 
A fast 2-channel multiplexer, made by the dual analog 
switch AM182, accepts the outputs of each 8-channel MUX, 
lF13508, 
and then feeds them sequentially into an 8-bit 


successive approximation AID converter. With this tech- 
nique, the throughput rate of the system can again be made 
independent of the lF13508 speed. looking at the timing 
diagram, when the AID converter converts the analog value 
of an upper multiplexer channel, we switch channels in the 
lower multiplexer for the next conversion. This can be done 
provided that: 


T MUX S; T C + 1 CP 


The lF356 connected as unity gain buffers are used be- 
cause of the low input impedance of the AID; they are con- 
nected between mUltiplexersfor speed optimization. With a 
maximum clock frequency of 4.5 MHz: 


MUX~hil~ -;h~'~th~;'i'; ;~;;;~ii~~~'Withthi;-';;~ih~d.-';:;;n;8~ 
channel multiplexers can be connected, but the parasitic 
capacitance at the common output node will keep increas· 
ing and will eventually degrade the settling time, ts(ON). 
Also, the MUX speed will now affect the system throughput. 
If, for instance, this method was used instead of second 
level mUltiplexing,the system of Figure 9 will lose half of its 
speed. If, however, speed is not the prime system require- 
ment, the approach of Figure 
10 is more cost effective. 


E. DIFFERENTIAL 
INPUT SYSTEMS 


Systems operating in industrial environments may require 
an instrumentation amplifier to separate the desired analog 
signal 
from 
any 
common-mode 
signal 
present. 
The 
lF11509 was designed to provide 4 pairs of differential in- 
put signals to the input of an instrumentation amplifier for 
further process. 


106 
Th. R = 16 x 2 = 31.25k samples/ see/channel 


and 


b.VINI 
10 
1 
"At 
max< 256 x 2/Ls = 19.5 mV//Ls for 10VFS 


SAMPLE--, 
r 
HOLD--L-J 
EN 
AD 
At 
A2 


CHANNEL 
SELECT 


• The acquisition 
time, T:A. of the Sample and Hold depends upon: RON. loSS of switches, ZOUT of switches 


010S5001.5 mA, ZOUT~40 kn 


o V'N~ 10V, Ch~ 1000 pF, TA~20 
/'5 to 0.1 % 


• Error created by charge injection during Hold mode: AVE 
IOiIi 10 pF (14.5V - V1N)/Ch 
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tflNational 
Semiconductor 


Transport 
Media 


All NSC devices 
are prepared, 
inspected 
and packed 
to in- 


sure proper 
physical 
support 
and to protect 
during transport 


and shipment. 
All assembled 
devices 
are packed 
in one or 


more 
of the following 
container 
forms-immediate 
contain- 
ers, intermediate 
containers 
and outer/shipping 
containers. 
An example 
of each container 
form 
is illustrated 
below. 


IMMEDIATE 
CONTAINER 


Ie Device 
"1k;<~ 


Rail/Tube 


ICDeVice~ 


~ 


\ 
\ 
1~--~~- 
-~~- 
-~~-~ 
__ 
\ __ 
1 


\ 
Lobel 
Roil/Tube 


lies 
OT trays, 
rallSlluoes 
or tape 
ana reels. 
uuter I smpplng 
Levels of Product Packing 
containers 
are then filled or partially 
filled with intermediate 


containers 
to meet 
order 
quantity 
requirements 
and to fur- 
IMMEDIATE 
CONTAINER 


ther insure protection 
from transportation 
hazards. 
Addition- 
The first level of product 
packing 
is the immediate 
container. 
al dunnage 
filler 
material 
is required 
to fill voids 
within 
the 
The 
immediate 
container 
type 
varies 
with 
the 
product 
or 


intermediate 
and outer/shipping 
containers. 
package 
being packed. 
In addition, 
the materials 
used in the 


General Packing Requirements 
immediate 
container 
depend 
on the fragility, 
size and profile 
of the product. 
The four types of immediate 
containers 
used 


NSC packing 
methods 
and materials 
are designed 
based on 
by NSC are rails/tubes, 
trays, tape and reel, and corrugated 


the follOWing considerations: 
and chipboard 
containers. 


- 
Optimum 
protection 
to the products-it 
must provide 
ad- 
Rails/tubes 
are generally 
made of acrylic 
or polyvinyl 
chlo- 


equate 
protection 
from 
handling 
(electrostatic 
dis- 
ride (PVC) plastics. 
The electrical 
characteristics 
of the ma- 


charge) 
and transportation 
hazards; 
terial are altered 
by either 
intrinsically 
adding 
carbon 
fillers. 


and/or 
topically 
coating 
it with antistatic 
solution. 
Refer 
to 
Table 
I for rail/tube 
material 
and recyclabillty 
information. 


.. 
TABLE 
I. Plastic 
Rail/Tube 
and Stopper 
Requirements 


Rail 


Package 
Type 
Stopper 
Code/Symbol 
Recyclablllty 
Type 
Material 
Code/Symbol 
Material 
(Note 
1) 
(Note 
1) 


DIP's 


Plastic 
Polyvinyl chloride 
03/PVC 
Pin 
Polyamide 
07/PA 
Yes 


Ceramic 
Polyvinylchloride 
03/PVC 
Pin 
Polyamide 
07/PA 
Yes 


Sidebraze 
Polyvinylchloride 
03/PVC 
Pin 
Polyamide 
07/PA 
Yes 


PLCC 
Polyvinylchloride 
03/PVC 
Plug 
Rubber 
07/SBR 
Yes 


TapePak 
Polyvinylchloride 
03/PVC 
Plug 
Rubber 
07/SBR 
Yes 


Flatpack 
Polyvinyl chloride 
03/PVC 
Pin 
Polymide 
07/PA 
Yes 


Cerpack 
Polyvinylchloride 
03/PVC 
Pin 
Polymide 
07/PA 
Yes 


TO-220/202 
Polyvinylchloride 
03/PVC 
Pin 
Polymide 
07/PA 
Yes 


TO-S/8 
Polyvinylchloride 
03/PVC 
Pin 
Polymide 
07/PA 
Yes 


(in Carrier) 


SOP 
Polyvinylchloride 
03/PVC 
Plug 
Rubber 
07/SBR 
Yes 


LCC 
Polyvinylchloride 
03/PVC 
Plug 
Rubber 
07/SBR 
Yes 


18L-44L 


Note 1: ISO 1043-1 InternationalStandards--PlasticSymbols. 
SAEJ1344 Markingof PlaslicParts. 
ASTM 0 1972-91 
Standard Practice for Generic Marking of Plastic Products. 
DIN 6120, German Recycling Systems, RESY for paperbased and VGK for plastic packing materials. 


Molded 
injection 
and 
vacuum 
formed 
trays 
can 
be either 
depending 
on the material 
type. 
Vacuum 
formed 
trays 
are 
conductive 
or static 
dissipative. 
Molded 
injection 
trays 
are 
only used in ambient 
room temperature 
conditions. 
Refer to 
classified 
as 
either 
low-temperature 
or 
high·temperature 
Table 
II for tray material 
and recyciability 
information. 


TABLE 
II. Tray Requirements 


Package 


Tray 


Type 
Class 
Material 
Recyclablllty 
Code/Symbol 
Binding Type 


(Note 
1) 
(Note 
1) 


PQFP(AII) 
High Temperature 
Polyethersulfone 
Yes 
07lPES 
Wire Tie or 


Nylon Strap 


Low Temperature 
Acrylonitrilebutadiene 
Yes 
07/ABS 
Wire Tie or 


Styrene 
Nylon Strap 


PGA, LOCC 
Low Temperature 
ABS/PVC 
Yes 
07/ABS·PVC 
Wire Tie 
CERQUADs 
Only 


and LCC 
(48 leads-125 
leads) 


PPGA 
Low Temperature 
Polyarylsulfone 
Yes 
07/PAS 
Wire Tie 


Only 


Tape 
and 
reel is a multi-part 
immediate 
container 
system. 
is made of polyester 
(PET) and polyethylene 
(PE) materials. 


The reel is made of either 
polystyrene 
(PS) material 
coated 
Refer to Table 
III for tape and reel material 
and recyclability 
with antistatic 
solution 
or chipboard. 
The embossed 
or cavi· 
Information. 
ty tape is made of either PVC or PS material. 
The cover tape 


,- 
TABLE 
III. Tape and Reel Requirements 


. 
Reel 
Cover 
Type 
Carrier 
Tape 


Package 
Code/ 
Code/ 
Code/ 
Recyclablllty 


Type 
Material 
Symbol 
Material 
Symbol 
Material 
Symbol 
(Note 
1) 


(Note 
1) 
(Note 
1) 
(Note 
1) 


TO·92 
Chipboard 
Resy 
N/A 
Paper Tape 
Yes 


SOP·23 
Polystyrene 
OS/PS 
Polystyrene 
OS/PS 
PVC 
03/PVC 
Yes 


Chipboard 
Resy 


SOP,SSOP 
Polystyrene 
OS/PS 
Polyester 
07/PET·PE 
PVC 
03/PVC 
Yes 
and PLCC 
Polyethylene 


Note 1: 1501043-1 
International 
Standards-Plastic 
Symbols. 
SAE J1344 
Marking of Plastic Parts. 
ASTM 0 1972-91 
Standard Practice for Generic Marking of Plastic Products. 
, 


DIN 6120, German Recycling 
Systams, RESY for paperbasad 
and VGK for plastic packing materials. 


Corrugated 
containers 
are generally 
constructed 
with fibre- 


board 
facings 
and a- fluted 
corrugated 
medium 
in between 


the facings. 
Chipboard 
containers 
are comprised 
of just one 


fibreboard 
facing. 
Facings 
and corrugated 
medium 
are kraft 


(brown) 
fibreboard, 
and 
generally 
single 
wall 
construction. 


Refer to Table 
IV for material 
and recyclability 
information. 


Pack Method 
Container 
Type 


Package 
Code/ 
Immediate 
(IMM) 
Recyclablllty 
Type 
Material 
Symbol 
Intermediate 
(I NT) 


(Note 
1) 
Outer 
or Shipping 
(SHP) 


TO-92/18, 
Corrugated 
Resy 
IMM 
Yes 
TO-46/S, 
(E070BOX) 


TO-39,220, 
'"' 


TO-202/126, 
- 


TO·237 


All Products 
Corrguated 
Resy 
INTandSHIP 
Yes 


All Products 
3-Ply Paper 
Resy 
Dunnage 
Yes 


(Padpak) 
-- 


Ail Products 
Plastic 
04/PE 
Dunnage 
Yes 
PLCC 
Bubble Sheet 


Note 
1: ISO 1043-1 InternationalStandards-Plastic 
SY'l'bols. 
SAE J 1344 Marking of Plastic Parts. 
ASTM 01972-91 
Standard 
Practice for Generic Marking of Plastic Products. 
DIN 6120. German Recycling 
Systems. RESY for paperbased 
and VGK for plastic packing materials. 


INTERMEDIATE 
CONTAINERS 


The 
second 
level 
of 
product 
packing 
is the 
intermediate 


container. 
Three 
types 
on intermediate 
containers 
are used 


by NSC. They 
are plastic 
bags, 
moisture 
barrier 
bags and 


corrugated 
cartons/boxes. 


Two types 
of plastic 
bags,are 
used and usage of each type 


depends 
on the product 
or package 
being packed. 
Conduc- 


tive bags are made of polyvinylchloride 
plastic 
material. 
The 


electrical 
characteristics 
of the 
bag are altered 
by adding 


carbon 
fillers 
which 
make the bag black 
(opaque) 
in color. 


Conductive 
bags are used on products 
or packages 
that are 


packed 
in static dissipative 
(SO) railsltubes. 
Static 
shielding 


bags are made of two layers of SO polyethylene 
sheets 
with 


a metallized 
film separating 
the sheets. 
Refer to Table V for 


material 
and recyclability 
information. 


Moisture 
barrier 
bags are used on rail/tUbe, 
tape 
and reel, 


and tray packs 
for moisture 
sensitive 
products. 
NSC 
uses 


National 
Metallizing's 
Stratoguard™ 
4.6. 


"'1I~IUI"a' 
"""'llw;I"''''' 
..._u...._. 
_._- 


Type 
Type 
Type 
Symbol 
Recyclablllty 


(Note 
1) 


All Prod. in 
Conductive Polyethlene 
04/PE 
Yes 
Rails 
Bag 


TO-92/81, 
Static 
Polyethlene 
N/A 
No 
TO-46/5, 
Shielding 
Alum. Laminant 
TO-39/220, 
Bag 
TO-202/126, 
TO-3/237 


Mat'l 


Package 
Container 
Material 
and 
Mat'l 


Type 
Type 
Type 
Symbol 
Recyclablllty 


(Note 
1) 


TapePak 
Drypack 
Stratoguard™ 4.6 
N/A 
No 
PLCC 
Bag 
(52-84L) 
POFP 


Note 1: ISO 1043-1InternationalStandards-Plastic Symbols. 


SAEJ 1344Markingof PlasticParts. 
ASTM01972-91 StandardPracticefor GenericMarkingof Plastic 
Products. 
DIN 6120,GermanRecyclin9Systems,RESVfor paperbasedand 
VGK for plastic packing 
materials 


tain. For example, 
packing 
of a rail/tube 
will require 
the use 
of a carton 
with a roll end from 
lock 
(REFL) 
design. 
Other 
products 
generally 
use the regular 
slotted 
container 
(RSC) 


box. Refer to Table 
IV for material 
and recyclabil.ity 
informa- 
tion. 


OUTER/SHIPPING 
CONTAINERS 


The third level of product 
packing 
is the outer/shipping 
con- 
tainer. 
The outer/shipping 
containers 
use by NSC are simi- 
lar to the corrugated 
containers 
used for immediate 
and in- 


termediate 
packaging, 
but are heavier 
in facing 
thickness. 


The 
style 
generally 
used 
is the 
regular 
slotted 
container 
(RSC) box and can be single, double 
or triple wall, depend- 


ing on the 
total 
weight 
of products 
being 
transported 
or 


shipped. 
Refer to Table 
IV for material 
and recyclability 
in- 
formation. 


OTHER 
PACKING 
MATERIALS 


Additional 
dunnage 
and void filler 
materials 
are required 
to 
fill voids within the intermediate 
and outer/shipping 
contain- 
ers. Two types 
of dunnage/filler 
material 
are Pad pack and 
bubble 
pack. 
Padpak 
is a machine 
processed, 
3-ply 
kraft 


paper sheet dunnage 
system. 
Refer to Table IV for material 
and recyclabil.ity 
information. 


Bubble 
pack is made of polyethylene 
plastic 
sheets 
with air 


pockets 
trapped 
in between 
the 
plastic 
layers 
and can 
be 
either 
static 
dissipative 
or conductive. 
Refer to Table 
IV for 


material 
and recyclability 
information. 


Immediate 
Container 
Pack Methods 


The following 
table 
identifies 
the primary 
immediate 
container 
pack 
method 
for all hermetic 
and plastic 
packages 
offered 
by 


National 
Semiconductor. 
A secondary 
immediate 
container 
pack method 
is identified 
where 
applicable. 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Ceramic 
Sidebrazed 
D08C 
Rail/Tube 
35 
Dual-In-Line 
D14D 
Rail/Tube 
25 
Package 
(SB) 
D16C 
Rail/Tube 
20 


D18A 
Rail/Tube 
20 


D20A 
Rail/Tube 
18 


D20B 
Rail/Tube 
18 


D24C 
Rail/Tube 
15 


D24H 
Rail/Tube 
15 


D24K 
Rail/Tube 
15 


D28D 
Rail/Tube 
13 


D28G 
Rail/Tube 
13 


D28H 
Rail/Tube 
13 


D40C 
Rail/Tube 
9 
., 


D40J 
Rail/Tube 
9 


D48A 
Rail/Tube 
7 


D52A 
Rail/Tube 
7 


Ceramic 
Leadless 
E20A 
Rail/Tube 
50 
Chip Carrier (LCG) 
EA20B 
Rail/Tube 
50 


E24B 
Tray 
25 


E28A 
Tray 
28 


EA028C 
Tray 
100 


E32A 
Rail/Tube 
35 


E32B 
Rail/Tube 
35 


E32C 
Rail/Tube 
35 


E40A 
Rail/Tube 
35 


E44A 
Rail/Tube 
25 


E48A 
Tray 
25 


E68B 
Tray 
48 


E68C 
Tray 
48 


E84A 
Tray 
42 


E84B 
Tray 
42 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Ceramic 
Quad 
EL28A 
Tray 
96 
J-Bend 
(CQJB) 
EL44A 
Tray 
80 


EL44B 
Tray 
80 


EL44C 
Tray 
80 


EL52A 
Tray 
50 


EL68A 
Tray 
44 


EL68B 
Tray 
44 


EL68C 
Tray 
44 


EL84A 
Tray 
42 


Ceramic 
Quad 
EL28B 
Rail 
15 
Flatpack 
EL64A 
Box 
36 
(CQFP) 


EL100A 
Tray 
12 


EL 116A 
Tray 
12 


EL132B 
Tray 
20 


EL132C 
Tray 
20 


EL132D 
Tray 
20 


EL164A 
Tray 
12 


EL172B 
Tray 
12 


EL172C 
Tray 
12 


Ceramic 
F10B 
Carrier fRail 
19 
Carrier f Box 
200 
Flatpack 
F14C 
Carrier fRail 
19 
Carrier f Box 
200 


F16B 
Carrier fRail 
19 
Carrier f Box 
200 


Iype 
MarKeting 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Ceramic 
Dual-In- 
J08A 
Rail/Tube 
40 
Line Package 
J14A 
Rail/Tube 
25 
(Cerdip) 


J16A 
Rail/Tube 
25 


J18A 
Rail/Tube 
20 


J20A 
Rail/Tube 
20 


J22A 
Rail/Tube 
17 


J24A 
Rail/Tube 
15 


J24AQ 
Rail/Tube 
15 
. 


J24B-Q 
Rail/Tube 
15 


J24CQ 
Rail/Tube 
15 


J24E 
Rail/Tube 
16 


J24F 
Rail/Tube 
15 


J28A 
Rail/Tube 
12 


J28AQ 
Rail/Tube 
12 


J28B 
Rail/Tube 
12 


J28BQ 
Rail/Tube 
12 


J28CQ 
Rail/Tube 
13 


J32B 
Rail/Tube 
11 


J32AQ 
Rail/Tube 
11 


J40A 
Rail/Tube 
9 


J40AQ 
Rail/Tube 
9 


J40BQ 
Rail/Tube 
9 


Ceramic 
Small 
MC16A 
Rail/Tube 
45 
Outline 
Package, 
MC20A 
Rail/Tube 
36 
Wide 
MC20B 
Rail/Tube 
36 


MC24A 
Rail/Tube 
30 


MC28A 
Rail/Tube 
26 


MC28B 
Rail/Tube 
26 


Package 
Package 
Primary 
Secondary 


immediate 
immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Ceramic 
Pin Grid 
U44A 
Tray 
80 
Array (CPGA) 
U68B 
Tray 
42 


U68C 
Tray 
42 


U68D 
Tray 
42 


U68E 
Tray 
42 
. 


U75A 
Tray 
35 


U84A 
Tray 
42 
- 


U84B 
Tray 
42 


U84C 
Tray 
42 


U99A 
Tray 
25 


U100A 
Tray 
30 


U109A 
Tray 
25 


U120A 
Tray 
30 


U120C 
Tray 
30 


, 
" 


U124A 
Tray 
30 
I 


U132A 
Tray 
30 


U132B 
Tray 
30 


U144A 
Tray 
20 
I 


U156A 
Tray 
20 
i 


U156B 
Tray 
20 
~ 


U169A 
Tray 
20 


U173A 
Tray 
20 


U175A 
Tray 
20 


U180A 
Tray 
20 


U223A 
Tray 
20 


U224A 
Tray 
20 


U257A 
Tray 
12 


U259A 
Tray 
12 


U299A 
Tray 
12 


U301A 
Tray 
12 


U303A 
Tray 
12 


U323A 
Tray 
12 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Cerpack 
W10A 
Carrier/Rail 
19 
Carrier/Box 
200 


W14B 
Carrier/Rail 
19 
Carrier/Box 
200 


W14C 
Carrier/Rail 
19 
Carrier/Box 
200 


W16A 
Carrier/Rail 
19 
Carrier/Box 
200 


W20A 
Carrier/Rail 
19 
Carrier/Box 
200 


W24C 
Carrier/Rail 
15 
Carrier/Box 
80 


W28A 
Carrier/Rail 
15 
Carrier/Box 
80 


WA28D 
Carrier/Rail 
15 
Carrier/Box 
80 


Cerquad 
W24B 
Rail/Tube 
15 


W56B 
Tray 
20 


W64A 
Tray 
20 


W68A 
Tray 
12 


W84A 
Tray 
12 


Cerquad, 
EIAJ 
WA80A 
Tray 
84 


WA80AQ 
Tray 
84 


W120A 
Tray 
12 


W144A 
Tray 
12 


W144B 
Tray 
12 


W160A 
Tray 
12 


W208A 
Tray 
12 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


TO-5 
H06C 
Tray 
100 
Carrier/Rail 
18 


H08A 
Tray 
100 
Carrier/Rail 
18 


H08C 
Tray 
100 
Carrier/Rail 
18 


H10C 
Tray 
100 
Cerrier/Rail 
18 


TO-18 
H03C 
Box 
1800 
Tray 
100 


TO-39 
H03A 
Tray 
100 
Carrier/Rail 
18 


H03B 
Tray 
100 
Carrier/Rail 
18 


HA04E 
Tray 
100 
Carrier/Rail 
18 


TO-46 
H02A 
Box 
1800 
Tray 
100 


H03H 
Box 
1800 
Tray 
100 


H04A 
Box 
1800 
Tray 
100 


H04D 
Box 
1800 
Tray 
100 


TO-52 
H03J 
Box 
1800 
Tray 
100 


TO-72 
H04C 
Box 
1800 
Tray 
100 


Package 
Package 
Primary 
Secondary 


immediate 
immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Small 
M03A 
Tape and Reel 
3000/ 
Bulk/Bag 
500 
Outline 
10000 
Transistor 
3000/ 
Bulk/Bag 
500 
(SOT-23) 
M03B 
Tape and Reel 


10000 


Small 
M08A 
Rail/Tube 
95 
Tape and Reel 
2500 
Outline 
M14A 
Rail/Tube 
55 
Tape and Reel 
2500 
Package, 
JEDEC 
M14B 
Rail/Tube 
50 
Tape and Reel 
1000 
(SOP) 
M16A 
Rail/Tube 
48 
Tape and Reel 
2500 


M16B 
Rail/Tube 
45 
Tape and Reel 
1000 


M20B 
Rail/Tube 
36 
Tape and Reel 
1000 


M24B 
Rail/Tube 
30 
Tape and Reel 
1000 


M28B 
Rail/Tube 
26 
Tape and Reel 
1000 


Small 
M14D 
Rail/Tube 
47 
Tape and Reel 
1000 
Outline 
M16D 
Rail/Tube 
47 
Tape and Reel 
1000 
Package, 
EIAJ 
M20D 
Rail/Tube 
37 
. Tape and Reel 
1000 
(SOP) 


Shrink 
MQA20 
Rail/Tube 
54 
Tape and Reel 
2500 
Small 
MQA24 
Rail/Tube 
54 
Tape and Reel 
2500 
Outline 
Package, 
MS48A 
Rail/Tube 
29 
Tape and Reel 
1000 
JEDEC 
MS56A 
Rail/Tube 
25 
Tape and Reel 
1000 
(SSOP) 


Shrink 
MSA20 
Rail/Tube 
65 
Tape and Reel 
1000 
Small 
MSA24 
Rail/Tube 
58 
Tape and Reel 
1000 
Outline 
Package, 
MS40A 
Rail/Tube 
34 
Tape and Reel 
1000 
EIAJ 
(SSOP) 


Very 
M40A 
Rail/Tube 
34 
Tape and Reel 
1000 
Small 
Outline 
Package 
(VSOP) 


Thin 
MBH32A 
Tray 
156 
Small 
Outline 
Package, 
EIAJ 
(TSOP) 


Thin 
MTA20 
Tape and Reel 
2500 
Shrink 
Small 
Outline 
Package, 
EIAJ 
(TSSOP) 


package 
I'BcKBge 
Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Molded 
N08E 
Rail/Tube 
40 
Dual-in-Line 
N14A 
Rail/Tube 
25 
Package 
(MDIP) 
N16A 
Rail/Tube 
20 


N16E 
Rail/Tube 
25 


N16G 
Rail/Tube 
20 


N18A 
Rail/Tube 
20 


N20A 
Rail/Tube 
18 


N22A 
Rail/Tube 
15 


N22B 
Rail/Tube 
15 


N24A 
Rail/Tube 
15 


N24C 
Rail/Tube 
15 


N24D 
Rail/Tube 
15 


N24E 
Rail/Tube 
15 


N28B 
Rail/Tube 
13 


N40A 
Rail/Tube 
9 


N48A 
Rail/Tube 
7 


TO-202 
P03A 
Rail/Tube 
45 
Box 
300 


P03B 
Rail/Tube 
45 
Box 
300 


P03C 
Rail/Tube 
45 
Box 
300 


P03D 
Rail/Tube 
45 
Box 
300 


P03E 
Rail/Tube 
45 
Box 
300 


P03F 
Rail/Tube 
45 
Box 
300 


P03G 
Rail/Tube 
45 
Box 
300 


P03H 
Rail/Tube 
45 
Box 
300 


P03J 
Rail/Tube 
45 
Box 
300 


P04A 
Rail/Tube 
45 
Box 
300 


P11A 
Rail/Tube 
15 


TO-237 
R03A 
Box 
1500 
Tape and Reel 
2000 


R03B 
Box 
1500 
Tape and Reel 
2000 


R03C 
Box 
1500 
Tape and Reel 
2000 


R03D 
Box 
1500 
Tape and Reel 
2000 


TO-226 
RC03A 
Box 
1500 
Tape and Reel 
2000 


RC03B 
Box 
1500 
Tape and Reel 
2000 


RC03C 
Box 
1500 
Tape and Reel 
2000 


RC03D 
Box 
1500 
Tape and Reel 
2000 
• 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


TO·220 
TA02A 
Rail/Tube 
45 
Box 
300 


T020 
Rail/Tube 
45 
Box 
300 


TA03A 
Rail/Tube 
45 
Box 
300 


TA03B 
Rail/Tube 
45 
Box 
300 


TA030 
Rail/Tube 
45 
Box 
300 


T03A 
Rail/Tube 
45 
Box 
300 


T03B 
Rail/Tube 
45 
Box 
300 


T030 
Rail/Tube 
45 
Box 
300 


T03F 
Rail/Tube 
45 
Box 
300 


T05A 
Rail/Tube 
45 
Box 
300 


T05B 
Rail/Tube 
45 
Box 
300 


T05C 
Rail/Tube 
45 
Box 
300 


T050 
Rail/Tube 
45 
Box 
300 


T05E 
Rail/Tube 
45 
Box 
300 


T05F 
Rail/Tube 
45 
Box 
300 


TA05A 
Rail/Tube 
45 
Box 
300 


TA05B 
Rail/Tube 
45 
Box 
300 


TA11A 
Rail/Tube 
20 
Box 
300 


TA11B 
Rail/Tube 
20 
Box 
300 


TA11C 
Rail/Tube 
20 
Box 
300 


TA11D 
Rail/Tube 
20 
Box 
300 


TA11E 
Rail/Tube 
20 
Box 
300 


TA12A 
Rail/Tube 
20 
Box 
300 


TA15A 
Rail/Tube 
20 
Box 
300 


TA23A 
Rail/Tube 
15 
Box 
300 


TapePak@ 
TP40A 
Coinstack 
100 
Flat Rail 
25 


Tube 


Plastic 
Pin 
UP124A 
Tray 
30 
I 


Grid Array 
UP159A 
Tray 
20 
(PPGA) 


UP175A 
Tray 
20 


Plastic 
V20A 
Rail/Tube 
40 
Tape and Reel 
1000 
Leaded 
Chip 
V28A 
Rail/Tube 
35 
Tape and Reel 
750 
Carrier 
(PLCC) 
V32A 
Rail/Tube 
30 


V44A 
Rail/Tube 
25 
Tape and Reel 
500 


V52A 
Rail/Tube 
22 
Tape and Reel 
500 


V68A 
Rail/Tube 
18 
Tape and Reel 
250 


V84A 
Rail/Tube 
15 
Tape and Reel 
250 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Plastic Quad 
VEF44A 
Tray 
96 
Flatpack 
VBG48A 
Tray 
60 
(PQFP) 
VHG80A 
Tray 
60 


I 
VJE80A 
Tray 
84 


VCC80A 
Tray 
50/66 


VCE100A 
Tray 
84 


VLJ100A 
Tray 
50 


VJG100A 
Tray 
60 


VNG144A 
Tray 
60 


VUL160A 
Tray 
24 


VQL160A 
Tray 
24 


VUW208A 
Tray 
24 


VF132A 
Tray 
36 


VF196A 
Tray 
21 


TO-92 
Z03A 
Box 
1800 
Tape and Reel 
2000 


Z03B 
Box 
1800 
Tape and Reel 
2000 


Z03C 
Box 
1800 
Tape and Reel 
2000 


Z03D 
Box 
1800 
Tape and Reel 
2000 


Z03E 
Box 
1800 
Tape and Reel 
2000 


F- 
Z03G 
Box 
1800 
Tape and Reel 
2000 


Z03H 
Box 
1800 
Tape and Reel 
2000 


Z03J 
Box 
1800 
Tape and Reel 
2000 


Labeling 
National Semiconductor offers 3 standard bar code labels; 
reel and intermediate container labels for Tape and Reel; 
intermediate container label other than for Tape and Reel; 


and outer/shipping container labels. The tape and reel, and 
intermediate container labels are National's own format 
while the outer/shipping container label is based on the 
EIA-556-A label standard. 


CP) 
CPN: CPN 123456789012 
>t:rz 
CCI"PA'N 


IIIII1I1II ~111111111111111~111~11111111~1I11111111111111 


CO) 
OTY: 1000 


111111111111111111 


PO It: PO 123456789012 
CD) 
D/C: P9236 
NSID: 
Dtf74FLS253-1'1 


IIIIIIIIIIIIIIIII~IIIIIIIIIII 
~C: 
~Ci~~5678912 


This label is placed on the reel (immediate container) as 
well as on the intermediate box. 
• 


xyz 
COI"PfI-.IY 


( P) CPH CPH 1234567890 


IIIIIIIIIIIIIIIIIIIIIIIIIIIIII~ 
111111111111111111111111111111111111111111111 


( lJ) lJTV 1000 
( D) D•C. P9236 


11111111111111111111111111111111 
11111111111111 


(A) 
P.O. PO 123456789012 


111111111111111111I1I11I11I111I1111111I11I11I1I1I11I~ 
11111111111111111111 
~I 


NSID 
: Dtf74R....S253-11 
P.L.: 
PL1234 


FIN 
OPT : SPECl234 
REQA: 
RVl234 


LOT 
: LOT 123456789 
'BOX 
01 
OF 03 


!'FlTIO""-. 
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Abstract 
In facing the challenges of "Surface Mount Technology", 
many manufacturers of printed circuit boards have taken 
steps to convert some portions of their boards to this pro- 
cess. However, as the availability of all products as surface 
mount components is still limited. many have had to mix 
lead-inserted 
components 
with 
surface 
mount devices 


(SMD's). Furthermore. to take advantage of using both 
sides of the board. some surface mounted components are 
adhered to the bottom side of the board while the top side is 
reserved for the conventional lead-insert packages and fine 
pitch surface mount packages. 
There are three surface mount processes in hi-volume use 
today: 
1. WAVE 
SOLDER; 
the surface mounted components are 


adhered to the bottom side of the board while the top 
side is reserved for the lead-inserted packages. The sur- 
face mount components are subjected to severe thermal 
stress when they are immersed into the molten solder. 


2. INFRA-RED 
mass reflow; the surface mount compo- 
nents are placed on the solder paste which has been 
applied to the board. the solder joints are formed when 
the board is passed thru the reflow media. The surface 
mount devices are subjected to a controlled thermal en- 
vironment. 


3. VAPOR 
PHASE mass reflow; the surface mount compo- 


nents are placed on the solder paste which has been 
applied to the board. tbe solder joints are formed when 
the board is passed thru the reflow media. The surface 
mount devices are subjected to a controlled thermal en- 
vironment, more severe than Infra-red but much less 
than wavesolder. 
A discussion of the effect of these processes on the reliabil- 
ity of plastic semiconductor packages follows. 


Role of Wave Soldering in 
Application 
of SMDs 


The generally acceptable methods of soldering SMDs are 
vapor phase reflow soldering and IR reflow soldering, both 
requiring application of solder paste on PW boards prior to 
placement of the components. However, sentiment still ex- 
ists for retaining the use of the old wave soldering machine. 
The reasons being: 
Most PC Board Assembly houses already possess wave 
soldering equipment. Switching to another technology such 
as vapor phase soldering requires substantial investment in 
equipment and people. 


Due to the limited number of devices that are surface mount 
components, it is necessary to mix both lead inserted com- 
ponents and surface 'mount components on the same 
board. 
Some components such as relays and switches are made of 
materials which would not be able to survive the tempera- 
ture exposure in a vapor phase or IR furnace. 


PW Board Assembly Procedures 
There are two considerations in which through-hole ICs may 
be combined with surface mount components on the PW 
Board: 
a) Whether to mount ICs on one or both sides of the board. 
b) The sequence of soldering using Vapor Phase, IR or 


Wave Soldering singly or a combination of two or more 
methods. 


The various processes that may be employed are: 


A) WAVE SOLDER 
BEFORE 
VAPOR/IR 
REFLOW 
SOLDER 
1. Components 011 the same side of PW Board. Lead insert 


standard DIPS onto PW Board Wave solder (convention- 
al). Wash and lead trim. Dispense solder paste on SEM 
pads. Pick and place SMDs onto PW Board. Bake Vapor 
phase/IR reflow. Clean. 


2. Components on opposite side of PW Board. Lead insert 


standard DIPs onto PW Board Wave Solder (convention- 
al). Clean and lead trim. Invert PW Board. Dispense drop 
of adhesive on SMD sites (optional for smaller compo- 
nents). Pick and place SMDs onto board. Bake/Cure. 
Invert board to rest on raised fixture. Vapor/IR reflow 
soldering. Clean. 
" 


B) VAPOR/IR 
REFLOW 
SOLDER 
THEN WAVE SOLDER 


1. Components on the same side of PW Board. Solder 


paste screened on SMD side of Printed Wire Board. Pick 
and place SMDs. Bake Vapor/fR reflow. Lead insert on 
same side as SMD's. Wave solder. Clean and trim under- 
side of PCB. 
' 


C) VAPOR/IR 
REFLOW 
ONLY 


1. Components on the.same side of PW Board Trim and 


'form standard DIPs in "gull wing" configuration. Solder 
paste screened on PW Board. Pick and place SMDs and 
DIPs. Bake Vapor/IR reflow. Clean. 


2. Components on opposite sides of PW Board. Solder 


paste screened on SMD-side of Printed Wire Board.,Ad- 
hesive dispensed at central location of each component. 
Pick and place SMDs. Bake. Solder paste screened on 
all pads on DIP-side or alternatively apply solder rings 
(performs) on leads. Lead insert DIPs. Vapor/IR reflow, 
Clean and lead trim. 


PW Board Assembly Procedures 
(Continued) 


D) WAVE SOLDERING ONLY 


1. Components on opposite sides of PW board. Adhesive 
dispense on SMD side of PW Board. Pick and place 
SMDs. Cure adhesive. Lead insert top side with DIPs. 
Wave solder with SMDs down and into solder bath. 
Clean and lead trim. 
All of the above assembly procedures can be divided into 
three categories for IC. Reliability considerations: 
1) Components are subjected to both a vapor phase/IR 
heat cycle then followed by a wave-solder heat cycle or 
vice versa. 
2) Components are subjected to only a vapor phase/IR 
heat cycle. 


3) Components are subjected to wave-soldering only and 
SMDs are subjected to heat by immersion into a solder 
pot. 


Of these three categories, the last is the most severe re- 
garding heat treatment to a semiconductor device. Howev- 
er, note that semiconductor molded packages generally 
possess a coating of solder on their leads as a final finish 
for solderability and protection of base leadframe material. 
Most semiconductor manufacturers solder-plate the compo- 
nent leads, while others perform hot solder dip. In the latter 
case the packages may be subjected to total immersion into 
a hot solder bath under controlled conditions (manual oper- 
ation) or be partially immersed while in a "pallet" 
where 
automatic wave or DIP soldering processes are used. It is, 
therefore, possible td subject SMDs to solder heat under 
certain conditions and not cause catastrophic failures. 


Thermal Characteristics 
of Molded 
Integrated 
Circuits 
Since Plastic DIPs and SMDs are encapsulated with a ther- 
moset epoxy, the thermal characteristics of the material 
generally correspond to a TMA (Thermo-Mechanical Analy- 
sis) graph. The critical parameters are (a) its Linear thermal 
expansion characteristics and (b) its glass transition temper- 
ature after the epoxy has been fully cured. A typical TMA 
graph is illustrated in Figure 
1.Note that the epoxy changes 


to a higher thermal expansion once it is subjected to tem- 
peratures exceeding its glass transition temperature. Metals 
(as used on leadframes, for example) do not have this char- 
acteristic and generally will have a consistent Linear thermal 
expansion over the same temperature range. 


In any good reliable plastic package, the choice of lead- 
frame material should be such to match its thermal expan- 
sion properties to that of the encapsulating epoxy. In the 
event that there is a mismatch between the two, stresses 
can build up at the interface of the epoxy and metal. There 
now exists a tendency for the epoxy to separate from the 
metal leadframe in a manner similar to that observed on 
bimetallic thermal range. 
In most cases when the packages are kept at temperatures 
below their glass transition, there is a small possibility of 
separation at the epoxy-metal interface. However, If the 
package is subjected to temperature above its glass-tran- 
sition temperature, the epoxy will expand much faster than 
the metal and the probability of separation is greatly in- 
creased. 
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FIGURE 1. Thermal Expansion and Glass 


Conventional 
Wave Soldering 
Most wave soldering operations occur at temperatures be- 
tween 240·C-260"C. Conventional epoxies for encapsula- 
tion have glass-transition temperatures between 140"C- 
170·C. An I.C. directly exposed to these temperatures risks 
its long term functionality due to epoxy/metal separation. 


Fortunately, there are factors that can reduce that element 
of risk: 
1. The PW board has a certain amount of heat-sink effort 


and tends to shield the components from the tempera- 
ture of the solder (if they were placed on the top side of 
the board). In actual measurements, DIPs achieve a tem- 
perature between 120"C-150"C in a 5-second pass over 
the solder. This accounts for the fact that DIPs mounted 
in the conventional manner are reliable. 


2) In conventional soldering, only the tip of each lead in DIP 
would experience the solder temperature because the 
epoxy and die are standing above the PW board and out 
of the solder bath. 


Effect on Package Performance 
by 
Epoxy-Metal 
Separation 
In wave soldering, it is necessary to use fluxes to assist the 
solderability of the components and PW boards. Some facil- 
ities may even process the boards and components through 
some form of acid cleaning prior to the soldering tempera- 
ture. If separation occurs, the flux residues and acid resi- 
dues (which may be present owing to inadequate cleaning) 
will be forced into the package mainly by capillary action as 
the residues move away from the solder heat source. Once 
the package is cooled, these contaminants are now trapped 
within the package and are available to diffuse with moisture 
from the epoxy over time. It should be noted that electrical 
tests performed immediately after soldering generally will 
give no indication of this potential problem. In any case, the 
end result will be corrosion of the chip metalization over 
time and premature failure of the device in the field. 


Vapor Phase/lR 
Reflow Soldering 


In both vapor phase and IR reflow soldering, the risk of 
separation between epoxy/metal can also be high. Maxi- 
mum operating temperatures are 219·C (vapor phase) or 
24O"C (IR) and duration may also be longer (30 sec-60 
see). On the same theoretical basis, there should also be 
separation. However, in both these methods, solder paste is 
applied to the pads of the boards; no fluxes are used. Also, 
the devices are not immersed into the hot solder. This re- 
duces the possibility of solder forcing itself into the epoxy- 
leadframe interface. Furthermore, in the vapor phase sys- 
tem, the soldering environment is "oxygen-free" and con- 
sidered "contaminant free". Being so, it could be visualized 
that as far as reliability with respect to corrosion, both of 
these methods are advantageous over wave soldering, 


Bias Moisture Test 
A bias moisture test was designed to determine the effect 
on package performance. In this test, the packages are 
pressured in a steam chamber to accelerate penetration of 
moisture into the package. An electrical bias is applied on 
the device. Should there be any contaminants trapped with- 
in the package, the moisture will quickly form an electroly1e 
and cause the electrodes (which are the lead fingers), the 
gold wire and the aluminum bond-pads of the silicon device 
to corrode. The aluminum bond-pads, being the weakest 
link of the system, will generally be the first to faiL 
This proprietary accelerated bias/moisture pressure-test is 
significant in relation to the life test condition at 8S·C and 
8S% relative humidity. One cycle of approximately 100 
hours has been shown to be equivalent to 2,000 hours in 
the 8S/8S condition. Should the packages start to fail within 
the first cycle in the test, it is anticipated that the boards with 
these components in the harsh operating environment 
(8S·C/8S% RH) will experience corrosion and eventual 
electrical failures within its first 2,000 hours of operation. 


Whether this is significant to a circuit board manufacturer 
will obviously be dependent on the products being manufac- 
tured and the workmanship or reliability standards. General- 
ly in systems with a long warranty and containing many 
components, it is advisable both on a reputation and cost 
basis to have the most reliable parts available. 


The comparison of vapor phase and wave-soldering upon 
the reliability of molded Small-Outline packages was per- 
formed using the bias moisture test (see Table IV). It is 
clearly seen that vapor phase reflow soldering gave more 
consistent results. Wave soldering results were based on 
manual operation giving variations in soldering parameters 
such as temperature and duration. 


1. Vapor phase (60 sec. exposure @217"C) 
= 9 failures/1723 samples 


= O.S%(average over 32 sample lots) 
2. Wave solder (2 sec total immersion @260·C) 
= 16 failures/1201 samples 


= 1.3% (average over 27 sample lots) 
Package: SO-14 lead 
Test: 
Bias moisture test 8S% R.H. 


8S·C for 2,000 hours 


Device: 
LM324M 


In Table V we examine the tolerance of the Small-Outlined 
(SOIC) package to varying immersion time in a hot solder 
pot. SO-14 lead molded packages were subjected to the 
bias moisture test after being treated to the various solder- 
ing conditions and repeated four (4) times. End point was an 
electrical test after an equivalent of 4,000 hours 8S/8S test. 
Results were 
compared 
for 
packages 
by themselves 
against packages which were surface-mounted onto a FR-4 
printed wire board. 


TABLE V. Summary of Wave Solder Results 


Unmounted 
Mounted 


ControllVapor Phase 
0/114 
0/84 
1Ssec@21S·C 


Solder Dip 
2/144(1.4%) 
0/8S 
4Sec@260·C 


Solder Dip 
- 
0/83 
4Sec@260"C 


Solder Dip 
13/248 (S.2%) 
1/76 (1.3%) 
6Sec@260·C 


Solder Dip 
14/127(11.0%) 
3/79 (3.8%) 
10 Sec @260·C 


Package: 
SO-14 lead 
Device: 
LM324M 


Since the package is of very small mass and experiences a 
rather sharp thermal shock followed by stresses created by 
the mismatch in expansion, the results show the packages 
being susceptible to failures after being immersed in excess 
of 6 seconds in a solder pot. In the second case where the 
packages were mounted, the effect of severe temperature 
excursion was reduced. In any case, because of the repeat- 
ed treatment, the package had failures when subjected in 
excess of 6 seconds immersion in hot solder. The safety 
margin is therefore recommended as maximum 4 seconds 
immersion. If packages were immersed longer than 4 sec- 
onds, there is a probable chance of finding some long term 
reliability failures even though the immediate electrical test 
data could be acceptable. 


Finally, Table VI examines the bias moisture test performed 
on surface mount (SOIC)components manufactured by var- 
ious semiconductor houses. End point was an electrical test 
after an equivalent of 6,000 hours in an 85/85 test. Failures 
were analyzed and corrosion was checked for in each case 
to detect flaws in package integrity. 


TABLE VI. U.S. Manufacturing 
Integrated Circuits 
Reliability In Various Solder Environments 
(11 FallurelTotal 
Environment) 


Package 
Vapor 
Wave 
Wave 
Wave 
Wave 


so-a 
Phase 
Solder 
Solder 
Solder 
Solder 
30sec 
2sec 
4sec 
6sec 
10sec 


ManufA 
8/30' 
1/30' 
0/30 
12/30' 
16/30' 


ManufB 
2/30' 
8/30' 
2/30' 
22/30' 
20/30' 


ManufC 
0/30 
0/29 
0/29 
0/30 
0/30 


ManufD 
1/30' 
12/30' 
14/30' 
2130' 
ManufE 
1/30" 
0/30 
0/30 
0/30 
Manuf F 
0/30 
0/30 
0/30 
0/30 


NSC 
0/30 
0/30 
0/30 
0/30 


-Corrosion 
failures 


··No 
Visual Defects·Non-corrosion 
failu9s 


Test Accelerated 
Bias Moisture Test: 85% 
R.H.l85·C. 
6,000 equivalent 


hours 


Summary 


Based on the results presented, it is noted that surface- 
mounted components are as reliable as standard molded 
DIP packages. Whereas DIPs were never processed by be- 
ing totally immersed in hot solder wave during printed circuit 
board soldering, surface mounted components such as 
SOICs (Small Outline) are expected to survive a total immer- 
sion in the hot solder in order to capitalize on maximum 
population on boards. Being constructed from a thermoset 
plastic of relatively low T9 compared to the soldering tem- 
perature, the ability of the package to survive is dependent 
on the time of immersion and also the cleanliness of materi- 
al. The results indicate that one should limit the immersion 
time of the package in the solder wave to a maximum of 4 
seconds in order to truly duplicate the reliability of a DIP. As 
the package size is reduced, as in a SO-8 lead, the require- 
ment becomes even more critical. This is shown by the vari- 
ous manufacturers' performance. Results indicate there is 
room for improvement since not all survived the hot solder 
immersion without compromise to lower reliability. 
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Recommended 
Soldering Profiles-Surface 
Mount 


.. 


Wave 
IR 
Vapor 


Solder 
Profile 
Phase 


Ramp Up 'C/sec 
Maximum 
6'C/sec 
4'C/sec 
24'C/sec 


Recommended 
4'C/sec' 
2'C/sec' 
2'C/sec 


- 
Minimum 
.. 
.. 
.. 


~T 
Maximum 
135'C 
N/A 
. 
N/A 


Recommended 
120'C 
NIA 
NIA 


Minimum 
110'C 
N/A 
N/A 


Dwell Time;;;' 
183'C 
Maximum 
N/A 
85 seconds 
85 seconds 


Recommended 
NIA 
75 second.' 
75.econds· 


Minimum 
N/A 
30 seconds" 
.. 


Solder Temperature 
Maximum 
260'C 
240'C'" 
219'C 


Recommended 
240'C 
215'C' 
215'C' 


Minimum 
.. 
.. 
.. 


Dwell Time @ Max. 
Maximum 
4 seconds 
10 seconds 
75 


Recommended 
3 second. 
5 seconds 
70.econds 


Minimum 
.. 
1 second 
.. 


Ramp Down 'C/sec 
Maximum 
No Information 
4'C/sec 
4'C/sec 


Recommended 
4'C/sec 
2'C/sec 
2'C/sec 
- 


Minimum 
No Information 
.. 
.. 


Note: Temperature 
In degree. 
celclu •• Nt A ~ 
Not Applicable. 


Ii.T = The temperature 
differential 
between the final preheat stage and the soldering stage. Temperature 
measured at the component 
lead area. 


·WiII vary depending 
on board density, geometry, 
and package type. 


··WiII vary depending 
on package types, and board density . 


••• For plastic packages; 
ceramic packages 
maximum may be 25O'"C. 


Parameters and Their 
Effect on Product Reliability 


The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 


COMPONENT 
SIZE COMPARISON 
DIJ--, 
I 
I 
L_..J 


Because of its small size, reliability of the product assem- 
bled in SO packages needs to be carefully evaluated. 


SO packages at National were internally qualified for pro- 
duction under the condition that they be of comparable reli- 
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo- 
lar and 15V CMOS product assembled in SO and DIP (con- 
trol) packages. 


V+ = 15VCIoIOS 
30V BIPOLAR 
85% RH/85"C 
TEST CONDITION 


In order to achieve reliability performance comparable to 
DIPs-SO 
packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 
All SO packages tested on 85%RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder- 
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 


SURFACE-MOUNT 
PROCESS 
FLOW 
The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount 
opera- 
tions, are illustrated on the following pages. 
Usual variations encountered by users of SO packages are: 


• Single-sided boards, surface-mounted components only. 
• Single-sided boards, mixed-lead inserted and surface- 
mounted components. 


• Double-sided boards, surface-mounted components only. 
• Double-sided boards, mixed-lead inserted and surface- 
mounted components. 
In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad- 
hesive applications, along with the commonly-used vapor- 
phase solder reflow soldering technique. 


PRODUCTION 
FLOW 


molten sOIOerJana me slanoaro u,r--wave s 
cess. (Only leads of the package are immersed into the mol- 
ten solder). 


o 
1 2 
3 
• 
5 
6 7 
8 
9 10 5EC. 


DWEll 
TIhlE 


For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur- 
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack- 
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 


Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 160'C, Figure 
C. At low- 
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (Tg) of epoxy (typically 160-165'C), the ther- 
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 
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FIGUREC 


When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata- 
strophic failure. Unfortunately, electrical tests performed im- 
mediately following soldering may not detect potential flaws. 


Most soldering processes involve temperatures ranging up 
to 260"C, which far exceeds the glass-transition tempera- 
ture of epoxy. Clearly, circuit boards containing SMD pack- 
ages require tighter process controls than those used for 
boards populated solely by DIPs. 


Figure 
D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 


Group 1- 
Standard DIP package 
Group 2 - 
SO packages vapor-phase reflow soldered on 
PC boards 
Group 3-6 
SO packages wave soldered on PC boards 


Group 3 - 
dwell time 2 seconds 
4 - 
dwell time 4 seconds 


5 - 
dwell time 6 seconds 
6 - 
dwell time 10 seconds 


FIGURED 
It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro- 
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre- 
ferred for the surface-mount process. 
When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend- 
ed. 


PICK AND PLACE 
The choice of automatic (all generally programmable) pick- 
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 


The basic component-placement 
systems available are 
classified as: 
(a) In-line placement 
- 
Fixed placement stations 
- 
Boards indexed under head and respective compo- 
nents placed 
(b) Sequential placement 
- 
Either a X-V moving table system or a e, X-Y moving 
pickup system used 
-Individual 
components picked and placed onto boards 


(c) Simultaneous placement 


- 
Multiple pickup heads 
- 
Whole array of components placed onto the PCB at 
the same time 


(d) Sequential/simultaneous placement 
- 
X-V moving table, mUltiple pickup heads system 
- 
Components placed on PCB by successive or simul- 
taneous actuation of pickup heads 
The SO package is treated almost the same as surface- 
mount, passive components requiring correct orientation in 
placement on the board. 


Pick and Place Action 


BAKE 
This is recommended, despite claims made by some solder 
paste suppliers that this step be omitted. 
The functions of this step are: 


• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 


• Acts as an adhesive to hold the components in place dur- 
ing handling between placement to reflow soldering. 


• Holds components in position when a double-sided sur- 
face-mounted board is held upside down going into a va- 
por-phase reflow soldering operation. 


• Removes solvents which might otherwise contaminate 
other equipment. 


• Initiates activator cleaning of surfaces to be soldered. 
• Prevents moisture absorption. 


The process is moreover very simple. The usual schedule is 
about 20 minutes in a 6S·C-9S·C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea- 
sons: 


• The flux will degrade and affect the characteristics of the 


paste. 


• Solder globules will begin to oxidize and cause solderabili- 


ty problems. 


• The paste will creep and after reflow, may leave behind 


residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 


REFLOW 
SOLDERING 


There are varicus methods for reflowing the solder paste, 
namely: 


• Hot air reflow 
• Infrared heating (furnaces) 


• Convectional oven heating 
• Vapor-phase reflow soldering 


• Laser soldering 
For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va- 
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
"hot spots" in the oven and uneven melting may result. La- 
ser soldering is more for specialized applications and re- 
quires a great amount of investment. 


HOT GAS REFLOW/INFRARED 
HEATING 


A hand-held or table-mount air blower (Withappropriate ori- 
fice mask) can be used. 
The boards are preheated to about 100·C and then subject- 
ed to an air jet at about 260·C. This is a slow process and 
results may be inconsistent due to various heat-sink proper- 
ties of passive components. 


INFRARED 
REFLOW 
SOLDERING 


Use of an infrared furnace is currently the most popular 
method to automate mass reflow, the heating is promoted 
by use of IR lamps or panels. Early objections to this meth- 
od were that certain materials may heat up at different rates 
under IR radiation and could result in damage to those com- 
ponents (usually sockets and connectors). This has been 
minimized by using far-infrared (non-focused) systems and 
convected air. 
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VAPOR·PHASE 
REFLOW 
SOLDERING 
Currently the most popular and consistent method, vapor- 
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol- 
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 


The commonly used fluids (supplied by 3M Corp) are: 
• FC-lO, 21S·C vapor (most applications) or FX-38 


• FC-l1, 2S3·C vapor (low-lead or tin-plate) 
HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 


• Batch systems, where boards are lowered in a basket and 


subjected to the vapor from a tank of boiling fluid. 


• In-line conveyorized systems, where boards are placed 


onto a continuous belt which transports them into a con- 
cealed tank where they are subjected to an environment 
of hot vapor. 


Dwell time in the vapor is generally on the order of 1S-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 


Vapor-Phase 
Profile 
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In-Line 
Conveyorlzed 
Vapor-Phase 
Soldering 
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The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 21S·C.SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack- 
ages, such as cerdips, metal cans and TO-Scans with glass 
seals, have also been tested. 


Batch-Fed 
Production 
Vapor-Phase 
Soldering 
Unit 


SECONDARY 
COILS 


PRINTED 
CIRCUIT 
BOARD 


The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 


The package can be reliably mounted onto substrates such 
as: 


• G10 or FR4 glass/resin 
• FRS glass/resin systems for high-temperature 
applications 


• Polymide boards, also high-temperature 
applications 


• Ceramic substrates 
General requirements for printed circuit boards are: 


• Mounting pads should be solder-plated whenever 
applicable. 
• Solder masks are commonly used to prevent solder bridg- 


ing of fine lines during soldering. 


The mask also protects circuits from processing chemical 
contamination and corrosion. 
If coated over pre-tinned traces, residues may accumulate 
at the mask/trace 
interface during subsequent reflow, 
leading to possible reliability failures. 
Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 


General requirements for solder mask: 
- 
Good pattern resolution. 


- 
Complete coverage of circuit lines and resistance to 
flaking during soldering. 


- 
Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 
- 
Compatible with soldering and cleaning requirements. 


SOLDER 
PASTE SCREEN 
PRINTING 
With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 
The typical lithographic "footprints" 
for SO packages are 


illustrated below. Note that the O.OSO"lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 
Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 


common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 
The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com- 
ponents. Recommended working specifications are: 


• Use stainless-steel, wire-mesh screens, #80 or #120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.S-S times larger than the aver- 
age particle size of paste material. 


• Use squeegee of Durometer 70. 
• Experimentation with squeegee travel speed is recom- 


mended, if available on machine used. 


• Use solder paste of mesh 200-32S. 
• Emulsion thickness of O.OOS"usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 


• Mesh pattern should be 90 degrees, square grid. 


• Snap-off height of screen should not exceed 'I.,to avoid 


damage to screens and minimize distortion. 


SOLDER 
PASTE 
Selection of solder paste tends to be confusing, due to nu- 
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 


• Particle sizes (see following photographs). Mesh 32S (ap- 


proximately 4S microns) should be used for general pur- 
poses, while larger (solder globules) particles are pre- 
ferred for leadless components (LCG).The larger particles 
can easily be used for SO packages. 


• Uniform particle distribution. Solder globules should be 


spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 x magnifica- 
tion). Uneven distribution causes uneven melting and sub- 
sequent expulsion of smaller solder balls away from their 
proper sites. 


• Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 


Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 


• RMA flux system usually used. 
• Use paste with aproximately 88-90% 
solids. 


RECOMMENDED 
SOLDER 
PADS FOR SO PACKAGES 
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Important considerations in cleaning are: 


• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 


• A low surface tension solvent (high penetration) should be 
employed. CFC solvents are being phased out as they are 
hazardous to the environment. Other approaches to 
cleaning are commercially available and should be investi- 
gated on an individual basis considering local and govern- 
ment environmental rules. 
Prelete or 1,1,1-Trichloroethane 
Kester 5120/5121 


• A defluxer system which allows the workpiece to be sub- 


jected to a solvent vapor, followed by a rinse in pure sol- 
vent and a high-pressure spray lance are the basic requir- 
ments for low-volume production. 


• For volume production, a conveyorized, multiple hot sol- 
vent spray/jet system is recommended. 


• Rosin, being a natural occurring material, is not readily 


soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet- 
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 


The dangers of an inadequate cleaning cycle are: 
• Ion contamination, where ionic residue left on boards 


would cause corrosion to metallic components, affecting 
the performance of the board. 


• Electro-migration, where ionic residue and moisture pres- 


ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 


REWORK 
Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap- 
propriate orifice masking to protect surrounding compo- 
nents may be used. 
When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 
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lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 


WAVE SOLDERING 
In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-SOlderingoperation in the process flow. 


Two options are used: 


• Surface mounted components are placed and vapor 


phase reflowed before auto-insertion of remaining compo- 
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 


• Surface-mounted components are placed in position, but 


no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack- 
age. The adhesive is cured and then proceeded to auto- 
insertion on the reverse side of the board (surface-mount- 
ed side facing down). The assembly is then passed over a 
"dual wave" soldering system. Note that the surface- 
mounted components are immersed into the molten sol- 
der. 
Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 
The controls required for wave soldering are: 


• Solder temperature to be 240-260·C. The dwell time of 


components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com- 
ponents and semiconductor devices. 


• RMA (Rosin Mildly Activated) flux or more aggressive OA 


(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous. when OA flux 
is used), as the entire board has been treated by flux (un- 
like solder paste, which is more or less localized). Non- 
halide OA fluxes are highly recommended. 


• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 100·C just before entering the solder wave. 


• Due to the closer lead spacings (0.050" vs 0.100" for 


dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes "shadowing" of some areas, resulting in poor sol- 
der coverage. This is minimized by dual-wave solder sys- 
tems. 


t t t t 


A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu- 
lence and given a transverse motion (across the motion of 
the board). This covers areas where "shadowing" occurs. A 
second wave (usually a broad wave) then proceeds to per- 
form the standard soldering. The departing edge from the 
solder is such to reduce "icicles," and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 


AQUEOUS 
CLEANING 
• For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem- 
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 


• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast- 
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 


• Neutralizing agents which will react with the corrosive ma- 


terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 


• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned 
because they 
introduce a fresh 
amount of ionizable material. 


CONFORMAL 
COATING 
Conformal coating is recommended for high-reliability PCBs 
to provide insulation resistance, as well as protection 
against contamination and degradation by moisture. 
Requirements: 


• Complete coating over components and solder joints. 
• Thixotropic material which will not flow under the pack- 
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 


• Compatibility and possess excellent adhesion with PCB 
material/components. 


• Silicones are recommended where permissible in 
application. 


SMD Lab Support 


FUNCTIONS 
Demonstration-Introduce 
first-time 
users 
to 
surface- 


mounting processes. 
service-Investigate 
problems experienced by users on 


surface mounting. 
Reliability Builds-Assemble 
surface-mounted units for re- 


liability data acquisition. 


Techniques-Develop 
techniques for handling different 


materials and processes in surface mounting. 
Equipment-In 
conjunction with equipment manufacturers, 


develop customized equipments to handle high density, 
new technology packages developed by National. 


In-House Expertise-Availability 
of in-house expertise on 


semiconductor research/development 
to assist users on 


packaging queries. 
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The following land pattern recommendations are provided as guidelines for board layout and assembly purposes. 


These recommendations cover the following National Semiconductor packages: PLCC, PQFP, SOP, SSOP and TSOP. 
For SOT-23 (5-Lead) and TO-263 (3- or 5·Lead) packages, refer to land patterns shown in the Physical Dimensions for MA05A 
and TS3B or TS5B packages, respectively. 
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0 
0' 
Lead 
L 
L' 
W 
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A 
A' 
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B' 
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Body 
Body 
Count 
Lead Tip 
Lead Tip 
Lead 
Lead/Pad 
Inner Pad 
Inner Pad 
Outer Pad 
Outer Pad 
Land 
Size 
Size 
No. 
to Tip 
to Tip 
Width 
Pitch 
to Pad Edge 
to Pad Edge 
to Pad Edge 
to Pad Edge 
Width 


(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 


8.89 
8.89 
20 
10.03 
10.03 
0.53 
1.27 
6.73 
6.73 
10.80 
10.80 
0.63 


11.43 
11.43 
28 
12.57 
12.57 
0.53 
1.27 
9.27 
9.27 
13.34 
13.34 
0.63 


11.43 
14.05 
32 
12.57 
15.11 
0.53 
1.27 
9.27 
12.00 
13.34 
16.00 
0.63 


16.51 
16.51 
44 
17.65 
17.65 
0.53 
1.27 
14.35 
14.35 
18.42 
18.42 
0.63 


19.05 
19.05 
52 
20.19 
20.19 
0.53 
1.27 
16.89 
16.89 
20.96 
20.96 
0.63 


24.13 
24.13 
68 
25.27 
25.27 
0.53 
1.27 
21.97 
21.97 
26.04 
26.04 
0.63 


29.21 
29.21 
84 
30.35 
30.35 
0.53 
1.27 
27.05 
27.05 
31.12 
31.12 
0.63 
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Plastic Quad flat 
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W 
P 
A 
A' 
B 
B' 
X 


Body 
Body 
Lead 
Lead Tip 
Lead Tip 
Lead 
Lead/Pad 
Inner Pad 
Inner Pad 
Outer 
Pad 
Outer Pad 
Land 


Count 
Size 
Size 
No. 
to Tip 
to Tip 
Width 
Pitch 
to Pad Edge 
to Pad Edge 
to Pad Edge 
to Pad Edge 
Width 


(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 


7 
7 
40 
9.29 
9.29 
0.26 
0.50 
7.50 
7.50 
9.78 
9.78 
0.30 


7 
7 
48 
9.40 
9.40 
0.27 
0.50 
6.88 
6.90 
10.42 
10.40 
0.32 


10 
10 
44 
13.35 
13.35 
0.45 
0.80 
10.53 
10.53 
14.47 
14.47 
0.55 


10 
10 
52 
14.15 
14.15 
0.38 
0.65 
9.08 
9.08 
15.17 
15.17 
0.43 


12 
12 
64 
14.00 
14.00 
0.38 
0.65 
11.48 
11.48 
15.02 
15.02 
0.43 


14 
14 
80 
18.15 
18.15 
0.38 
0.65 
13.08 
13.08 
19.17 
19.17 
0.43 


14 
20 
80 
17.80 
23.80 
0.35 
0.80 
13.50 
19.50 
18.50 
24.50 
0.40 


14 
14 
100 
17.45 
17.45 
0.30 
0.50 
13.08 
13.08 
18.47 
18.47 
0.35 


14 
20 
100 
17.80 
23.80 
0.30 
0.65 
13.50 
19.50 
18.50 
24.50 
0.35 


20 
20 
100 
24.30 
18.30 
0.40 
0.65 
21.28 
15.28 
25.32 
19.32 
0.45 


24 
24 
132 
24.21 
24.21 
0.30 
0.64 
21.67 
21.67 
25.23 
25.23 
0.40 


28 
28 
120 
32.15 
32.15 
0.45 
0.80 
27.88 
27.88 
33.17 
33.17 
0.55 


28 
28 
128 
31.45 
31.45 
0.45 
0.80 
28.03 
28.03 
32.47 
32.47 
0.55 


28 
28 
144 
32.15 
32.15 
0.38 
0.65 
28.03 
28.03 
33.17 
33.17. 
0.43 


28 
28 
160 
32.40 
32.40 
0.38 
0.65 
29.48 
29.48 
33.42 
33.42 
0.43 


28 
28 
208 
30.60 
30.60 
0.30 
0.50 
28.08 
28.08 
31.62 
31.62 
0.35 


JEDEC Small Outline 
and Shrink Small Outline 
Packages 
(SOP and SSOP) 
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Body 
Lead 
Shoulder 
Lead Tip 
Lead 
Lead/Pad 
Inner 
Pad 
Outer 
Pad 
Pad 
Count 
Size 
No. 
to Shoulder 
to Tip 
Width 
Pitch 
to Pad Edge 
to Pad Edge 
Width 


(In) 
(In) 
(In) 
(In) 
(In) 
(In) 
(In) 
(In) 


SOP 


0.150 
8 
0.144 
0.244 
0.020 
0.050 
0.094 
0.294 
0.028 


0.150 
14 
0.144 
0.244 
0.020 
0.050 
0.094 
0.294 
0.028 


0.150 
16 
0.144 
0.244 
0.020 
0.050 
0.094 
0.294 
0.028 


0.300 
14 
0.3300 
0.4100 
0.0190 
0.0500 
0.2800 
0.4600 
0.0270 


0.300 
16 
0.3300 
0.4100 
0.0190 
0.0500 
0.2800 
0.4600 
0.0270 


0.300 
20 
0.3300 
0.4100 
0.0190 
0.0500 
0.2800 
0.4600 
0.0270 


0.300 
24 
0.3300 
0.4100 
0.0190 
0.0500 
0.2800 
0.4600 
0.0270 


0.300 
28 
0.3300 
0.4100 
0.0190 
0.0500 
0.2800 
0.4600 
0.0270 


SSOP 


0.150 
20 
0.185 
0.241 
0.010 
0.025 
0.145 
0.281 
0.014 


0.150 
24 
0.185 
0.241 
0.010 
0.025 
0.145 
0.281 
0.014 


0.300 
48 
0.340 
0.420 
0.012 
0.025 
0.300 
0.460 
0.Q16 


0.300 
56 
0.340 
0.420 
0.012 
0.025 
0.300 
0.460 
0.016 
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C 
EIAJ Small Outline, 
Shrink Small Outline, 
and Thin Small Outline 
Packages 
(SOP, SSOP and TSOP) 
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Lead 
C 
L 
W 
P 
A 
B 
X 


Body 
Count 
Shoulder 
Lead Tip 
Lead 
Lead/Pad 
Inner Pad 
Outer Pad 
Pad 


Size 
No. 
to Shoulder 
to Tip 
Width 
Pitch 
to Pad Edge 
to Pad Edge 
WIdth 


(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 


SOP TYPE II 


5.300 
14 
6.280 
8.000 
0.400 
1.270 
5.010 
9.270 
0.600 


5.300 
16 
6.280 
8.000 
0.400 
1.270 
5.010 
9.270 
0.600 


5.300 
20 
6.280 
8.000 
0.400 
1.270 
5.010 
9.270 
0.600 


SSOPTYPEII 


5.300 
6.600 
5.584 
9.116 
0.451 


5.300 
6.600 
5.584 
9.116 
0.451 


SSOPTYPEIII 


7.500 
I 
40 
8.900 
10.500 
0.350 
0.650 
7.884 
11.516 
0.452 


TSOPTYPEI 


18.500 
I 
32 
19.000 
20.200 
0.250 
0.500 
17.984 
21.216 
0.301 
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Appendix A 
General Product Marking & Code Explanation 


LF 
356 
N 
/A+ 
Package Type 
11 


I 
R" •• m,_m 
'Op"'o.' 
D 
Glass/Metal 
DIP 


(Refer to Appendix 
G) 
E 
Ceramic 
Leadless 
Chip Carrier (LCC) 
F 
Glass/Metal 
Flat Pak ('f. x '!4") 
Package 
Type (See Right) 
G 
12 Lead TO-8 Metal Can (M/C) 


Device Number 
(Generic 
Type) 
H 
Multi-Lead 
Metal Can (M/G) 


and Suffix Letter (Optional) 
H-D5 
4 Lead M/C 
(TO-5) 
} 
Shipped 
with 


A or B: Improved 
H-46 
4 Lead M/C 
(TO-46) 
Thermal 
Shield 
Electrical 
J 
Lo-Temp 
Ceramic 
DIP 
Specification 
J-8 
8 Lead Ceramic 
DIP ("MiniDIP") 
C, I, E or M: Temperature 
J-14 
14 Lead Ceramic 
DIP (-14 used only when 
Range 
product 
is also available 
in -8 pkg). 


Device Family (See Below) 
K 
TO-3 M/C in Steel, except 
LM3D9K 
which is shipped 
in Aluminum 
,-, 


Device Family 
KC 
TO-3 M/C 
(Aluminum) 
KSteel 
TO-3 M/C 
(Steel) 


ADC 
Data Conversion 
M 
Small Outline 
Package 
, 


AF 
Active 
Filter 
M3 
3-Lead Small Outline 
Package 


AH 
Analog 
Switch 
(Hybrid) 
M5 
5-Lead Small Outline 
Package 


DAC 
Data Conversion 
N 
Molded 
DIP (EPOXY 
B) 


DM 
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LM329B 
........................•......................•..•............................................... 
AN-225 


LM330 .....•.............................................................................................. 
AN·301 


LM331 
AN-21 0, AN-240, 
AN-265, 
AN-278, 
AN-285, 
AN-311, 
LB-45, Appendix 
C, Appendix 
D 


LM331A 
AN-210, 
Appendix 
C 


LM334 
.....................•..•..•...................•..•...................•..•.......... 
AN-242, 
AN-256, 
AN-284 


LM335 
..................•..•.........................•......................•..•.......... 
AN-225, 
AN-263, 
AN·295 


LM336 
......•........................................•.................................... 
AN-202, 
AN-247, 
AN-258 


LM337 
....•..•..•.....•............................•.......•.....•...........•............................. 
LB-46 


LM338 
.........•........•............................•......................•........................ 
LB-49, LB-51 


LM339 
....•..............•..•.........................•..•...................•..•.......... 
AN-74, AN-245, 
AN-274 


LM340 
..............................................................•..•.......................... 
AN-1 03, AN-182 


LM340L 
.......................................•......................•..•................................. 
AN-256 


LM342 ............................•....................................................................... 
AN-288 


LM346 
..............................................................................•..•........... 
AN-202, 
LB-54 


LM348 
................................•..•..•................•..•............................•..... 
AN-202, 
LB-42 


LM349 
: 
LB-42 


LM358 
.............................•..•................ 
AN·116, 
AN-247, 
AN-271, 
AN-274, 
AN-284, 
AN-298, 
Appendix 
C 


LM358A 
..................•..•......................................................................... 
Appendix 
D 


LM359 
............•...............................•...................•............................ 
AN-278, 
AB-24 


LM360 
...................................•......................•..•....................................... 
AN-87 


LM361 
...................•........•............................•............................•...... 
AN-87, AN-294 


LM363 .............................................•.......•.................•..•......................... 
AN-271 


LM380 
....•..•........•............................................................................ 
AN-69, AN-146 


LM385 
...........................................•......... 
AN-242, 
AN-256, 
AN-301, 
AN-344, 
AN-460, 
AN-693, 
AN-777 


LM386 
......•..•..•..•..•..•.........................•..................................................... 
LB-54 


LM391 ....•..............•............................•..•.........................•..•................... 
AN-272 


LM392 
......................................•.....•............................................... 
AN-274,AN-286 


DeviceNumber 
ApplicationLiterature 


LM393 
..................................•..•...................................... 
AN-271, 
AN-274, 
AN-293, 
AN-694 


LM394 
........•............................•................ 
AN-262, 
AN-263, 
AN-271, 
AN-293, 
AN-299, 
AN-311, 
LB-52 


LM395 
................•...................•..•...... 
AN-178, 
AN-181, 
AN-262, 
AN-263, 
AN-266, 
AN-301. 
AN-460, 
LB-28 


LM399 .....•..•..•..•........•............................................................................ 
AN-184 


LM555 
....................•..•..•................•..•................•......................•..•.... 
AN-694, 
AB-7 


LM556 
.....................•..•..•...................•..•.............•..•.................................. 
AB-7 


LM565 
.............................•..•...................•..•................•..•..•.............. 
AN-46, AN-146 


LM566 ....................•..•..........................................•................................. 
AN-146 


LM604 .......................•.............................................•.............................. 
AN-460 


LM628 
................•..•..•......................•......................•....................... 
AN-693, 
AN-706 


LM629 
........................•..•...................•..•...................•..•.......... 
AN-693, 
AN-694, 
AN-706 


LM709 
.............•..•..•......................•..•................•..•............................ 
AN-24, AN-30 


LM710 
AN-41, 
LB-12 


LM725 
...................•..•...................•..•..•..•................................................. 
LB-22 


LM741 
.......•................................................................................ 
AN-79. 
LB-19. LB-22 


LM833 
....................................................•...................•........................... 
AN-346 


LM1036 
AN-390 


LM1202 
............................•..•...................•..•................•..•..•..................... 
AN-867 


LM1203 
..........................................................................•........................ 
AN-861 


LM1204 
AN-934 


LM1458 
AN-116 


LM1524 
.........................•..•................•..•..•....................... 
AN-272, 
AN-288, 
AN-292, 
AN-293 


LM1558 ............................•..•..•................•..•..•......................................... 
AN-116 


LM1578A 
...........•..•..•...................•..•..•...................•.................................. 
AB-30 


LM1823 
.......•.....•..•..•..•........•..........................................•........................ 
AN-391 


LM1830 
................•..•..•............................................................................. 
AB-10 


LM1865 
...............................•...................•..•..•................•..•..................... 
AN-390 


LM1886 ...............................•..•...................•...................•..•..................... 
AN-402 


LM1889 
............................•..•......................•...................•..•..................... 
AN-402 


LM 1894 .............................•..........................................•.......... 
AN-384, 
AN-386, 
AN-390 


LM2419 
............................•.........................•............................................ 
AN-861 


LM2577 
........................•..•..•................•..•......................•................. 
AN-776. 
AN-777 


LM2876 
.........................•..•..•................•..•..•................•..•..•..................... 
AN-898 


LM2889 
........................•......................•..•...................•..•..•.............. 
AN-391, 
AN-402 


LM2907 
....•..•..•..•..•..•..•.........................•.................................................. 
AN-162 


LM2917 
......................•..•......................................................................... 
AN-162 


LM2931 
.......•..•..•.........................•...................................................•........ 
AB-12 


LM2931CT 
..............................•..•......................•......................•................. 
AB-11 


LM3045 
...................•.........................•..•...................•.............................. 
AN-286 


LM3046 
: ..•.......................... 
AN-146, 
AN-299 


LM3089 
..........•........................................................................................ 
AN-147 


LM3524 
..................................................•..•..................... 
AN-272, 
AN-288, 
AN-292, 
AN-293 


LM3525A 
AN-694 


LM3578A 
...................•..•..•......................•..•...................•.......................... 
AB-30 


LM3875 
....................................•..•...................•..•..•................................. 
AN-898 


LM3876 
...............•..•.....................................................................•.......... 
AN-898 


LM3886 
AN-898 


LM3900 
.......................•..•..•...................•..•..•....... 
AN-72, AN-263, 
AN-274, 
AN-278, 
LB-20, AB-24 


LM3909 
.................................•..•......................•....................................... 
AN-154 


LM3914 
...............................•..•.........................•......................... 
AN-460, 
LB-48, AB-25 


LM3915 
....•..•..•...............................•.........................•..•........................... 
AN-386 


LM3999 
.......................................•......................•.................................... 
AN-161 


LM4250 
..........................•..•..•.............•..•.............•..•..•....................... 
AN-88, 
LB-34 


LM6181 
...........................................•................•.............................. 
AN-813,AN-840 


LM7800 
.....................•..•..•..................•..............................•.................... 
AN-178 


LM12454 
.....................•...................•..•................•.................... 
AN-906, 
AN-947, 
AN-949 


LM12458 
..................•..•.......•.....•.....•........................................ 
AN-906, 
AN-947, 
AN-949 


LM12H454 
...................•......................•...................•................. 
AN-906, 
AN-947, 
AN-949 


LM12H458 
...................•..•...................•..•..•.............•................. 
AN-906, 
AN-947, 
AN-949 


LM12L458 
.................•..•..•..•...................•..•................•..•........... 
AN-906, 
AN-947, 
AN-949 


LM18293 
......................•..•...................•..•......................•......................... 
AN-706 


LM78L 12 
.........................•..•...................•...................•..•..........•.....•..•..... 
AN-146 


LM78S40 
.......•..•..•..•..•...............................•................ 
, 
AN-7.11 


LMC555 
......................................................•...................•..•............ 
AN-460, 
AN-828 


LMC660 
................................•................•..•..•................•..• 
'..•................... 
AN-856 


LMC835 
.............................•..•...................•..•................•..•..•................... 
AN-435 


LMC6044 
............................•......................•...................•..•..•................... 
AN-856 


LMC6062 
, 
AN-856 


LMC6082 
................................................•..•.............•..•.....•..........•..•..•..... 
AN-856 


LMC6484 
......................................................•...................•...................... 
AN-856 


LMD18200 
................................•...................•..•................•............... 
AN-694, 
AN-828 


LMF40 .....................................•......................•................•..•..•................ 
AN-779 


LMF60 .....................................•..•...................•...................•..•..•............. 
AN-779 


LMF90 ..............•......................•..•...................•...................•................... 
AN-779 


LMF100 
...•..•.....•.............................................•....................................... 
AN-779 


LMF380 
...•.....•..•......................•..•...................•..•...................•................ 
AN-779 


LMF390 
...•..... 
, ............................•...................•...................•................... 
AN-779 


LP324 
.....•...............................•......................•......................•................ 
AN-284 


LP395 
........•............................•..•...................•..•................•..•..•..•.....•.... 
AN-460 


LPC660 
....................................•......................•...................•..•................ 
AN-856 


MF4 .......................................•......................•......................•................ 
AN-779 


MF5 ..................................................................................•................... 
AN-779 


MF6 .......................................•...................•...................•..•..•..•............. 
AN-779 


MF8 ....................................•..•...................•..•...................•..•................ 
AN-779 


MF10 
......................•..•.........................•..•.........................•..•......... 
AN-307, 
AN-779 


MM2716 
...............................•..•...................•..•................•........................ 
LB-54 


MM54104 
.............................•..•......................•........................... 
AN-252, 
AN-287, 
LB-54 


MM57110 
'.................•...................•..•...................•..•................... 
AN-382 


MM74COO ......•..•.........................•......................•......................•..•..•..•....... 
AN-88 


MM74C02 
................................•.......•..............•......................•.....•........•.... 
AN-88 


MM74C04 
....................................................•..•.......................................... 
AN-88 


MM74C948 
..................•..•..•...................•..•..•................•............................ 
AN-193 


MM74HC86 
................•..•......................•..•................•..•..•.................. 
AN-861, 
AN-867 


MM74LS138 
................•.........................•......................•.............................. 
LB-54 


MM53200 
.......•.....•..•.........................•..•................•.................................. 
AN-290 


2N4339 
......................•..•......................•..•...................•............................ 
AN-32 


Appendix D 
Military Aerospace Programs 
from National Semiconductor 


This appendix Is Intended to provide a brief overview of 
military 
products 
available from National Semiconduc- 
tor. The process flows and catagories shown below are 
for general reference only. For further Information 
and 
availability, 
please 
contact 
the 
Customer 
Response 
Center at 1-800-272-9959, MIlitary/Aerospace 
Marketing 
group or your local sales office. 


National Semiconductor's Military/Aerospace 
Program is 
founded on dedication to excellence. National offers com- 
plete support across the broadest range of products with 
the widest selection of qualification levels and screening 
flows. These flows include: 


Process Flows 
Description 
(Integrated Circuits) 


JANS 
QML products processed to 
MIL-I-38535 Level S or V for Space 
level applications. 


JAN B 
QML products processed to 
MIL-I-38535 Level B or Q for 
Military applications. 


SMD 
QML products processed to a 
Standard Microcircuit Drawing with 
Table I Electricals controlled by 
DESC. 


883 
QML products processed to 
MIL-STD-883 Level B for Military 
applications. 


MLP 
Products processed on the 
Monitored Line (Program) 
developed by the Air Force for 
Space level applications. 


-MIL 
Similar to MIL-STD-883 with 
exceptions noted on the Certificate 
of Conformance. 


MSP 
Military Screening Products for 
initial release of advanced 
products. 


MCP 
Commercial products processed in 
a military assembly. Electrical 
testing performed at 25°C, plus 
minimum and maximum operating 
temperature to commercial limits. 


MCR 
Commercial products processed in 
a military assembly. Electrical 
testing performed at 25°C to 
commercial limits 


MRP 
Military Ruggedized Plastic 
products processed to avionics 
requirements. 


MRR 
Commercial Ruggedized plastic 
product processed in a commercial 
assembly with electrical testing at 
25°C. 


MPC 
Commercial plastic products 
processed in a commercial 
assembly with electrical testing at 
25°C. 


• 
QML: 
The 
purpose 
of the 
QML 
program, 
which 
is ad- 
ministered 
by 
the 
Defense 
Electronics 
Supply 
Center 
(DESC), 
is to provide 
the 
military 
community 
with 
stan- 
dardized 
products 
that 
have 
been 
manufactured 
and 
screened 
to the 
highest 
quality 
and reliability 
standards 
in facilities 
that 
have 
been 
certified 
by the government. 


To 
achieve 
QML 
status, 
manufacturers 
must 
submit 
their 
facilities, 
quality 
procedures 
and 
design 
philoso- 
phies to a thorough 
audit aimed 
at confirming 
their abili- 
ty to produce 
product 
to the highest 
design 
and quality 
standards. 
They 
must 
be 
listed 
on 
DESC's 
Qualified 
Manufacturer 
List (QML) 
before 
devices 
can be marked 
and shipped 
as QML 
product. 


Two 
processing 
levels 
are specified 
within 
MIL-I-38535, 
the 
QML 
standard: 
Class 
S 
(typically 
specified 
for 
space 
and strategic 
applications) 
and Class 
B (used for 
tactical 
missile, 
airborne, 
naval 
and 
ground 
systems). 
The 
requirements 
for 
both 
classes 
are 
defined 
within 
MIL-STD-883. 
National 
is one 
of the 
industry's 
leading 
suppliers 
of both 
classes. 


• 
Standard 
Microcircuit 
Drawings 
(SMD). 
SMDs 
are is- 
sued 
to 
provide 
standardized 
versions 
of 
devices 
of- 
fered 
under 
QML. 
MIL-STD-883 
screening 
is coupled 
with 
tightly 
controlled 
electrical 
test 
specifications 
that 
allow 
a 
manufacturer 
to 
use 
his 
standard 
electrical 
tests. 
Table 
I explains 
the marking 
of JAN devices, 
and 
Table 
II outlines 
current 
marking 
requirements 
for QMLI 
SMD 
devices. 
Copies 
of MIL-j-38535 
and the QML 
can 
be 
obtained 
from 
the 
Naval 
Publications 
and 
Forms 
Center 
(5801 
Tabor 
Avenue, 
Philadelphia, 
PA 
19120, 
212/697-2179. 
A current 
listing 
of 
National's 
SMD 
of- 


ferings 
can 
be 
obtained 
from 
our 
authorized 
distribu- 
tors, 
our sales 
offices, 
our Customer 
Response 
Center 
(Arlington, 
Texas, 
817/468-6300), 
or from 
DESC. 


• 
MIL-STD-883. 
Originally 
intended 
to 
establish 
uniform 
test 
methods 
and 
procedures, 
MIL-STD-883 
has 
also 
become 
the 
general 
specification 
for 
non-SMD 
military 
product. 
MIL-STD-883 
defines 
the 
minimum 
require- 
ments 
for 
a device 
to 
be 
marked 
and 
advertised 
as 
883-compliant. 
Design 
and 
construction 
criteria, 
docu- 
mentation 
controls, 
electrical 
and 
mechanical 
screening 
requirements, 
and 
quality 
control 
procedures 
are 
out- 
lined in paragraph 
1.1.2 of MIL-STD-883. 


National 
offers 
both 
883 Class 
Band 
883 Class 
S prod- 
uct. The screening 
requirements 
for both classes 
of prod- 
uct are outlined 
in Table 
III. 


As with SMDs a manufacturer 
is allowed 
to use his stan- 
dard electrical 
tests 
provided 
that 
all critical 
parameters 
are tested. 
Also, the electrical 
test parameters, 
test con- 
ditions, 
test limits and test temperatures 
must be clearly 
documented. 
At National 
Semiconductor, 
this information 
is available 
via 
our 
Table 
I (formerly 
RETS, 
Reliability 
Electrical 
Test Specification 
Program). 
The Table 
I docu- 
ment is a complete 
description 
of the electrical 
tests 
per- 
formed 
and is controlled 
by our QA department. 
Individual 
copies 
are available 
upon request. 


Some of National's 
products 
are produced 
on a flow simi- 
lar to MIL-STD-883. 
These 
devices 
are screened 
to the 
same 
stringent 
requirements 
as 
883 
product, 
but 
are 
marked 
as -MIL; specific 
reasons 
for prevention 
of com- 
pliancy 
are clearly 
defined 
in the Certificate 
of Conform- 
ance 
(C of C) shipped 
with the product. 


• 
Monitored 
Line Program 
(MLP): 
is a non JAN 
Level 
S 
program 
developed 
by 
the 
Air 
Force. 
Monitored 
Line 
product 
usually 
provides 
the 
shortest 
cycle 
time, 
and is 
acceptable 
for 
application 
in several 
space 
level 
pro- 
grams. 
Lockheed 
Missiles 
and Space 
Company 
in Sun- 
nyvale, 
California, 
under 
an Air Force 
contract, 
provides 


"on-site" 
monitoring 
of product 
processing, 
and 
as ap- 
propriate, 
program 
management. 
Monitored 
Line orders 
generally 
do 
not 
allow 
"customizing", 
and 
most 
flows 
do not include 
quality 
conformance 
inspection. 
Drawing 
control 
is maintained 
by the Lockheed 
Company. 


• 
Military 
Screening 
Program 
(MSP): 
National's 
Military 
Screening 
Program 
was 
developed 
to 
make 
screened 
versions 
of advanced 
products 
such 
as gate arrays 
and 
microprocessors 
available 
more 
quickly. 
Through 
this 
program, 
screened 
product 
is made 
available 
for proto- 
types 
and breadboards 
prior to or during 
the QML activ- 
ities. 
MSP products 
receive 
the 
100% 
screening 
of Ta- 
ble III, but are not subjected 
to Group 
C and 
D quality 
conformance 
testing. 
Other 
criteria 
such 
as 
electrical 
testing 
and temperature 
range 
will vary depending 
upon 
individual 
device 
status 
and capability. 


TABLE 
I. JAN S or B Part Marking 


JM38510jXXXXXYYY 
r 


Lead Finish 
A = Solder 
Oipped 
B = Tin Plale 
C = Gold Plale 
X = Any 
lead 
finish 
above 
is acceptable 


Device 
Package 
(see Table 
II) 


Screening 
Level 
S or 
B 


Device 
Number 
on 
Slash 
Sheel 


Slash 
Sheel 
Number 


For radiation 
hard devices 
Ihis 
slash 
is repiaced 
by the 
Radiation 
Hardness 
Assurance 
Oesignator 
(M, 0, R, or H of 
MIL-I-38535) 


MIL-M-38510 


JAN Prefix 


JAN 


Package 
Microcircuit 
Industry 
Description 


Designation 


A 
14-pin '14" x '14" (Metal) 
Flatpak 


B 
14-pin 3/,6" X'14" (Metal) 
Flatpak 


C 
14-pin'l'" 
x %" Dual-In-Line 


D 
14-pin '14" x %" (Ceramic) 
Flatpak 


E 
16-pin '14 x 7/8 Dual-in-Line 


F 
16-pin '14" x %" (Metai or Ceramic) 
Flatpak 


G 
il-pin TO-99 Can or Header 


H 
10-pin '14 x '14 (Metal) 
Flatpak 


I 
1O-pin TO-1 00 Can or Header 
J 
24-pin %" x 1'14 Duai-In-Line 


K 
24-pin %" x %" Flatpak 


L 
24-pin 'I'" 
x 1'14 Dual-in-Line 


M 
12-pin TO-l 01 Can or Header 


N 
(Note 1) 
I 


P 
8-pin'l'" 
x %" Dual-In-Line 
Q 
40-pin 3/'6 
x 2'1,6 
Dual-in-Line 


R 
20-pin '14 x 1'A'" 
Dual-in-Line 
S 
20-pin '14 x %" Flatpak 


T 
(Note 1) 


U 
(Note 1) 


V 
18-pin %" x 15/16 Dual-in-Line 
W 
22-pin %" x 1'fa" 
Dual-in-Line 


X 
(Note 1) 
y 
(Note 1) 


Z 
(Note 1) 


2 
20-terminal 
0.350" 
x 0.350" 
Chip Carrier 


3 
28-terminai 
0.450" 
x 0.450" 
Chip Carrier 


Note 
1: These 
letters 
are assigned 
to packages 
by individual 
detail 
specifi- 
cations and may be assigned to different packages in different specifica- 
tions. 


TABLE 
II. Standard 
Military 
Drawing 
TABLE 
II-A. SMD Package 
Codes 
(SMD) Marking 
SMD 
,-L-, 
Package 
Microcircuit 
Industry 
Description 


5962-9319502MXA 
Designation 
t,..,n.", 
C 
14-pin Flatpak 


(Solder) 
0 
14-pin C DIP 
Package 
Codes 
E 
16-pin C DIP 


(see Tabl. 
IIA) 
F 
16-pin Flatpak 
Class 
Designator 
G 
8-pin TO-99 Can 
t.e = t.eIL -STO-883 


B or 
Q = Class 
B 
H 
10-pin (Metal) 
Flatpak 


S or V = Class C 
I 
10-pin TO-100 
Can 
L.....-- 
Device Number 
X 
(Note 2) 


Drawing 
Number 
- 
--: 
y 
(Note 2) 


Year 01 Issue 
P 
8-pinCDIP 


The "/" 
and 
"-" 
can 
2 
20-pin 
LCC 


be replaced 
by RHA 
R 
20-Pin DIP 


designations 
Note 2: These letters are assigned to packages 
by individual detail specifi- 
o = 
10 krad 
cations 
and may be assigned 
to different 
packages 
in different 
specifics- 


R = 
100 
krad 
lions. 


rederal 
Stock 
Class 


TL/XX/OO30-2 


TABLE 
III. 100% Screening 
ReqUirements 
.. 


Screen 
ClassS 
Class 
B 


Method 
Reqmt 
Method 
Reqmt 


1. 
Wafer 
Lot Acceptance 
5007 
All Lots 


2. 
Nondestructive 
Bond Pull (Note 14) 
2023 
100% 


3. 
Internal 
Visual (Note 1) 
2020, Condition 
A 
100% 
2010, Condition 
B 
100% 


4. 
Stabilization 
Bake (Note 16) 
1008, Condition 
C, Min 
100% 
1008, Condition 
C, Min 
100% 


24 Hrs. Min 
24 Hrs. Min 


5. 
Temperature 
Cycling 
(Note 2) 
1010, Condition 
C 
100% 
1010, Condition 
C 
100% 


6. 
Constant 
Acceleration 
2001, Condition 
E Min 
100% 
2001, Condition 
E Min 
100% 


Y 1 Orientation 
Only 
y1 Orientation 
Only 


7. 
Visual Inspection 
(Note 3) 
100% 
100% 


8. 
Particle 
Impact 
Noise Detection 
(PIND) 
2010, Condition 
A (Note 4) 
100% 


9. 
Serialization 
(Note 5) 
100% 


10. 
Interim 
(Pre-Bum-In) 
Electrical 
Parameters 
Per Applicable 
Device 
100% 
Per Applicable 
Device 


Specification 
(Note 13) 
Specification 
(Note 6) 


11. 
Burn-In Test 
1015 
100% 
1015 
100% 


240 Hrs. 
@ 125'C 
Min 
160 Hrs. 
@ 125'C 
Min 


(Cond. F Not Allowed) 


12. 
Interim (Post Burn-In) 
Per Applicable 
Device 
100% 


.. 


Electrical 
Parameters 
Specification 
(Note 3) 
-. 


• 


TABLE 
III. 100"10 Screening 
Requlrements'(Continued) 


Screen 
ClassS 
ClassB 


Method 
Reqmt 
Method 
Reqmt 


13. 
Reverse 
Bias Burn-In 
(Note 7) 
1015; Test Condition 
A, C, 
100"10 


72 Hrs. @ 150·C Min 


(Cond. F Not Allowed) 


14. 
Interim 
(Post-Burn-In) 
Electrical 
Per Applicable 
Device 
100"10 
Per Applicable 
Device 
100"10 


Parameters 
Specification 
(Note 13) 
Specification 


15. 
PDA Calculation 
5"10Parametric 
(Note 14), 
All Lots 
5"10Parametric 
(Note 14) 
All Lots 


3"10Functional 


16. 
Final Electrical 
Test (Note 15) 
Per Applicable 
Device 
Per Applicable 
Device 


a) Static Tests 
Specification 
Specification 


1) 25·C (SUbgroup 
1, Table 
I, 5005) 
100"10 
100"10 


2) Max & Min Rated Operating 
Temp. 
100"10 
100"10 


(Subgroups 
2, 3, Table I, 5005) 


b) Dynamic 
Tests or Functional 
Tests 


1) 25·C (Subgroup 
4 or 7) 
100"10 
100"10 


2) Max and Min Rated Operating 
Temp. 
100"10 
100"10 


(Subgroups 
5 and 6 or 8, Table I, 


5005) 


c) Switching 
Tests 25·C 
100"10 
100"10 


(SUbgroup 
9, Table I, 5005) 


17. 
Seal Fine, Gross 
1014 
100"10 
1014 
100"10 


(Note 8) 
(Note 9) 


18. 
Radiographic 
(Note 10) 
2012 Two Views 
100"10 
Ie 


19. 
Qualification 
or Quality Conformance 
(Note 11) 
Samp. 
(Note 11) 
Samp. 


Inspection 
Test Sample 
Selection 


20. 
External 
Visual (Note 12) 
2009 
100"10 
100"10 


Note 
1: Unless otherwise 
specified, 
at the manufacturer's 
option, test samples for Group B. bond strength 
(Method 5005) may be randomly selected 
prior to or 
following 
internal visual (Method 5004), prior to sealing provided all other specification 
requirements 
are satisfied (e.g., bond strength requirements 
shall apply to 
each inspection 
lot, bond failures shall be counted even if the bond would have failed internal visual). 


Note 2: For Class B devices. this test may be replaced with thermal shock Method 1011, Test Condition 
A, minimum. 


Note 
3: At the manufacturer's 
option, 
visual inspectkm 
for catastrophic 
failures 
may be conducted 
after each of the thermal/mechanical 
screens, 
after the 
sequence 
or after seal test. Catastrophic 
fallures are defined as missing leads, broken packages, 
or lids off. 


Note 4: The PIND test may be performed 
in any sequence after step 6 and prior to step 16. See MIL-I-38585 
paragraph 40.6.3. 


Note 5: Class S devices shall be serialized prior to interim electrical 
parameter 
measurements. 


Note 6: When specified, all devices shell be tested for those parameters 
requiring delta calculations. 


Note 7: Reverse bias bum·in is a requirement 
only when specified in the applicable 
device specification. 
The order of performing 
bum·in and reverse bias bum-in 


may be inverted. 


Hote 8: For Class S devices, the seal test may be performed in any sequence between step 16 and step 19, but it shall be performed 
after all shearing and forming 
operations 
on the terminals. 


Note 9: For Class B devices, the fine and gross seal tests shall be performed separately or together in any sequence and order between step 6 and step 20 except 
that they shall be performed 
after all shearing and forming operations 
on the terminals. When 100% seal screen cannot be performed 
after shearing and forming 
(e.g., flatpaks and chip carriers) the seal screen shall be done 100% prior to these operations 
and a sample test (LTPD - 
5) shall be performed on each inspection 


lot following 
these operations. 
If the sample fails, 100% rescreening 
shall be required. 


Note 
10: The radiographic 
screen may be performed 
in any sequence 
after step 9. 


Note 
11: Samples shall be selected 
for testing in accordance 
with the specific device class and lot requirements 
of Method 5005. 


Note 
12: External Visual shall be perf Jrmed on the lot any time after step 19 and prior to shipment. 


Note 
13: Read and record is required at steps 10 and 12 only for those parameters 
for which post·burn·in 
delta measurements 
are specified. All parameters 
shall 
be read and recorded 
at step 14. 


Note 
14: The PDA shall apply to all subgroup 
1 parameters 
at 2S-C and all delta parameters. 


Note 
15: Only one view is required for flat packages 
and leadless chip carriers with leads on all four sides. 


Note 
16: May be performed 
at any time prior to step 10. 


Military 
Analog 
Products 
Available 
from National 
Semiconductor 


Package 
Process 
SMD/JAN 
Device 
Styles 
Description 
Flows 
(Note 
3) 
(Note 
1) 
(Note 
2) 


HIGH PERFORMANCE 
AMPLIFIERS 
AND BUFFERS 


LF147 
D,J 
Wide BW Quad JFET Op Amp 
SMD/JAN 
/11906 


LF155A 
H 
JFET Input Op Amp 
883 
- 


LF156 
H 
JFET Input Op Amp 
883 
- 


LF156A 
H 
JFET Input Op Amp 
883 
- 


LF157 
H 
JFET Input Op Amp 
883 
- 


LF157A 
H 
JFET Input Op Amp 
883 
- 


LF411M 
H 
Low Offset, 
Low Drift JFET Input 
883/JAN 
/11904 


LF412M 
H,J 
Low Offset, 
Low Drift JFET Input-Dual 
883/JAN 
/11905 


LF441M 
H 
Low Power JFET Input 
883 
- 


LF442M 
H 
LOw Power JFET Input-Dual 
883 
- 


LF444M 
D 
Low Power JFET Input-Quad 
883 
- 


LHOO02 
H 
Buffer Amp 
"-MIL" 
- 


LH0021 
K 
1.0 Amp Power Op Amp 
"-MIL" 
- 


LH0024 
H 
High Slew Rate Op Amp 
"-MIL" 
- 


LH0032 
G 
Ultra Fast FET-Input 
Op Amp 
"-MIL" 
- 


LH0041 
G 
0.2 Amp Power Op Amp 
"-MIL" 
- 


LH0101 
K 
Power Op Amp 
"-MIL" 
- 


LM10 
H 
Super·Block™ 
Micropower 
Op Amp/Ref 
883/SMD 
5962·87604 


LM101A 
J,H,W 
General 
Purpose 
Op Amp 
883/JAN 
/10103 


LM108A 
J,H,W 
Precision 
Op Amp 
883/JAN 
/10104 


LM118 
J, H 
Fast Op Amp 
883/JAN 
/10107 


LM124 
J,E,W 
Low Power Quad Op Amp 
883/JAN 
/11005 


LM124A 
J,E,W 
Low Power Quad 
883/JAN 
/11006 


LM146 
J 
Quad Programmable 
Op Amp 
883 
- 


LM148 
J, E 
Quad 741 Opamp 
883/JAN 
/11001 
LM158A 
J, H 
Low Power Dual Op Amp 
883/SMD 
5962-8771002 
LM158 
J, H 
Low Power Dual Op Amp 
883/SMD 
5962-8771001 
LM611AM 
J 
Super-Block 
Op Amp/Reference 
883/SMD 
- 


LM613AM 
J, E 
Super-Block 
Dual Op Amp/Dual 
Comp/Ref 
883/SMD 
- 


LM614AM 
J 
Super-Block 
Quad Op Amp/Ref 
883/SMD 
- 


LM709A 
H,J,W 
General 
Purpose 
Op Amp 
883/SMD 
7800701 


LM741 
J,H,W 
General 
Purpose Op Amp 
883/JAN 
/10101 
LM747 
J, H 
General 
Purpose 
Dual Op Amp 
883/JAN 
/10102 


LM6118 
J, E 
VIP Dual Op Amp 
883/SMD 
5962-91565 
LM6121 
H,J 
VIP Buffer 
883/SMD 
5962-90812 


LM6125 
H 
VIP Buffer with Error Flag 
883/SMD 
5962·90815 
LM6161 
J,E,W 
VIP Op Amp (Unity Gain) 
883/SMD 
5962-89621 
LM6162 
J,E,W 
VIP Op Amp (Av > 2, - 
1) 
883/SMD 
5962-92165 
LM6164 
J,E,W 
VIP Op Amp (Av > 5) 
883/SMD 
5962-89624 
LM6165 
J,E,W 
VIP Op Amp (Av > 25) 
883/SMD 
5962-89625 
LM6181AM 
J 
VIP Current 
Feedback 
Op Amp 
883/SMD 
5962-9081802 
LM6182AM 
J 
VIP Current 
Feedback 
Dual Op Amp 
883/SMD 
5962-9460301 


LMC660AM 
J 
Low Power CMOS Quad Op Amp 
883/SMD 
5962-9209301 
LMC662AM 
J 
Low Power CMOS Dual Op Amp 
883/SMD 
5962·9209401 
LPC660AM 
J 
Micropower 
CMOS Quad Op Amp 
883/SMD 
5962-9209302 
LPC662AM 
J 
Micropower 
CMOS Dual Op Amp 
883/SMD 
5962-9209402 
LMC6482AM 
J 
Rail to Rail CMOS Dual Op Amp 
883/SMD 
5962-9453401 
LMC6484AM 
J 
Rail to Rail CMOS Quad Op Amp 
883/SMD 
5962-9453402 


OP07 
H 
Precision 
Op Amp 
883 
- 


~KAlUt1:; 


LF111 
H 
Voltage 
Comparator 
"-MIL" 
- 
LH2111 
J,W 
Dual Voltage 
Comparator 
883/JAN 
110305 


LM106 
H,W 
Voltage 
Comparator 
883/SMD 
8003701 
LM111 
J,H,E,W 
Voltage 
Comparator 
883/JAN 
110304 
LM119 
J,H,E,W 
High Speed Dual Comparator 
883/JAN 
110306 
LM139 
J,E,W 
Quad Comparator 
883/JAN 
111201 
LM139A 
J,E,W 
Precision 
Quad Comparator 
883/SMD 
5962-87739 
LM160 
J, H 
High Speed Differential 
Comparator 
883/SMD 
8767401 
LM161 
J,H,W 
High Speed Differential 
Comparator 
883/SMD 
5962-87572 
LM193 
J, H 
Dual Comparator 
883 
- 
LM193A 
J, H 
Dual Comparator 
883/JAN 
111202 
LM612AM 
J 
Dual-Channel 
Comparator/Reference 
883/SMD 
5962-93002 
LM613AM 
J, E 
Super-Block 
Dual Comparatorl 
883/SMD 
5962-93003 
Dual Op Ampl Adj Reference 
LM615AM 
J 
Quad Comparator 
1Adjustable 
Reference 
883 
- 


LM710A' 
J,H,W 
Voltage 
Comparator 
883/JAN 
110301 


LM711A' 
J,H,W 
Dual LM710 
883/JAN 
110302 


LM760 
J, H 
High Speed 
Differential 
Comparator 
883/SMD 
5962-87545 


• Formerly 
manufactured 
by Fairchild 
Semiconductor 
as part numbers 
JJ.A710 and JJ.A711. 


LINEAR 
REGULATORS 


Positive 
Voltage 
Regulators 


LM105 
H 
Adjustable 
Voltage 
Regulator 
883/SMD 
5962-89588 
LM109 
H 
5V Regulator, 
10 = 20 mA 
883/JAN 
110701BXA 
LM109 
K 
5V Regulator,lo 
= 1A 
883/JAN 
110701 BYA 


LM117 
H,E,K 
Adjustable 
Regulator 
883/JAN 
111703,/11704 


LM117HV 
H 
Adjustable 
Regulator, 
10 = 0.5A 
883/SMD 
7703402XA 
LM117HV 
K 
Adjustable 
Regulator, 
10 = 1.5A 
883/SMD 
7703402YA 


LM123 
K 
3A Voltage 
Regulator 
883 
- 


LM138 
K 
5A Adjustable 
Regulator 
"-MIL" 
- 


LM140-5.0 
H 
0.5A Fixed 5V Regulator 
883/JAN 
110702 
LM140-6.0 
H 
0.5A Fixed 6V Regulator 
883 
- 
LM140-8.0 
H 
0.5A Fixed 8V Regulator 
883 
- 
LM140-12 
H 
0.5A Fixed 12V Regulator 
883/JAN 
110703 


LM140-15 
H 
0.5A Fixed 15V Regulator 
883/JAN 
110704 
LM140-24 
H 
0.5A Fixed 24V Regulator 
883 
- 
LM140A-5.0 
K 
1.OA Fixed 5V Regulator 
883 
- 
LM140A-12 
K 
1.OA Fixed 12V Regulator 
883 
- 
LM140A-15 
K 
1.0A Fixed 15V Regulator 
883 
- 
LM140K-5.0 
K 
1.0A Fixed 5V Regulator 
883/JAN 
110706 


LM140K-12 
K 
1.0A Fixed 12V Regulator 
883/JAN 
110707 
LM140K-15 
K 
1.0A Fixed 15V Regulator 
883/JAN 
110708 


LM140LAH-5.0 
H 
100 mA Fixed 5V Regulator 
883 
- 


LM140LAH-12 
H 
100 mA Fixed 12V Regulator 
883 
- 


LM140LAH-15 
H 
100 mA Fixed 15V Regulator 
883 
- 


LM150 
K 
3A Adjustable 
Power Regulator 
883 
- 


LM2940-5.0 
K 
5V Low Dropout 
Regulator 
883/SMD 
5962-89587 


LM2940-8.0 
K 
8V Low Dropout 
Regulator 
883/SMD 
5962-90883 


LM2940-12 
K 
12V Low Dropout 
Regulator 
883/SMD 
5962-90884 
LM2940-15 
K 
15V Low Dropout 
Regulator 
883/SMD 
5962-90885 


LM2941 
K 
Adjustable 
Low Dropout 
Regulator 
883/SMD 
TBD 


LM431 
H,K 
Adjustable 
Shunt Regulator 
883 
- 


LM723 
H,J, 
E 
Precision 
Adjustable 
Regulator 
883/JAN 
110201 
U'2951 
H, E,J 
Adjustable 
Micropower 
LDO 
883/SMD 
5962-38705 
LP2953AM 
J 
250 mA Adj. Micropower 
LDO 
883/SMD 
5962-9233601 


Military 
Analog 
Products 
Available 
from National 
Semiconductor 
(Continued) 


Package 
Process 
SMD/JAN 


Device 
Styles 
Description 
Flows 
(Note 
3) 


(Note 
1) 
(Note 
2) 


LINEAR 
REGULATORS 
(Continued) 
., 


Negative 
Voltage 
Regulators 


LM120-5.0 
H 
Fixed 0.5A Regulator, 
Your = -5V 
883/JAN 
/11501 


LM120-8.0 
H 
Fixed 0.5A Regulator, 
Your = -8V 
883 
- 


LM120-12 
H 
Fixed 0.5A Regulator, 
Your = -12V 
883/JAN 
/11502 


LM120-15 
H 
Fixed 0.5A Regulator, 
Your = -15V 
883/JAN 
/11503 


LM120-5.0 
K 
Fixed 1.0A Regulator, 
Your = -5V 
883/JAN 
/11505 


LM120-12 
K 
Fixed 1.0A Regulator, 
Your = -12V 
883/JAN 
/11506 


LM120-15 
K 
Fixed 1.0A Regulator, 
Your = -15V 
883/JAN 
/11507 


LM137A 
H 
Precision 
Adjustable 
Regulator 
883/SMD 
7703406XA 


LM137A 
K 
Precision 
Adjustable 
Regulator 


Ie 
883/SMD 
7703406YA 


LM137 
H,K 
Adjustable 
Regulator 
883/JAN 
/11803,/11804 


LM137HV 
H 
Adjustable 
(High Voltage) 
Regulator 
883/SMD 
7703404XA 


LM137HV 
, 


K 
Adjustable 
(High Voltage) 
Regulator 
883/SMD 
7703404YA 


LM145-5.0 
K 
Negative 
3 Amp Regulator 
883/SMD 
5962-90645 


LM145-5.2 
K 
Negative 
3 Amp Regulator 
883 
- 


SWITCHING 
REGULATORS 


LM1575-5 
J, K 
Simple Switcher™ 
Step-Down, 
Your = 5V 
883/SMD 
5962-9167201 


LM1575-12 
J, K 
SimpleSwitcherStep-Down, 
Your "" 12V 
883/SMD 
5962-9167301 


LM1575-15 
J, K 
Simple Switcher 
Step-Down, 
Your = 15V 
883/SMD 
5962-9167401 


LM1575-ADJ 
J, K 
Simple Switcher 
Step-Down, 
Adj Your 
883/SMD 
5962-9167101 


LM1575HV-5 
K 
Simple Switcher 
Step-Down, 
Your = 5V 
883 
- 


LM1575HV-12 
K 
Simple Switcher 
Step-Down, 
Your = 12V 
883 
- 


LM1575HV-15 
K 
Simple Switcher 
Step-Down, 
Your = 15V 
883 
- 


LM1575HV-ADJ 
K 
Simple Switcher 
Step-Down, 
Adj Your 
883 
- 


LM1577-12 
K 
Simple Switcher 
Step-Up, 
Your = 12V 
.. 
883/SMD 
5962-9216701 


LM1577-15 
K 
Simple Switcher 
Step-Up, 
Your = 15V 


" 
883/SMD 
5962-9216801 


LM1577-ADJ 
K 
Simple Switcher 
Step-Up, 
Adj Your 
883/SMD 
5962-9216601 


LM1578 
H 
750 mA Switching 
Regulator 
883/SMD 
5962-89586 


LM78S40' 
J 
Universal 
Switching 
Regulator 
SUbsystem 
883/SMD 
5962-88761 


• Formerly manufactured 
by Fairchild Semiconductor 
as the p.A78S40DMQB. 


VOLTAGE 
REFERENCES 


LM103-3.0 
H 
Reference 
Diode, BV = 3.0V 
883/SMD 
7702806 


LM103-3.3 
H 
Reference 
Diode, BV = 3.3V 
883/SMD 
7702807 


LM103-3.6 
H 
Reference 
Diode, BV = 3.6V 
883/SMD 
7702808 


LM103-3.9 
H 
Reference 
Diode, BV = 3.9V 
883/SMD 
7702809 


LM113 
H 
Reference 
Diode with 5% Tolerance 
883/SMD 
5962-8671101 
LM113-1 
H 
Reference 
Diode with 1% Tolerance 
, 
883/SMD 
5962-8671102 
LM113-2 
H 
Reference 
Diode with 2% Tolerance 
883/SMD 
5962-8671103 


LM129A 
H 
Precision 
Reference, 
10 ppmrC 
Drift 
883/SMD 
5962-8992101 
XA 
LM129B 
H 
Precision 
Reference, 
20 ppmrC 
Drift 
883/SMD 
5962-8992102XA 


LM136A-2.5 
H 
2.5V Reference 
Diode, 1% Your Tolerance 
883 
- 


LM136A-5.0 
H 
5V Reference 
Diode, 1% Your Tolerance 
883/SMD 
8418001 


LM136-2.5 
H 
2.5V Reference 
Diode, 2% Your Tolerance 
883 
- 


LM136-5.0 
H 
5V Reference 
Diode, 2% Your Tolerance 
883 
- 


Military 
Analog 
Products 
Available 
from National 
Semiconductor 
(Continued) 


Package 
Process 
SMD/JAN 
Device 
Styles 
Description 
Flows 
(Note 
3) 


(Note 
1) 
(Note 2) 


VOLTAGE 
REFERENCES 
(Continued) 
'~',,. 
0' 
r 


lM169 
H 
10V Precision 
Reference, 
low 
Tempco 
0.05% 
Tolerance 
883 
- 


lM185B 
H,E 
Adjustable 
Micropower 
Voltage 
Reference 
883/SMD 
5962-9041401 


lM185BX2.5 
H 
2.5V Micropower 
Reference 
Diode, Ultralow 
Drift 
883/SMD 
5962-8759404 


lM185BY 
H 
Adjustable 
Micropower 
Voltage 
Reference 
883 
- 


lM185BY1.2 
H 
1.2V Micropower 
Reference 
Diode, low 
Drift 
883/SMD 
5962-8759405 


lM185BY2.5 
H 
2.5V Micropower 
Reference 
Diode, low 
Drift 
883/SMD 
5962-8759406 


lM185-1.2 
H,E 
1.2V Micropower 
Reference 
Diode, low 
Drift 
883/SMD 
5962-8759401 


lM185-2.5 
H,E 
2.5V Micropower 
Reference 
Diode, low 
Drift 
883/SMD 
5962-8759402 


lM199 
H 
Precision 
Reference, 
low 
Tempco 
883/SMD 
5962-8856102 


lM199A 
H 
Precision 
Reference, 
Ultralow 
Tempco 
883/SMD 
5962-8856101 


lM199A-20 
H 
Precision 
Reference, 
Ultralow 
Tempco 
883 
- 


lM611AM 
J 
Super-Block 
Op Amp/Reference 
883 
- 
lM612AM 
J 
Super-Block 
Dual-Channel 
Comparator/Reference 
883/SMD 
5962-9300201 


lM613AM 
J, E 
Super-Block 
Dual Op Amp/DuaIComp/Dual 
Ref 
883/SMD 
5962-9300301 


lM614AM 
J 
Super-Block 
Quad Op Amp/Reference 
883/SMD 
5962-9300401 


lM615AM 
J 
Super-Block 
Quad Comparator/Reference 
883/SMD 
TBD 


lH0070-0 
H 
Precision 
BCD Buffered 
Reference 
"-Mil" 
- 


lH0070-1 
H 
Precision 
BCD Buffered 
Reference 
"-Mil" 
- 


lH0070-2 
H 
Precision 
BCD Buffered 
Reference 
"-Mil" 
- 
: 


DATA ACQUISITION 
, 


ADC08020l 
J 
8-Bit /-,P-Compatible 
883/SMD 
5962-90966 


ADC0851 
J 
8-Bit Analog 
Data Acquisition 
883/SMD 
TBD 
& Monitoring 
System 


ADC0858 
J 
8-Bit Analog 
Data Acquisition 
883/SMD 
TBD 
& Monitoring 
System 


ADC08061CM 
J 
8-Bit Multistep 
ADC 
883/SMD 
TBD 


ADC10061CM 
J 
1O-Bit Multistep 
ADC 
883/SMD 
TBD 


ADC10062CM 
J 
10-Bit Multistep 
ADC w/Dual 
883/SMD 
TBD 


Input Mutiplexer 


ADC10064CM 
J 
10-Bit Multistep 
ADC w/Quad 
883/SMD 
TBD 


Input Multiplexer 


ADC1241CM 
J 
12-Bit Plus Sign Self-Calibrating 
883/SMD 
5962-9157801 


with Sample/Hold 
Function 


ADC12441CM 
J 
Dynamically-Tested 
ADC1241 
883/SMD 
5962-9157802 


ADC1251CM 
J 
12-Bit Plus Sign Self-Calibratin.g 
883/SMD 
5962-9157801 


with Sample/Hold 
Function 


ADC12451CM 
J 
Dynamically-Tested 
ADC1251 
883/SMD 
TBD 


DAC0854CM 
J 
Quad 8-Bit D/ A Converter 
883/SMD 
TBD 


with Read Back 


DAC1054CM 
J 
Quad 1O-Bit D/ A Converter 
883/SMD 
TBD 


with Read Back 


lM12458M 
El,W 
12-Bit Data Acquisition 
System 
883/SMD 
5962-9319501 
lM12H458M 
El,W 
12-Bit Data Acquisition 
System 
883/SMD 
5962-9319502 


Package 
Process 
SMD/JAN 
Device 
Styles 
Description 
Flows 
(Note 3) 
(Note 1) 
(Note 2) 


DATA ACQUISITION SUPPORT 


Switched Capacitor Flit rs 
LMF60CMJ50 
J 
6th Order Butterworth Lowpass 
883/SMD 
5962-90967 


LMF60CMJ100 
J 
6th Order Butterworth Lowpass 


, 


883/SMD 
5962-90967 


LMF90CM 
J 
4th Order Elliptic Notch 
883/SMD 
5962-90968 


LMF100A 
J, E 
Dual 2nd Order General Purpose 
883/SMD 
5962-9153301 


sample and Hold 


LF198 
H 
Monolithic Sample and Hold 
SMD/JA 
5962-87608 


112501 


Motion Control 
LMD18200-2 
D 
Dual 3A, 55V H-Bridge 
883/JAN 
5962-9232501 


Nole 
1: 0: Side-Brazed 
DIP 


E: leadless 
Ceramic Chip Carrier 


G: Metal Can (TD-8) 
H: Metal can (T0-39, 
TO-5, TO-99, To-100) 


J: Ceramic DIP 
K: Metal Can (TO-3) 
W: Flalpak 


Note 3: Please call your local sales office to determine price and availability of space·level 
products. All "LM" 
prefix products in this guide are 8vailble with space- 


level processing. 


Note 2: Process Flows 
JAN 
~ JM38510, 
Level B 
SMD 
~ Standard Military Drawing 
883 
= MIL-STD-883 
Rev C 
-MIL 
= Exceptions 
to 883C noted on 
Certificate 
of Conformance 


Appendix E 
Understanding 
Integrated Circuit 
Package Power Capabilities 


INTRODUCTION 


The short 
and long term reliability 
of National 
Semiconduc- 


tor's 
interface 
circuits, 
like any integrated 
circuit, 
is very de- 
pendent 
on 
its environmental 
condition. 
Beyond 
the 
me- 
chanical/environmental 
factors, 
nothing 
has a greater 
influ- 
ence on this reliability 
than the electrical 
and thermal 
stress 
seen 
by the integrated 
circuit. 
Both 
of these 
stress 
issues 
are 
specifically 
addressed 
on 
every 
interface 
circuit 
data 
sheet, 
under 
the 
headings 
of Absolute 
Maximum 
Ratings 
and Recommended 
Operating 
Conditions. 


However, 
through 
application 
calls, it has become 
clear that 
electrical 
stress 
conditions 
are generally 
more 
understood 
than 
the thermal 
stress 
conditions. 
Understanding 
the 
im- 
portance 
of electrical 
stress 
should 
never 
be reduced, 
but 
clearly, a higher focus and understanding 
must be placed 
on 
thermal 
stress. 
Thermal 
stress 
and its application 
to inter- 


face circuits 
from 
National 
Semiconductor 
is the subject 
of 
this application 
note. 


FACTORS 
AFFECTING 
DEVICE 
RELIABILITY 


Figure 
1 shows 
the well known 
"bathtub" 
curve plotting 
fail- 
ure rate versus 
time. 
Similar 
to all system 
hardware 
(me- 


chanical 
or electrical) 
the 
reliability 
of interface 
integrated 
circuits 
conform 
to this 
curve. 
The 
key issues 
associated 
with this 
curve 
are infant 
mortality, 
failure 
rate, and useful 
life. 


INFANT 
MORTALITY 
(SHADED 
AREAl 


m 
" 
~ 
EARLY LIFE 
USEFUL 
LIFE 
WEAROUT 
TIME 


TL/H/9312-1 
FIGURE 
1. Failure 
Rate vs Time 


Infant 
mortality, 
the high failure 
rate from time to to t1 (early 


life), is greatly 
influenced 
by system 
stress 
conditions 
other 
than temperature, 
and can vary widely 
from one application 
to another. 
The main stress 
factors 
that contribute 
to infant 
mortality 
are 
electrical 
transients 
and 
noise, 
mechanical 
maltreatment 
and 
excessive 
temperatures. 
Most 
of these 


failures 
are discovered 
in device 
test, 
burn-in, 
card assem- 
bly and handling, 
and initial 
system 
test 
and operation. 
Al- 


though 
important, 
much literature 
is available 
on the subject 
of infant 
mortality 
in integrated 
circuits 
and 
is beyond 
the 


scope 
of this application 
note. 


Failure rate is the number 
of devices 
that will be expected 
to 
fail in a given period of time (such as, per million 
hours). The 
mean 
time 
between 
failure 
(MTBF) 
is the average 
time 
(in 
hours) that will be expected 
to elapse 
after a unit has failed 
before 
the 
next 
unit failure 
will 
occur. 
These 
two 
primary 
"units 
of measure" 
for device 
reliability 
are inversely 
relat- 
ed: 


MTBF 
= 
1 
Failure Rate 


Although 
the 
"bathtub" 
curve 
plots 
the overall 
failure 
rate 
versus 
time, 
the 
useful 
failure 
rate can 
be defined 
as the 
percentage 
of devices 
that fail per-un it-time 
during 
the flat 
portion 
of the curve. This area, called the useful life, extends 
between 
t1 and t2 or from the end of infant 
mortality 
to the 
onset of wearout. 
The useful life may be as short as several 
years 
but usually 
extends 
for decades 
if adequate 
design 
margins 
are used in the development 
of a system. 


Many factors 
influence 
useful 
life including: 
pressure, 
me- 
chanical 
stress, 
thermal 
cycling, 
and electrical 
stress. 
How- 
ever, die temperature 
during the device's 
useful life plays an 
equally 
important 
role in triggering 
the onset 
of wearout. 


FAILURE 
RATES vs TIME AND TEMPERATURE 


The relationship 
between 
integrated 
circuit failure 
rates and 
time and temperature 
is a well established 
fact. The occur- 
rence of these failures 
is a function 
which 
can be represent- 
ed by the Arrhenius 
Model. Well validated 
and predominant- 


ly used for accelerated 
life testing 
of integrated 
circuits, 
the 
Arrhenius 
Model assumes 
the degradation 
of a performance 
parameter 
is linear with time and that MTBF 
is a function 
of 
temperature 
stress. 
The temperature 
dependence 
is an ex- 
ponential 
function 
that defines 
the probability 
of occurrence. 
This results 
in a formula 
for expressing 
the lifetime 
or MTBF 
at a given temperature 
stress 
in relation 
to another 
MTBF at 
a different 
temperature. 
The 
ratio 
of these 
two 
MTBFs 
is 
called the acceleration 
factor 
F and is defined 
by the follow- 
ing equation: 


F = X1 = exp [~ (2- _ 2-) ] 
X2 
K 
T2 
T1 


Where: 
X1 = Failure 
rate at junction 
temperature 
T1 


X2 = Failure 
rate at junction 
temperature 
T2 


T = Junction 
temperature 
in degrees 
Kelvin 


E = Thermal 
activation 
energy 
in electron 
volts 
(ev) 
K = Boltzman's 
constant 


However, the dramatic acceleration effect of junction tem- 
perature (chip temperature) on failure rate is illustrated in a 
plot of the above equation for three different activation en- 
ergies in Figure 2. This graph clearly demonstrates the im- 
portance of the relationship of junction temperature to de- 
vice failure rate. For example, using the 0.99 ev line, a 30· 
rise in junction temperature, say from 130·C to 160·C, re- 
sults in a 10 to 1 increase in failure rate. 
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FIGURE 2. Failure Rate as a Function 
of Junction Temperature 


DEVICE THERMAL CAPABILITIES 
There are many factors which affect the thermal capability 
of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out of 
the integrated circuit package. This is illustrated by Figures 
3and 4. 


Figure 3 shows a cross-sectional view of an assembled inte- 
grated circuit mounted into a printed circuit board. 


Figure 4 is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit 


flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack- 
age material to the package lead frame to the printed circuit 
board and then to the ambient. The second path is from the 
package directly to the ambient air. 


Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in device 
thermal characteristics. However, grouping all these charac- 
teristics into one equation determining the overall thermal 
capability of an integrated circuit/package/environmental 
condition is possible. The equation that expresses this rela- 
tionship is: 


TJ = TA + Po (OJN 
Where: TJ = Die junction temperature 
TA = Ambient temperature in the vicinity device 
Po = Total power dissipation (in watts) 


0JA = Thermal resistance junction-to-ambient 


0JA,the thermal resistance from device junction-to-ambient 
temperature, is measured and specified by the manufactur- 
ers of integrated circuits. National Semiconductor utilizes 
special vehicles and methods to measure and monitor this 
parameter. All circuit data sheets specify the thermal char- 
acteristics and capabilities of the packages available for a 
given device under specific conditions-these 
package 
power ratings directly relate to thermal resistance junction- 
to-ambient or 0JA. 
Although National provides these thermal ratings, it is crit- 
ical that the end user understand how to use these numbers 
to improve thermal characteristics in the development of his 
system using IC components. 
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DETERMINING 
DEVICE 
OPERATING 
JUNCTION 
TEMPERATURE 
From the above equation the method of determining actual 
worst-case device operating junction temperature becomes 
straightforward. Given a package thermal characteristic, 
(JJA,worst-case ambient operating temperature, TA(max), 
the only unknown parameter is device power dissipation, 
PD. In calculating this parameter, the dissipation of the inte- 
grated circuit due to its own supply has to be considered, 
the dissipation within the package due to the external load 
must also be added. The power associated with the load in 
a dynamic (switching) situation must also be considered. 
For example, the power associated with an inductor or a 
capacitor in a static versus dynamic (say, 1 MHz) condition 
is significantly different. 


The junction temperature of a device with a total package 
power of 600 mW at 70'C in a package with a thermal re- 
sistance of 63'C/W is 10B'C. 


TJ = 70'C + (63'C/W) x (0.6W) = 10B'C 


The next obvious question is, "how safe is 10B'C?" 


MAXIMUM 
ALLOWABLE 
JUNCTION 
TEMPERATURES 


What is an acceptable maximum operating junction temper- 
ature is in itself somewhat of a difficult question to answer. 
Many companies have established their own standards 
based on corporate policy. However, the semiconductor in- 
dustry has developed some defacto standards based on the 
device package type. These have been well accepted as 
numbers that relate to reasonable (acceptable) device life- 
times, thus failure rates. 


National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, the 
maximum allowable junction temperature is 150'C. For 
these devices assembled in ceramic or cavity DIP pack- 
ages, the 
maximum allowable junction 
temperature 
is 


175'C. The numbers are different because of the differenc- 
es in package types. The thermal strain associated with the 
die package interface in a cavity package is much less than 
that exhibited in a molded package where the integrated 
circuit chip is in direct contact with the package material. 


Let us use this new information and our thermal equation to 
construct a graph which displays the safe thermal (power) 
operating area for a given package type. Figure 5 is an ex- 
ample of such a graph. The end points of this graph are 
easily determined. For a 16-pin molded package, the maxi- 
mum allowable temperature is 150'C; at this point no power 
dissipation is allowable. The power capability at 25'C is 
1.9BW as given by the following calculation: 


TJ(max)-TA 
150'C-25'C 
PD @ 25'C = ----- 
= ----- 
= 1.9BW 
(JJA 
63'C/W 


The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is re- 
ferred to as the derating factor. 


1 
Derating Factor = 
(JJA 
As mentioned, Figure 5 is a plot of the safe thermal operat- 
ing area for a device in a 16-pin molded DIP. As long /is the 
intersection of a vertical line defining the maximum ambient 
temperature (70'C in our previous example) and maximum 
device package power (600 mW) remains below the maxi- 
mum package thermal capability line the junction tempera- 
ture will remain below 150'C-the 
limit for a molded pack- 
age. If the intersection of ambient temperature and package 
power fails on this line, the maximum junction temperature 
will be 150'C. Any intersection that occurs above this line 
will result in a junction temperature in excess of 150'C and 
is not an appropriate operating condition. 
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FIGURE 
5. Package 
Power Capability 


va Temperature 
The thermal capabilities of all integrated circuits are ex- 
pressed as a power capability at 25'C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25'C, reduce the 
package power capability stated by the derating factor 
which is expressed in mWrC. For our example--a (JJAof 
63'C/W relates to a derating factor of 15.9 mWrc. 


FACTORS 
INFLUENCING 
PACKAGE 
THERMAL 
RESISTANCE 
As discussed earlier, improving any portion of the two pri- 
mary thermal flow paths will result in an improvement in 
overall thermal resistance junction-to-ambient. This section 
discusses those components of thermal resistance that can 
be influenced by the manufacturer of the integrated circuit. It 
also discusses those factors in the overall thermal resist- 
ance that can be impacted by the end user of the integrated 
circuit. Understanding these issues will go a long way in 
understanding chip power capabilities and what can be 
done to insure the best possible operating conditions and, 
thus, best overall reliability. 


Die Size 
Figure 6 shows a graph of our 16-pin DIP thermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases-this 
relates directly to having a larger area with which to dissi- 
pate a given power. 
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lead Frame Material 
Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 42 type lead 
frame--these 
are lead frame materials commonly used in 
the industry. Obviously the thermal conductivity of the lead 
frame material has a significant impact in package power 
capability. Molded interface circuits from National Semicon- 
ductor use the copper lead frame exclusively. 
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FIGURE 7. Thermal Resistance vs 
lead Frame Material 


Board vs Socket Mount 
One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a result 
of this, the graph of Figure 8 comes as no surprise. This 
compares the thermal resistance of our 16-pin package sol- 
dered into a printed circuit board (board mount) compared 
to the same package placed in a socket (socket mount). 
Adding a socket in the path between the PC board and the 
device adds another stage in the thermal flow path, thus 
increasing the overall thermal resistance. The thermal capa- 
bilities of National Semiconductor's interface circuits are 
specified assuming board mount conditions. If the devices 
are placed in a socket the thermal capabilities should be 
reduced by approximately 5% to 10%. 
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FIGURE 8. Thermal Resistance vs 
Board or Socket Mount 


Air Flow 
When a high power situation exists and the ambient temper- 
ature cannot be reduced, the next best thing is to provide air 
flow in the vicinity of the package. The graph of Figure 9 
illustrates the impact this has on thermal resistance. This 
graph plots the relative reduction in thermal resistance nor- 
malized to the still air condition for our 16-pin molded DIP. 
The thermal ratings on National Semiconductor's interface 
circuits data sheets relate to the still air environment. 
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FIGURE 9. Thermal Resistance vs Air Flow 


Other Factors 
A number of other factors influence thermal resistance. The 
most important of these is using thermal epoxy in mounting 
ICs to the PC board and heat sinks. Generally these tech- 
niques are required only in the very highest of power appli- 
cations. 
Some confusion exists between the difference in thermal 
resistance junction-to-ambient (8JA)and thermal resistance 
junction-to-case (8JC)' The best measure of actual junction 
temperature is the junction-to-ambient number since nearly 
all systems operate in an open air environment. The only 
situation where thermal resistance junction-to-case is impor- 
tant is when the entire system is immersed in a thermal bath 
and the environmental temperature is indeed the case tem- 
perature. This is only used in extreme cases and is the ex- 
ception to the rule and, for this reason, is not addressed in 
this application note. 


NATIONAL SEMICONDUCTOR 
PACKAGE CAPABiliTIES 
Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Linear Circuits product family. Fig- 
ure 10 is a composite of the copper lead frame molded 


ance oecreases. Herernng bacK to the thermal flow chart, 
this trend should, by now, be obvious. 


RATINGS ON INTEGRATED CIRCUITS DATA SHEETS 
In conclusion, all National Semiconductor Linear Products 
define power dissipation (thermal) capability. This informa- 
tion can be found in the Absolute Maximum Ratings section 
of the data sheet. The thermal information shown in this 
application note represents average data for characteriza- 
tion of the indicated package. Actual thermal resistance can 
vary from ± 10% to ± 15% due to fluctuations in assembly 
quality, die shape, die thickness, distribution of heat sources 
on the die, etc. The numbers quoted in the linear data 
sheets reflect a 15% safety margin from the average num- 
bers found in this application note. Insuring that total pack- 
age power remains under a specified level will guarantee 
that the maximum junction temperature will not exceed the 
package maximum. 
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FIGURE 10. Thermal Resistance vs Ole Size 
vs Package Type (Molded Package) 


Surface Mount (M, MW Packages), 
Board Mount, Stili Air 
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FIGURE 12. Thermal Resistance for "SO" Packages 
(Board Mount) 


factor for every degree of ambient temperature above 25·C. 
For example, in a given product data sheet the following will 
be found: 


Maximum Power Dissipation· at 25·C 
Cavity Package 
1509 mW 
Molded Package 
1476 mW 


• Derate cavity package at 10 rnWrc above 25°C; derate molded package 


al 11.8 mW I"C above 
25'C. 


If the molded package is used at a maximum ambient tem- 
perature of 70·C, the package power capability is 945 mW. 


Po @ 70·C= 1476 mW-(11.8 
mWrC)X (70·C-25·C) 


= 945mW 
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FIGURE 11. Thermal Resistance vs Ole Size 


vs Package Type (Cavity Package) 
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-For 
products 
with high current 
ratings (>3A), 
thermal 
resistance 
may be 


lower. Consult product datasheet 
for more information. 


FIGURE 13. Thermal Resistance (typ ••) for 3-, 5-, 


and 7-L TO-263 packages mounted on 1 oz. 


(0.036mm) PC board foil 
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APPENDIX F 
How to Get the Right Information From a Data Sheet 


By Robert 
A. Pease 


When 
a new product 
arrives 
in the marketplace, 
it hopefully 
Every year, for the last 20 years, 
manufacturers 
have been 
will have a good, 
clear data sheet with it. 
trying to explain, with varying success, 
why they do not mea- 


The data sheet can show the prospective 
user how to apply 
sure the Zin per se, even though 
they do guarantee 
it. 


the device, 
what performance 
specifications 
are guaranteed 
In other cases, the manufacturer 
may specify 
a test that can 
and 
various 
typical 
applications 
and 
characteristics. 
If the 
be made 
only on the die as it is probed 
on the wafer, 
but 


data-sheet 
writer 
has done a good job, the user can decide 
cannot 
be tested 
after 
the 
die is packaged 
because 
that 
if the product 
will be valuable 
to him, exactly 
how well it will 
signal is not accessible 
any longer. 
To avoid frustrating 
and 
be of use 
to 
him and 
what 
precautions 
to take 
to avoid 
confusing 
the customer, 
some manufacturers 
are establish- 


problems. 
ing two classes 
of guaranteed 
specifications: 


SPECIFICATIONS 
• 
The tested 
limit represents 
a test that cannot 
be doubt- 
ed, one that is actually 
performed 
directly 
on 100 percent 
of the devices, 
100 percent 
of the time. 


• 
The design 
limit covers 
other 
tests 
that may be indirect, 


implicit 
or simply 
guaranteed 
by the 
inherent 
design 
of 
the device, 
and is unlikely 
to cause 
a failure 
rate (on that 


test), even as high as one part per thousand. 


Why was this distinction 
made? Not just because 
customers 
wanted 
to know 
which 
specifications 
were 
guaranteed 
by 
testing, 
but 
because 
the 
quality-assurance 
group 
insisted 
that it was essential 
to separate 
the tested 
guarantees 
from 
the design 
limits 
so that 
the AQL 
(assurance-quality 
level) 
could 
be 
improved 
from 
0.1 
percent 
to 
down 
below 
100 ppm. 


Some 
data sheets 
guarantee 
characteristics 
that 
are quite 
expensive 
and difficult 
to test (even harder than noise) such 
as long-term 
drift (20 ppm or 50 ppm over 
1,000 hours). 


The 
data 
sheet 
may 
not tell the 
reader 
if it is measured, 


tested 
or estimated. 
One manufacturer 
may perform 
a 100- 


percent 
test, while 
another 
states, 
"Guaranteed 
by sample 
testing." 
This is not a very comforting 
assurance 
that a part 
is good, 
especially 
in a critical 
case where 
only a long-term 
test 
can 
prove 
if the 
device 
did meet 
the 
manufacturer's 
specification. 
If in doubt, 
question 
the manufacturer. 


The most important 
area of a data sheet specifies 
the char- 
acteristics 
that are guaranteed-and 
the test conditions 
that 
apply when the tests are done. Ideally, all specifications 
that 
the users will need will be spelled 
out clearly. 
If the product 
is similar 
to 
existing 
products, 
one 
can 
expect 
the 
data 
sheet 
to have a format 
similar 
to other 
devices. 


But, if there 
are significant 
changes 
and improvements 
that 
nobody 
has seen before, 
then the writer must clarify what is 
meant 
by each 
specification. 
Definitions 
of new phrases 
or 
characteristics 
may even have to be added 
as an appendix. 


For example, 
when 
fast-settling 
operational 
amplifiers 
were 
first 
introduced, 
some 
manufacturers 
defined 
settling 
time 
as the time after slewing 
before 
the output finally enters 
and 
stays within 
the error-band; 
but other 
manufacturers 
includ- 
ed the slewing 
time in their definition. 
Because 
both groups 
made their definitions 
clear, the user was unlikely to be con- 
fused 
or misled. 


However, 
the reader 
ought to be on the alert. 
In a few cas- 
es, the data-sheet 
writer 
is playing 
a specsmanship 
game, 
and is trying to show an inferior 
(to some users) aspect 
of a 
product 
in a light that 
makes 
it look 
superior 
(which 
it may 
be, to a couple 
of users). 


When 
a data sheet 
specifies 
a guaranteed 
minimum 
value, 
what does it mean? An assumption 
might be made that the 
manufacturer 
has actually 
tested 
that specification 
and has 
great 
confidence 
that no part could fail that test and still be 
shipped. 
Yet that is not always 
the case. 


For instance, 
in the early days of op amps 
(20 years 
ago), 


the 
differential-input 
impedance 
might 
have 
been 
guaran- 
teed at 1 Mn-but 
the manufacturer 
obviously 
did not mea- 
sure the impedance. 
When 
a customer 
insisted, 
"I have to 
know 
how you measure 
this 
impedance," 
it had to be ex- 
plained 
that the impedance 
was not measured, 
but that the 
base current 
was. The correlation 
between 
Ib and Zin per- 
mitted 
the 
substitution 
of this 
simple 
de test 
for 
a rather 
messy, 
noisy, hard-to-interpret 
test. 


TYPICALS 


Next to a guaranteed 
specification, 
there 
is likely to be an· 


other 
in a column 
labeled 
"typical". 


It might mean that the manufacturer 
once actually 
saw one 
part as good as that. 
It could indicate 
that half the parts are 
better than that specification, 
and half will be worse. 
But it is 
equally 
likely 
to 
mean 
that, 
five 
years 
ago, 
half 
the 
parts 
were better 
and half worse. 
It could 
easily signify that a few 
parts 
might 
be slightly 
better, 
and a few parts 
a lot worse; 


after all, if the noise of an amplifier 
is extremely 
close to the 
theoretical 
limit, one cannot 
expect 
to find any1hing 
much 
better 
than that, but there 
will always 
be a few noisy ones. 


If the specification 
of interest 
happens 
to be the bias current 
(Ib) of an op amp, a user can expect 
broad 
variations. 
For 
example, 
if the 
specification 
is 200 
nA 
maximum, 
there 
might be many parts where 
Ib is 40 nA on one batch 
(where 


the beta is high), and a month 
later, many parts where the Ib 
is 140 nA when 
the beta is low. 


Absolute Maximum Ratings 
(Note 11) 
* 
If 
Military/Aerospace 
specified 
devices 
are 
required, 
Lead 
Temp. 
(Soldering, 
4 
seconds) 
please 
contact 
the 
National 
Semiconductor 
sales 
TO-46 
Package 
+300"C 
Office/Distributors 
for 
availability 
and specifications. 
TO-92 
Package 
+ 260'C 
Supply Voltage 
+35Vto 
-0.2V 
Specified 
Operating 
Temp. 
Range 
(Note 2) 
Output Voltage 
+6Vto 
-1.0V 
TMIN to TMAX 
Output 
Current 
10mA 
LM34, LM34A 
-50'Fto 
+300"F 
Storage 
Temperature, 
LM34C, 
LM34CA 
-40'Fto 
+ 230'F 
TO-46 
Package 
- 76'F to + 356'F 
LM34D 
+32'Fto 
+212'F 
TO-92 
Package 
- 76'F to + 300'F 


DC Electrical Characteristics 
(Note 1, Note 
6) 


LM34A 
LM34CA 


Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 
Typical 
Limit 
Limit 
Typical 
Limit 
Limit 
(Max) 
(Note 
4) 
(Note 
5) 
(Note 
4) 
(Note 
5) 


Accuracy 
(Note 7) 
TA = +77'F 
±0.4 
±1.0 
±0.4 
±1.0 
'F 
TA = O'F 
±0.6 
±0.6 
±2.0 
'F 


TA = TMAX 
±0.8 
±2.0 
±0.8 
±2.0 
'F 
TA = TMIN 
±0.8 
±2.0 
±0.8 
±3.0 
'F 


Nonlinearity 
(Note 8) 
TMIN';; 
TA';; 
TMAX 
±0.35 
±0.7 
±0.30 
±0.6 
'F 


Sensor 
Gain 
TMIN';; 
TA';; 
TMAX 
+10.0 
+9.9, 
+10.0 
+9.9, 
mVI'F, 
min 


(Average 
Slope) 
+ 10.1 
+ 10.1 
mVI'F, 
max 


Load Regulation 
TA = +77'F 
±0.4 
±1.0 
±0.4 
± 1.0 
mV/mA 


(Note 3) 
TMIN';; 
TA';; 
TMAX 
±0.5 
±3.0 
±0.5 
±3.0 
mV/mA 
0,;; 
IL';; 
1 mA 


Line Regulation 
(Note 3) 
TA = +77'F 
±0.01 
±0.05 
±0.01 
±0.05 
mVIV 
5V,;; 
Vs';; 
30V 
±0.02 
±O.1 
±0.02 
±O.1 
mVIV 


Quiescent 
Current 
Vs = +5V, 
+77'F 
75 
90 
75 
90 
fLA 


(Note 9) 
Vs = +5V 
131 
160 
116 
139 
fLA 
Vs = + 30V, + 77'F 
76 
92 
76 
92 
fLA 
Vs = +30V 
132 
163 
117 
142 
fLA 


Change 
of Quiescent 
4V ,;; Vs ,;; 30V, + 77'F 
+0.5 
2.0 
0.5 
2.0 
fLA 
Current 
(Note 3) 
5V,;; 
Vs';; 
30V 
+ 1.0 
3.0 
1.0 
3.0 
fLA 


Temperature 
Coefficient 
+0.30 
+0.5 
+0.30 
+0.5 
fLAI'F 
of Quiescent 
Current 


Minimum 
Temperature 
In circuit of Figure 
1, 
+3.0 
+5.0 
+3.0 
+5.0 
'F 
for Rated Accuracy 
IL = 0 


Long-Term 
Stability 
Tj = TMAX for 1000 hours 
±0.16 
±0.16 
'F 


Note 1: Unless otherwise 
noted. these specifications 
apply: -50'F 
" 
Tj " 
+ 300"F for the LM34 and LM34A; -40'F 
" 
Tj " 
+ 230'F for the LM34Cand 


LM34CA;and +32"F " Tj " 
+ 212"Ffor the LM34D.Vs ~ +5 Vdcand 
ILOAO ~ 50".A in the circuit of Figufe2; +6 Vdc for LM34and LM34Afor 230'F " Tj " 


300"F. These specifications 
also apply from + SOFto TMAX 
in the circuit of Figure t. 


Note 
2: Thermal 
resistance 
of the TO-46 package 
is 29Z'F/W 
junction 
to ambient 
and 4'JOF/W 
junction 
to case. Thermal 
resistance 
of the TO-92 package 
is 


324°F IW junction 
to ambient. 


Note 
3: Regulation 
is measured 
at constant 
junction 
temperature 
using pulse testing with 8 low duty cycle. Changes in output due to heating effects 
can be 


computed 
by multiplying the internal dissipation 
by the thermal resistance. 


Note 
4: Tested limits are guaranteed 
and 100% tested in production. 


Note 
5: Design limits are guaranteed 
(but not 100% production 
tested) over the indicated temperature 
and supply voltage ranges. These limits are not used to 


calculate 
outgoing quality levels. 


Note 6: Specification 
in BOLDFACETYPEapply over the full rated temperature 
range. 


Note 7: Accuracy is defined as the error between the output voltage and 10 mV/OF times the device's case temperature 
at specified conditions 
of voltage, current, 
and temperature 
(expressed 
in oF). 


Note 8: Nonlinearity 
is defined as the deviation of the output-voltage-versus-temperature 
curve from the best· fit straight line over the device's 
rated temperature 
range. 


Note 9: Quiescent 
current is defined in the circuit of Figure t. 


Note 10:Contact factory i~r availability 
of LM34CAZ. 
* * Note 
11: Absolute 
Maximum Ratings indicate limits beyond which damage to the devk:e may occur. DC and AC electrical 
specifications 
do not apply when 


operating 
the device beyond its rated operating 
conditions 
(see Note 1). 


A Point-By-Point 
Look 


Let's look a little more closely at the data sheet of the Na- 
tional Semiconductor LM34, which happens to be a temper- 
ature sensor. 
Note 1 lists the nominal test conditions and test circuits in 
which all the characteristics are defined. Some additional 
test conditions are listed in the column "Conditions", but 
Note 1 helps minimize the clutter. 
Note 2 gives the thermal impedance, (which may also be 
shown in a chart or table). 
Note 3 warns that an output impedance test, if done with a 
long pulse, could cause significant self-heating and thus, 
error. 
Note 6 is intended to show which specs apply at all rated 
temperatures. 
Note 7 is the definition of the "Accuracy" spec, and Note 8 
the definition for non-linearity. Note 9 states in what test 
circuit the quiescent current is defined. Note 10 indicates 
that one model of the family may not be available at the time 
of printing (but happens to be available now), and Note 11 is 
the definition of Absolute Max Ratings. 
• 
Note-the 
"4 seconds" soldering time is a new standard 


for plastic packages. 
•• Note-the 
wording of Note 11 has been revised-this 
is 


the best wording we can devise, and we will use it on all 
future datasheets. 


APPLICATIONS 
Another important part of the data sheet is the applications 
section. It indicates the novel and conventional ways to use 
a device. Sometimes these applications are just little ideas 
to tweak a reader's mind. After looking at a couple of appli- 
cations, one can invent other ideas that are useful. Some 
applications may be of no real interest or use. 
In other cases, an application circuit may be the complete 
definition of the system's performance; it can be the test 
circuit in which the specification limits are defined, tested 
and guaranteed. But, in all other instances, the performance 
of a typical application circuit is not guaranteed, it is only 
typical. In many circumstances, the performance may de- 
pend on external components and their precision and 
matching. Some manufacturers have added a phrase to 
their data sheets: 
"Applications for any circuits contained in this document are 
for illustration purposes only and the manufacturer makes 
no representation or warranty that such applications will be 
suitable for the use indicated without further testing or modi- 
fication." 
In the future, manufacturers may find it necessary to add 
disclaimers of this kind to avoid disappointing users with 
circuits that work well, much of the time, but cannot be easi- 
ly guaranteed. 
The applications section is also a good place to look for 
advice on quirks-potential 
drawbacks or little details that 


may not be so little when a user wants to know if a device 
will actually deliver the expected performance. 
For example, if a buffer can drive heavy loads and can han- 
dle fast signals cleanly (at no load), the maker isn't doing 
anybody any favors if there is no mention that the distortion 
goes sky-high if the rated load is applied. 


Another example is the application hint for the LF156 family: 


"Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to output and force the 
amplifier output to the corresponding high or low state. Ex- 
ceeding the negative common-mode limit on both inputs will 
force the amplifier output to a high state. In neither case 
does a latch occur, since raising the input back within the 
common-mode range again puts the input stage and, thus 
the amplifier, in a normal operating mode." 
That's the kind of information a manufacturer should really 
give to a data-sheet reader because no one could ever 
guess it. 


Sometimes, a writer slips a quirk into a characteristic curve, 
but it's wiser to draw attention to it with a line of text. This is 
because it's better to make the user sad before one gets 
started, rather than when one goes into production. Con- 
versely, if a user is going to spend more than 10 minutes 
using a new product, one ought to spend a full five minutes 
reading the entire data sheet. 


FINE PRINT 
What other fine print can be found on a data sheet? Some- 
times the front page may be marked "advance" or "prelimi- 
nary." Then on the back page, the fine print may say some- 
thing such as: 
"This data sheet contains preliminary limits and design 
specifications. Supplemental information will be published 
at a later date. The manufacturer reserves the right to make 
changes in the products contained in this document in order 
to improve design or performance and to supply the best 
possible products. We also assume no responsibility for the 
use of any circuits described herein, convey no license un- 
der any patent or other right and make no representation 
that the circuits are free from patent infringement." 


In fact, after a device is released to the marketplace in a 
preliminary status, the engineers love to make small im- 
provements and upgrades in specifications and characteris- 
tics, and hate to degrade a specification from its first pub- 
lished value-but 
occasionally that is necessary. 


Another item in the fine print is the manufacturer's tele- 
phone number. Usually it is best to refer questions to the 
local sales representative or field-applications engineer, be- 
cause they may know the answer or they may be best able 
to put a questioner in touch with the right person at the 
factory. 


Occasionally, the factory's applications engineers have all 
the information. Other times, they have to bring in product 
engineers, test engineers or marketing people. And some- 
times the answer can't be generated quickly-<lata have to 
be gathered, opinions solidified or policies formulated be- 
fore the manufacturer can answer the question. Still, the 
telephone number is the key to getting the factory to help. 


ORIGINS 
OF DATA SHEETS 


Of course, historically, most data sheets for a class of prod- 
ucts have been closely modeled on the data sheet of the 
forerunner of that class. The first data sheet was copied to 
make new versions. 
That's the way it happened with the UA709 (the first mono- 
lithic op amp) and all its copies, as well as many other simi- 
lar families of circuits. 


So, while 
it's not easy to get the format 
and everything 
in it 


exactly 
right to please 
everybody, 
new data sheets 
are con- 
tinually 
surfacing 
with 
new 
features, 
applications 
ideas, 
specifications 
and aids for the user. And, if the users com- 


plain 
loudly 
enough 
about 
misleading 
or inadequate 
data 


sheets, 
they can help lead the way to change 
data sheets. 
That's 
how 
many 
of today's 
improvements 
came 
about- 


through 
customer 
demand. 


Who writes 
data 
sheets? 
In some 
cases, 
a marketing 
per- 


son does the actual 
writing 
and engineers 
do the checking. 
In other 
companies, 
the 
engineer 
writes, 
while 
marketing 


people 
and other 
engineers 
check. 
Sometimes, 
a commit- 


tee seems 
to be doing 
the writing. 
None 
of these 
ways 
is 
necessarily 
wrong. 


For example, 
one approach 
might be: The original 
designer 


of the product 
writes 
the data sheet 
(inside 
his head) at the 


same 
time the product 
is designed. 
The concept 
here is, if 


one can't find the proper 
ingredients 
for a data sheet--good 


applications, 
convenient 
features 
for 
the 
user 
and 
nicely 


tested 
specifications 
as the 
part 
is being 
designed-then 


maybe it's not a very good product 
until all those ingredients 


are completed. 
Thus, 
the collection 
of raw materials 
for a 


good data sheet 
is an integral 
part of the design 
of a prod- 


uct. The actual 
assembly 
of these 
materials 
is an art which 


can take place 
later. 


But how can the users evaluate 
the new device? 
They have 
to have a data sheet-which 
is still in the process 
of being 
written. 
Every week, 
as the data sheet 
writer 
tries to polish 
and refine 
the incipient 
data sheet, 
other 
engineers 
are re- 
porting, 
"These 
spec 
limits 
and conditions 
have 
to be re- 


vised," 
and, 
"Those 
application 
circuits 
don't 
work 
like we 
thought 
they would; 
we'll 
have 
one 
running 
in a couple 
of 
days." 
The marketing 
people 
insist that the data sheet must 
be finalized 
and 
frozen 
right 
away 
so that 
they 
can 
start 
printing 
copies 
to go out with evaluation 
samples. 


These trying conditions 
may explain why data sheets 
always 
seem to have been thrown 
together 
under 
panic conditions 
and why they have so many rough 
spots. 
Users 
should 
be 
aware 
of the conflicting 
requirements: 
Getting 
a data sheet 
"as 
completely 
as possible" 
and 
"as 
accurately 
as possi- 
ble" 
is compromised 
if one wants 
to get the data sheet 
"as 
quickly 
as possible." 


The reader 
should 
always 
question 
the manufacturer. 
What 
are the alternatives? 
By not asking the right question, 
a mis- 


understanding 
could 
arise; getting 
angry with the manufac- 
turer is not to anyone's 
advantage. 


Robert 
Pease has been staff scientist 
at National 
Semicon- 


ductor 
Corp., Santa 
Clara, 
Calif., 
for eleven 
years. 
He has 


designed 
numerous 
op amps, 
data converters, 
voltage 
reg- 


ulators 
and analog-circuit 
functions. 
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ENDS 


0.100tO.Ol0 
TYP 
[2.54 t 0.25] 
J 
1Ny~50 L 


0.310-0.410 
[7,87-10.41] 


18 Lead Ceramic Dual-in-Line Package 
NS Package Number J18A 


'I-t 


0.310 
(7.874) MAX 
U 


0.200 
(5.0lW) MAX 


0.0211-0.060 
(0.508-1.524) 
0.125-0.200 
(3.175 - 5.080) 
l 
0.loo±D.Ol0 
JP Lj 
(2.540±0.254) 


0.018± 0.003 
(0.457± 0.076) 
TYP 


0.098 
(2.489) 
MAX 
BOTHENOS 


-I 
0.290-0.320 


1 (7.366-8.12B) r 


r:~GLASS 
SEALANT 


0.180 tll 
0.008-0.012 


(~~) 
95'±;- 
(0.2113-0.305) 
I 
l 
~.~. 
-l 
0.310 - 0.410 
TYP 
(7.874 -10.41) 


20 Lead Ceramic Dual-in-Line Package 
NS Package Number J20A 


0.180 
(4.572) 


MAX 


0.290-0.3211 


(7.366-8.12BI~ 


l.- 0.310 - 0.410 
17.874 -10.41) 


0.985 
~------(25.019) 
-----_ 
MAX 


0.018±0.003 
_II~_ 
(0.457±0.076) II 


0.200 
(5.0801 
MAX 


0.125-0.200 
13.175-5.080) 


• 


24 Lead Ceramic Dual-in-Line Package 
NS Package Number J24A 


0.025 
(0.6351 
RAD 


0.030-0.055 
(0.762-1.3971 
RAD TYP 


+0.025 
I---- 0.615 -11.060 .---1 


( 
+0.635) 
17.40 -1.524 


24 Lead (0.300" Wide) Ceramic Dual-In-Line Package 
NS Package Number J24F 


I 
0.600 
• 
(15.2401 
i:~:" 


0.514-0.526 


(13.06-13.361 
_1 


0.125-11200 
(3.175-5.0801 
MIN 


0.150 
(3.810) 
MIN 


1.111 
(•••• 
, RAD 


1.210 
(32.77) MAX 


0.030-0.055 
(0.762-1.397) 


RADT1 


YP 
0.210-0.320 r 


(7.366-1.1211 I ~ 


~t, 
•••_.~, 
&L~~~ 
~:~-f.3ll5) 


0.310-0.410 
, 
(7.174-10.411 
~I 
CU4 ;l.264)-l 


TYP 


28 Lead Ceramic Dual-in-Line Package 
NS Package Number J28A 


'I-Pl~:) 


) 
jMAXGLASS 


0.51••..1.511 
cr~) 


0.025 


(0.635) 
RAD 


0.030-0.055 
(0.112-1.3911 


RID 
TVP 
0.110 
(40512) 
MAXL 


40 Lead Ceramic Dual-in-Line Package 
NS Package Number J40A 


0.030-0.055 
ii7iZ=tm, 
RAD TV' 


O.Oll! 0.002 
_ II 
10.457iO.0511 II 
TV' 


0.111"0.0111 
I I 
(U<o' 
1.214)--j r- 


TV' 


0.l1li 
i.iiil 
•• 
XIIOTH ENOS) 


3 Lead Molded SOT -23, Low Profile 
NS Package Number M03B 


0.017 
ht 


0.015 
3 
0.432 
0.381 


1 
0.098 
0.083 
2.489 
2.108 


~ 


2 


0.080 
! 
~:~~~ 
--l 
1.778 


0.041 
0.035 
1.041 
0.889 L 


~ 


\-100NO~ 
0.0040 
\.-' 


0.0005 
0.102 
0.013 


I 
0.055 
0.047 
1.397 
1.194 
-l 


inches 
All dimensions 
are in ---- 
millimeters 


0.0050 
0.0034 --ll- 
0.127 
II 
0.086 


0.024 
0.018 
0.610 
0.457 


8 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M08A 


::::::.•,1~::::;,r .'~'" 
~)--y~ 


(:::~ 
ALLI~~IPS 
I.. 
0.016-0.050 


TYPAULlADS 
(0.• 
-1.270) 


TYP AlL LlADS 


0.004-0.010 
(0.102-0.254) 


___ 
• 
SEATING 
~J ~ 
0.014-0,020:: 
(1.270) 
(0.356-0.5OlI) 
TYP 
~TYP 
_ 


(0,203) 
WOllAtAEYH) 


14 Lead (0.150" 
Wide) Molded Small Outline Package, JEDEC 
NS Package Number M 14A 


0.010-0.020 
J(451Ir::~~=::~) r 


(0.254-0.501) 
8' MAXTVP 
____ 
ALLLEADS 
l-A==~ 
+ 


0.OO8r::- -rlJIt 


~I 
I -J 
0.018-0.050 


TVPALLLEADS 
0.004 
(0.406-1.270) 
(0.102) 
TVPALLLEADS 
ALLLEADTIPS 


0.053 -0.069 
(1.346-1.753) 
t 
0.004-0.010 
Kik1i1ihktEkLiL::r 


2541 
~J I JL _I ["]-0020 
TYP 
(1.270) 
- 
(0.356-0.5081 


TVP 
~TYP 
(0.203) 


M1UlREVMI 


, 


t 
+ 
0.014 
iOT56i 


14 Lead (0.300" 
Wide) Molded Small Outline Package, JEDEC 
NS Package Number M14B 


. 
,-- (::~~=::~~I::-1 


~'413'2 
1110 
~ 81 


1 
- 


0.39<-0.419 
(10.01-10.64)j LEAD I~N;-ID 


0.027-I'l~ 
3 
4 
5 
6 
7 
(D.686) 


0.093- 0.104 
(2.362-2.642) 
t 
t 
~ 


~ 


10.102-0.~) 
t 
~ 
SEATING 
0.037-0.044 
----r-PLAHE 
~ 
I 
~J 
JL~TYP 
(1.270) 
(0.358-0.483) 
TVP 


~ 


0.386-0.394 
~ 
('.104 -10.001 


16 
15 
14 
13 
1f 
11 
10 
9 


0.221-0.244 
(5.791-6.1911 
311· 


~6-, 


M!!MAX 
(0.254) 


=1 


0.150-0.157 r 
(3.610-3.9811 


~x4S· 
r 
(0.254-0.501) 
80 MAX TYP 
Lft-~~_~AllrS 


O.OOIC r-J 
L-:I0050 


(0.203-0.254) 
I 
- 
(0.406-1.2701 
TYPALL IDOS 
0.004 
TYPALL LEAOS 
10.1021 
ALL lEAD TIPS 


0.053-0.069 
(1.346-1.753) 


* 


0.00<-0.01' 
(0.102-0.254) 


~ 
SEAlING 
JL 
t 
PlANE 


0.014 -0.020 TYP 
(0.356 -0.501) 
J L(:::, I 


TYP~ 


16 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M16B 


inches 
All dimensions 
are in ----- 
millimeters 


0.2914-0.2992'f 
';~':::r::' 


1 I"I 
0.0131-0.0200 
TYP 


~ 
~ 
0.350-0.501 


1 
2 


'0:050' I I 
~ 


0'021~::::::"~~ 
1~:::::'11 
L~--lm 


SEATING 
~ 
IQl@1 
'l,AN[ 
0.014 
I 
Cl..!:.!.J 
TIS 
All 
LEAO TIPS 


0.0,0:;::::;"TYPALLmDSl 


, 
"AXTYP~ 


All 
lEADS 


0.0 110-0.0500 
TYP ALL LEADS 
0.40-1.27 


1'\11 OIOttJrllSlUfllS 
Cllt::l' 1IIIIIvIU::J;' 
\lllIIlIIllg~gl~1 
II;;J 
3" 
CD~ 
(IIo· 
~ 
(II 


-£ 


0.211-1.2. 
(7.311 -7.595) 


0.010-1.121 
xW r 


11.11'-0.737) 


1.113-1.100 
(2.362-2.M2) 
• 


~ 


IOOC-II12 
L 


(1112-1:1115) 
_ 
- - - 
---l 
8fAI1NG 


1ot. I I 
JL JL 
I'I.AIIE 


(0356) 
.- 
(~:) 
{:: 
=::)'" 


np 


..!..Q!!!.np 
(Om3) 
IoUOlII(MVf! 


••• MAl 
TYP 
-+s 


I.....0.016-0.050 
(1.'06-1.270) 
TYP Alll£AD$ 
t= 


1._-0.013 
~ 
nPAlLWOS 


.!!Ji/ 
(0.102) 


All LEADTIPS 


24 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M24B 


inches 


All dimensions 
are in ---- 
millimeters 


I 


0.4190 
0.3940 
10.65 
10.00 
0.2992 
0.2914 
7:6 
7.4rn 
~ 


~~®~ 


0.029 


450x~ 
0.25 


0.0125 
'l.'li' '" mm'] 


80 \lAXTypr 
0.0500 
ALL LEADS 
°l~WTYP ALL LEADS 
0.40 
"241 
(MY ,) 


0.1043 
0.0826 
""2651- 
0.0118 


2:35 
o.~~:o 


SEATING~~ 


PLAN[~ 
T 
1m 


28 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M28B 


0.420 (10.65) 
0.393 (10.00) 
L 


I 
, 
0.713 (1S.10) 
" 
0.696 (17.70) 
~-jL- 


0.050 (1.27) 
0.020 (0.49) 


sse 
0.013 (0.35) 


0.030 (0.75) 450 
0.009 (0.25)x 


0.013 (0'~32) 
atr-J 
0.009 (o.23)10-=_____ 
. 
0.105 (2.65) 
L 
:::::::::~ 
0.092 (2.35) 
'J~~:L 
0.012 (0.30) 
0.003 (0.10) 


0.050 (1.27) 
0.015 (0.40) 


20 Lead Molded Shrink Small Outline Package, EIAJ, Type II 
NS Package Number MSA20 


I 
-----+----- 
I 
I 
I 


~ 


7.90tO.20 
5.30 t 0.05 
rn 


l.SOt 
0.05 
L 
.I 0.800:t 
0.025 


f 
0.30 t 0.10 TYP ~ I- 


1+10.12@leIA®ls®1 


40 t 30 
TYP 


lo.60t 
0.15 


TYP 
"'5"'20 
(REV A) 


28 Lead Molded Shrink Small Outline Package, EIAJ, Type II 
NS Package Number MSA28 


o 


~ 


7'50_7'90 


5.20-5.38 
[±] 


10.07-10.33 
m 


1.73-2.00j L 
0.65 TYP 
TYP 
0.20-0.40 
TYP 
1+lo.254®lcIBIA®1 


24 Lead Molded Thin Shrink Small Outline Package 
NS Package Number MTB24 


5.6 ± 0.1 
[±] 


(1.15JL 


~7'6±0'2~ 
,- 


l'25~::~g~ 
OOTY~00Ij)( 
)\\1.1 


§JThJ 
Jl 
T 
-A- 
rCL 
] 
~ 
0.1 ±0.1 TYP 
0.5%0.2 
TYP 
0.15~g:g~ 


0.22 ~g:~gTYP 
~IO.24®~ 
m 


8 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N08E 


0.092 
(2.337) OIA 


PIN NO.1 IDENT 


OPTION1 
1 
2 
3 
• 
O.a.o 
I I 
(1.016) TYp~ 
t- 
0.039 


(0.991) 


14 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N14A 


+ 
0.020 


(0.508) 
-II 
MIN 
0.1211-0.150 
(3.175-3.a1o) 


0.01.-0.023 
TYP- 
_ 


(O.35lI-O.5M) 


~-, 


90" 14" TYP 


I 
I 
I-"l 
0.015 ±0.015 
--(1.905±0.381j 


_ 
0.100±0.010 
TlP 
(2.MUD.2M) 
_ 
0.050 ±0.010 
TYP 
(1.270-0.2MI 


0.032±0.005 
~7 
(0.a13±0.127j 


RAO 


PIN NO. 1 IOENT~ 


1 


~""'~JiII 


IDENT 
m W 0: 


0325 ~~:: 


(a 2115+1.016) 
. 
-0.381 


16 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N16A 


(~:~~:I 
~ 
0.030 
MIN 
(0.1621 
0.300-0.320 
MAX 


(1.620-8.128) 
~ 


••.•.~ 
._-u" 'J 
r--l--(0.229-0.J81l 


1-· -·1 
0.015±0.015 
I-- J 
0.325 ~:~~ 
(1.905±0.381) 


( 


1016) 
0.100±0.010 
8.255 :0:381 
(2.540±0.254) 


0.145-0.200 
(3.683-5.080) 
Ji2t 
0.!20 
I_" 
0.018±0.003 
0.125-0.140 (~~~8) 
~ r-- (0.451±0.0161 (3.115-3.556) 


16 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N16E 
,:~~~ 


IDEN~~ 
OPTION02 
0.065 
10.300-0.320 r- 
(1.651) 
B~~'~t 
_~M"~ 
I-- 
0.280.....j 
(0.203-0 ..a&) 
I,~,l 


(0.325 ~g:gtg 


(8255+1.016) 
. 
-0.381 


! 1900)40 TYP 
I-- 0.030*0.015 
, 
(0.162*0.381) 
l-- 0.100*0.010 
(2.540*0.254) 
TYP 


18 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N18A 


0.8'5-0.870 
~ 
[2 U6-22.10] 


0.090 
[2 29] TYP. 
. 
10 


~ 
:1.255 
-W 
[6.22-U8] 


~ 


0.300-0.320 


~ 


[7'62-8"3] 
0.1 '5-0.200 
TYP 
[3.68-5.08] 
0.065 
[1.65]L 


, 
0.280 
! 
I ' 
[7.11] 
t.lIN 
, I 


0.310-0.365 
[7.87-9.27] 


20 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N20A 


0.092X0.030 
(2.337X0.762) 
MAX 
OP 
0'032t0'005~O 
'I 
(OJ13ta.U7l 
RAD 


PIN ND. I IDENT~ 


0.065 
(1.8511 
-.L- 


0.009-0.0IJJ 
(0.229-0.381) 


TVP 
0.060.0.005 
(1.52,.0.127) 


I 
0.100.0.010 
I 
f-- (2.540.0.254)-j 


, 
+0040 I 
0.325-0:015 


(8255 +1.018) 
~ 
-0.381 


24 Lead (0.600" Wide) Molded Dual-in-Line Package 
NS Package Number N24A 


0,510r: 


114.131 
MIN 


0.100-G.l20 


!FI1U4-15.741) 


,:1!l 
I 
0.540 '0.005 
!]"'"' 


95·.5· 


0.625 ~:~: 
_I 
I----- (15175 +G.635)~ 


• 
-11.381 


0.082 


(1.575) 
RAD 


t 
I 


DOTTED OUTliNES 
REFLECT ALTERNATE 
MOLDED BOOY CONFIGURATION 


0.030 


(0.712) 
MAX 


0.009-lI.OI5 
~ 
(D.229-11.3111 
0.075 .0.015 
_ 


(1.905<0,3111 
I-- 


24 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N24C 


0.3Z5~::= 


(8.255 ~~::~) 


0.300-0.320 
r~:_:'"I 


0.092 
(2.33T) 
(2 Pl.S) 
! 
0.2IiOtO.OO5 
(6.604 t 0.127) 


I 


0.062 
(1.575) 
RAO 
~J 


0.065 
(1.651) 


0.075±0.015 
I 
(1.905tO.381) 
I-- 


O.I30tO.005 
(3.302±0.'2T) 


0.020 
0.145-0.200 


r(OM~) (3.683-5.080) 


40 Lead (0.600" Wide) Molded Dual-in-Line Package 
NS Package Number N40A 


".\1 
0.550,o.005 


(13.11 • .!0.1Z71 
J 


3 Lead Molded TO-202 
NS Package Number P03A 


0.046-0.050 
(1.168-1.270) 
TYP(BefORE 
LEADANISH) 


0375 ~~:~~: 


(9525 
+0.381) 
. 
-0.127 


0.360-0.380 
-, 


(914~'~1 
I 


0.435 
(11.049)L 9 
0.12B-0.132 
(3.251-3.353) 


OIA 


0.095 - 0.105 
(2.413-2.667)-- 
_I 


0.113-0.117 
(2.870 - 2.972) 


0.480 -0.520 
(12.192 -13.208) 


----t 
0.285-0.315 
(7.239 - 8.001) 
-t 


0.400 -0.415 
(10.150-10.541) 


0.0195-0.0205 
(0.495-0.521) 
(8EFORELEADFINISH) 


-------- 


I I 
I 


0.024 -0.028 
TYP(BEFORE 


0.095-0.105 
(0.610-0.711) 
LEADFINISH) 


(2.413-2.667) 
TYP 


0.195-0.205 
(4.953-5.207) 


3 Lead Molded TO-226 
NS Package Number RC03A 


0.015 
(0.381) 


MAX 


0175-0185 1 
M 
(4445.-4699) 
t 
0150-0180 
1 
0.300 
(3 810-4 572)...l..-- 


(7.620) 
I 


NOM 
--r 


2' NOM 2 PlCS 


0.500 
(12.70) 
LIIDD 
II 
0.015-0.019 
YP 
-0-- (0.381-0.482) 
T 


~ 
II 
0.015 -0.016 
--l~ (0.381-0.406) 
TYPBEFORE 
lEAD 
FINISH 


20 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V20A 


o 350 +0.006 
D· 
-0.000 
[8.89 ~~:6~ 
1 


PIN 
# 1 !DENT 


SEATING 
PLANE 


0.020 
MIN TYP 
[0.51] 


0.105tO.015 
T 
[2.67±0.38] 
YP 


0.165-0.180 
TYP 
[4.19-4.57] 


, 
13 


-../ 
'-- 
0.050 
TYP 
I 
[1.27] 


0.200 
TYP f.- 


[5.08] 


28 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V28A 


12 I 
0.050 
TYP --I ~ 
I [1.27) 
I 
I-- 0.300 
TYP--l 
[7.62J 


45° X [;0,44] 


Iq 0.490'0.005 
TYPPI 
I-(12.45.0.13J -l 


.50 
X 0.0.45 


[1. uj 
0.017>0.004 
TYP 
fro" 


0.410'0.020 
TYP 
]'" 


SEATING 
PLANE 


[0 


0 
5 
2 
1] ~IN TYP 


O.105tO.015 
TYP 
[2.67>0.38J 


44 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V44A 


+0.006 


[ 


0 
[0.650 ~g:~gOJ] 


16.51 
0 


PIN 
1 
10ENT 


6 
1 U 
40 


39 


0.029>0.003 
T 
[0.74>0.08J 
YP 


fI)c 
.~ 
44 Lead (10mm x 10mm) Molded Plastic Quad Flat Package 
~ 
NS Package Number VGZ44A 
E 
All dimensions 
are in millimeters 
isJ 
I' Ii '~::::;':::'J1D'I 


3~1 
-L 0.80 


TYP 


0.35~g:g~ TYPj l 
22 


~ 


\ 
t 
200.0.10 
L 
.* 
-0.05 
16 


L.15i0.05 
TYP 


DETAIL 
A 


TYPICAL 


44 Lead Cerquad, Straight 
NS Package Number WA44A 


-8- 


, 
r 
.. " 
6 
1 
40 


LID 10 ~ARK\ 


, 


om ",-j 
0 
39 
7 


r-0.050 
TYpl 


00.590 
± 0.015 
- 
- 
W 
- 
t_1 
! 
17 
t 
29 
-10.020 
± 
0.405 ± 0.010 
TYP 
, 
0.020<f,JIA 


L 
j 
0.008<f,J1A 


0.003 
TYP 


~ 
j':"'" 


[0.052 
± 0.008 
I cuccccccu} 


SO.007 ± 0.002 
TYP 


t~ 


3 Lead Molded TO·92 
NS Package Number Z03A 


c=:=:=:J~ 
. 
JL..... 
,-...'"'IT'" " •• """" 


SEATING 
PLANEk~2~~~1 
MIN 
[0.368-0.394] 


0.090 MAX 
[2.29] 


(UNCONTROLLED 
I 


r - 
- 
- 
- 
- 
-. 
LEAD 
OIA) 
0.045-0.055 
TYP 
I 
I 
f 
[1.14-1.40] 
I 
I 
€. 
I 
I 
I 
I 
€. 
I 
I 
--.l 
I 
I 
_ 
_ 


I 
I 
J 
• 
-----" 
0.016-0.021 
TYP 
[0.41-0.53] 
EJECTION 
MARK 
" 0.065 
[1.65] 
To.015 
MAX 
[0.38] 


1 
50 
2 
PLCS 


0.135-0.145 
[3.43-3.68] 


0.045-0.055 
[1.14-1.40] 
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ADVANCED BiCMOS LOGIC (ABTC, IBF, BiCMOS SCAN, LOW VOLTAGE 
BiCMOS, EXTENDED TTL TECHNOLOGY) DATABOOK-1994 


ABTC/BCT 
Description 
and Family Characteristics 
• ABTC/BCT 
Ratings, 
Specifications 
and Waveforms 


ABTC 
Applications 
and Design 
Considerations. 
Quality 
and Reliability. 
Integrated 
Bus Function 
(IBF) Introduction 


54/74ABT3283 
Synchronous 
Datapath 
Multiplexer. 
74FR900/25900 
9-Bit 3-Port 
Latchable 
Datapath 
Multiplexer 


54/74ACTQ3283 
32-Bit 
Latchable 
Transceiver 
with Parity Generator/Checker 
and Byte Multip.lexing 


SCAN18xxxA 
BiCMoS 
5V Logic with Boundary 
Scan. 
74LVT 
Low Voltage 
BiCMoS 
Logic 


VME Extended 
TIL 
Technology 
for Backplanes 


CMOS LOGIC DATABOOK-1988 


CMOS AC Switching 
Test Circuits 
and Timing Waveforms. 
CMOS Application 
Notes. 
MM54HC/MM74HC 


MM54HCT 
/MM74HCT. 
CD4XXX. 
MM54CXXX/MM74CXXX 
• Surface 
Mount 


CLOCK GENERATION AND SUPPORT (CGS) DESIGN DATABOOK-1994 


Low Skew Clock Buffers/Drivers. 
Video Clock Generators. 
Low Skew PLL Clock Generators 


Crystal 
Clock 
Generators 


COP8™ DATABOOK-1994 


CoP8 
Family. 
COP8 Applications. 
MICRoWIRE/PLUS 
Peripherals. 
COP8 Development 
Support 


CROSSVOLTTMLOW VOLTAGE LOGIC SERIES DATABOOK-1994 


LCX Family. 
LVX Translator 
Family. 
LVX Bus Switch 
Family. 
LVX Family. 
LVQ Family. 
LVT Family 


Data Acquisition 
Systems. 
Analog-to-Digital 
Converters. 
Digital-to-Analog 
Converters. 
Voltage 
References 


Temperature 
Sensors. 
Active 
Fitters. 
Analog 
Switches/Multiplexers. 
Surface 
Mount 


Dynamic 
Memory 
Control. 
CPU Specific 
System 
Solutions. 
Error Detection 
and Correction 


Microprocessor 
Applications 


EMBEDDED CONTROLLERS DATABOOK-1992 


COP400 
Family. 
COP800 
Family. 
COPS Applications. 
HPC Family. 
HPC Applications 


MICROWIRE 
and MICROWIRE/PLUS 
Peripherals. 
Microcontroller 
Development 
Tools 


Family Overview. 
300 Series (Low-Power) 
Datasheets 
• 100 Series Datasheets 
• 11C Datasheets 


Design 
Guide • Circuit 
Basics • Logic Design • Transmission 
Line Concepts 
• System 
Considerations 


Power 
Distribution 
and Thermal 
Considerations. 
Testing 
Techniques. 
300 Series 
Package 
Qualification 


Quality 
Assurance 
and Reliability. 
Application 
Notes 


Description 
and Family Characteristics. 
Ratings, 
Specifications 
and Waveforms 


Design 
Considerations. 
54AC/74ACXXX. 
54ACT/74ACTXXX. 
Quiet Series: 
54ACQ174ACQXXX 


Quiet 
Series: 
54ACTQ174ACTQXXX. 
54FCT/74FCTXXX. 
FCTA: 54FCTXXXA174FCTXXXAlB 


FAST® APPLICATIONS HANDBOOK-1990 


Reprint 
of 1987 Fairchild 
FAST Applications 
Handbook 


Contains 
application 
information 
on the FAST family: 
Introduction. 
Multiplexers. 
Decoders. 
Encoders 


Operators 
• FIFOs • Counters 
• TTL Small Scale 
Integration 
• Line Driving 
and System 
Design 


FAST Characteristics 
and Testing. 
Packaging 
Characteristics 


QuickRing. 
Futurebus+ 
IBTL 
Devices. 
BTL Transceiver 
Application 
Notes. 
Futurebus+ 
Application 
Notes 


High Performance 
TTL Bus Drivers. 
PI-Bus. 
Futurebus 
+ IBTL 
Reference 


INTERFACE: DATA TRANSMISSION DATABOOK-1994 


TIAIEIA-232 
(RS-232). 
TIAIEIA-422/423. 
TIAIEIA-485. 
Line Drivers. 
Receivers. 
Repeaters 


Transceivers. 
Low Voltage 
Differential 
Signaling. 
Special 
Interface. 
Application 
Notes 


The purpose 
of this handbook 
is to provide 
a fully indexed 
and cross-referenced 
collection 
of linear integrated 
circuit 
applications 
using both monolithic 
and hybrid circuits from National 
Semiconductor. 


Individual 
application 
notes are normally 
written 
to explain the operation 
and use of one particular 
device or to detail various 
methods 
of accomplishing 
a given function. 
The organization 
of this handbook 
takes advantage 
of this innate coherence 
by 
keeping 
each application 
note intact, arranging 
them in numerical 
order, and providing 
a detailed 
Subject 
Index. 


LOCAL AREA NETWORKS DATABOOK-1993 
SECOND EDITION 


Integrated 
Ethernet 
Network 
Interface 
Controller 
Products. 
Ethernet 
Physical 
Layer Transceivers 


Ethernet 
Repeater 
Interface 
Controller 
Products. 
Token-Ring 
Interface 
Controller 
(TROPIC) 


Hardware 
and Software 
Support 
Products. 
FDDI Products. 
Glossary 
and Acronyms 


LOW VOLTAGE DATABOOK-1992 


This databook 
contains 
information 
on National's 
expanding 
portfolio 
of low and extended 
voltage 
products. 
Product 
datasheets 
included 
for: Low Voltage 
Logic (LVQ), Linear, EPROM, 
EEPROM, 
SRAM, 
Interface, 
ASIC, Embedded 
Controllers, 
Real TIme 
Clocks, 
and Clock Generation 
and Support 
(CGS). 


Rigid Disk Pulse Detectors. 
Rigid Disk Data Separators/Synchronizers 
and ENDECs 


Rigid Disk Data Controller. 
SCSI Bus Interface 
Circuits. 
Floppy 
Disk Controllers. 
Disk Drive Interface 
Circuits 


Rigid Disk Preamplifiers 
and Servo Control 
Circuits. 
Rigid Disk Microcontroller 
Circuits. 
Disk Interface 
Design 
Guide 


MEMORY DATABOOK-1994 


FLASH. 
CMOS 
EPROMs 
• CMOS EEPROMs 
• PROMs. 
Application 
Notes 


MEMORY APPLICATIONS HANDBOOK-1994 


FLASH 
• EEPROMs 
• EPROMs 
• Application 
Notes 


Operational 
Amplifiers 
• Buffers. 
Voltage 
Comparators. 
Active 
Matrix/LCD 
Display 
Drivers 


Special 
Functions. 
Surface 
Mount 


Introduction 
to Packaging. 
Hermetic 
Packages. 
Plastic Packages. 
Advanced 
Packaging 
Technology 


Package 
Reliability 
Considerations 
• Packing 
Considerations. 
Surface 
Mount 
Considerations 


Linear Voltage 
Regulators. 
Low Dropout 
Voltage 
Regulators. 
Switching 
Voltage 
Regulators 


Motion 
Control. 
Surface 
Mount 


PROGRAMMABLE LOGIC DEVICE DATABOOK AND 
DESIGN GUIDE-1993 


Product 
Line Overview 
• Datasheets 
• Design Guide: Designing 
with PLDs • PLD Design 
Methodology 


PLD Design 
Development 
Tools. 
Fabrication 
of Programmable 
Logic. 
Application 
Examples 


Reliability 
and the Die. 
Internal 
Construction. 
Finished 
Package. 
MIL-STD-883. 
MIL-M-38510 


The Specification 
Development 
Process. 
Reliability 
and the Hybrid 
Device. 
VLSIIVHSIC 
Devices 


Radiation 
Environment. 
Electrostatic 
Discharge. 
Discrete 
Device. 
Standardization 


Quality 
Assurance 
and Reliability 
Engineering. 
Reliability 
and Documentation. 
Commercial 
Grade 
Device 


European 
Reliability 
Programs. 
Reliability 
and the Cost of Semiconductor 
Ownership 


Reliability 
Testing 
at National 
Semiconductor. 
The Total 
Military/Aerospace 
Standardization 
Program 


883B/RETSTM 
Products. 
MILS/RETSTM 
Products. 
883/RETSTM 
Hybrids. 
MIL-M-38510 
Class 
B Products 


Radiation 
Hardened 
Technology. 
Wafer 
Fabrication. 
Semiconductor 
Assembly 
and Packaging 


Semiconductor 
Packages. 
Glossary 
of Terms. 
Key Government 
Agencies. 
AN/ 
Numbers 
and Acronyms 


Bibliography. 
MIL-M-38510 
and DESC Drawing 
Cross 
Listing 


SCANTMDATABOOK-1994 


Evolution 
of IEEE 1149.1 Standard. 
SCAN BiCMOS 
Products. 
SCAN ACMOS 
Products. 
System Test Products 


Other 
IEEE 1149.1 
Devices 


VHC/VHCT ADVANCED CMOS LOGIC DATABOOK-1993 


This databook 
introduces 
National's 
Very High Speed CMOS (VHC) and Very High Speed ITL 
Compatible 
CMOS (VHCn 


designs. 
The databook 
includes 
Description 
and Family Characteristics. 
Ratings, 
Specifications 
and Waveforms 


Design 
Considerations 
and Product 
Datasheets. 
The topics 
discussed 
are the advantages 
of VHCIVHCT 
AC Performance, 


Low Noise 
Characteristics 
and Improved 
Interface 
Capabilities. 


ALABAMA 
Huntsville 


Anthem 
Electronics 


(205) 890-0302 
Future Electronics 
Corp. 


(205) 830-2322 
Hamilton/Hallmark 
(205) 837-8700 
Pioneer 
Technology 


(205) 837-9300 
Time Electronics 
(205) 721·1134 


ARIZONA 


Phoenix 


Future 
Electronics 
Corp. 
(602) 968-7140 
Hamilton/Hallmark 
(602) 437-1200 


Scottsdale 


Alliance 
Electronics 
Inc. 


(602) 483-9400 
Tempe 
Anthem 
Electronics 


(802) 966-6600 
Bell Industries 
(602) 966-3600 
Pioneer 
Standard 


(602) 350-9335 
Time Electronics 
(602) 967-2000 


CALIFORNIA 


Agoura Hills 
Bell Industries 
(818) 865-7900 
Future 
Electronics 
Corp. 


(818) 865-0040 
Pioneer 
Standard 


(818) 865-5800 
Time Electronics 
(818) 707-2890 


Calabasas 
FIX Electronics 
(818) 591-9220 


Chatsworth 


Anthem 
Electronics 


(818) 775-1333 


Costa Mesa 
Hamilton/Hallmark 
(714) 641-4100 
Irvine 
Anthem 
Electronics 


(714) 768-4444 
Bell Industries 
(714) 727-4500 
Future Electronics 
Corp. 


(714) 453-1515 
Pioneer 
Standard 


(714) 753-5090 
Zeus Elect. an Arrow Co. 
(714) 581-4622 


Rocklin 


Anthem 
Electronics 


(916) 624-9744 
Bell Industries 
(916) 652-0418 
Roseville 


Future Electronics 
Corp. 


(916) 783-7877 
Hamilton/Hallmark 
(916) 624-9781 


San Diego 


Anthem 
Electronics 


(619) 453-9005 
Bell Industries 
(619) 576-3294 
Future Electronics 
Corp. 


(619) 625-2800 
Hamilton/Hallmark 
(619) 571-7540 
Pioneer 
Standard 


(619) 514-7700 
Time Electronics 
(619) 674-2800 


San Jose 
Anthem 
Electronics 
(408) 453-1200 
Future Electronics 
Corp. 
(408) 434-1122 
Hamilton/Hallmark 
(408) 435-3500 
Pioneer Technology 
(408) 954·9100 
Zeus Elect. an Arrow Co. 
(408) 629·4789 
Sunnyvale 
Ball Industries 
(408) 734-8570 
Time Electronics 
(408) 734-8890 
Tustin 
Time Electronics 
(714) 669·0216 
Woodland 
Hills 
Hamilton/Hallmar!< 
(818) 594-0404 
Time Electronics 
(818) 593-8400 


COLORADO 
Denver 
Bell Industries 
(303) 691·9270 
Englewood 
Anthem Electronics 
(303) 790-4500 
Hamilton/Hallmar!< 
(303) 790-1662 
Pioneer Technology 
(303) 773-8090 
Time Electronics 
(303) 799-5400 
Lakewood 
Future Electronics 
Corp. 
(303) 232-2008 


CONNECTICUT 
Cheshire 
Future Electronics 
Corp. 
(203) 250-0083 
Hamilton/Hallmar!< 
(203) 271-2844 
Meriden 
Bell Industries 
(203) 639-6000 
Shelton 
Pioneer 
Standard 
(203) 929-5600 
Wallingford 
Advent 
Electronics 
(800) 982-0014 
Waterbury 
Anthem 
EI~tronics 
(203) 575-1575 


FLORIDA 
Altamonte 
Springs 
Anthem 
Electronics 
(407) 831-0007 
Bell Industries 
(407) 339-0078 
Future Electronics 
Corp. 


(407) 865-7900 
Pioneer 
Technology 
(407) 834-9090 
Deerlield 
Beach 
Future Electronics 
Corp. 
(305) 426-4043 
Pioneer 
Technology 
(305) 428-8877 
Fort Lauderdale 
Hamilton/Hallmar!< 
(305) 484-5482 
Time Electronics 
(305) 484-1864 
Indialantic 
Advent Electronics 
(800) 975-8669 
Lake Mary 
Zeus Elect. an Arrow Co. 
(407) 333-9300 


Largo 
Future Electronics Corp. 
(813) 530-1222 
Hamilton/Hallmark 
(813) 541·7440 
Orlando 
Chip Supply 
"Die Distributor" 
(407) 298-7100 
Time Electronics 
(407) 841-6566 
Winter Park 
Hamilton/Hallmar!< 
(407) 657-3300 


GEORGIA 
Duluth 
Anthem Electronics 
(404) 931·9300 
Hamilton/Hallmar!< 
(404) 623-4400 
Pioneer Technology 
(404) 623-1 003 
Time Electronics 
(404) 623·5455 
Norcross 
Future Electronics 
Corp. 
(404) 441-7676 


ILLINOIS 
Addison 
Pioneer Standard 
(708) 495-9680 
Bensenville 
Hamilton/Hallmar!< 
(708) 860·7780 
Des Plaines 
Advent Electronics 
(800) 323·1270 
Elk Grove Village 
Bell Industries 
(708) 640-1910 
Hoffman Estates 
Future Electronics 
Corp. 
(708) 882-1255 
Itasca 
Zeus Elect. an Arrow Co. 
(708) 595-9730 
SChaumburg 
Anthem 
Electronics 
(708) 884-0200 
Time Electronics 
(708) 303-3000 


INDIANA 
Fort Wayne 
Bell Industries 
(219) 422-4300 
Indianapolis 
Advent 
Electronics 
Inc. 
(800) 732-1453 
Bell Industries 
(317) 875-8200 
Future Electronics 
Corp. 


(317) 469-0447 
Hamilton/Hallmark 
(317) 872-8875 
Pioneer 
Standard 
(317) 573-0880 


IOWA 
Gadar Rapids 
Advent Electronics 
(800) 397·8407 
Hamilton/Hallmark 
(319) 393-0033 


KANSAS 
Lenexa 
Hamilton/Hallmar!< 
(913) 888-4747 
OveriandPar!< 
Future EIec1ronics Corp. 
(913) 849-1531 


KENTUCKY 
LeXington 
Hami~on/HaJlmar!< 
(806) 288-4911 


MARYLAND 
Columbia 
Anthem 
Electronics 


(410) 995-6640 
Bell Industries 
(410) 290-5100 
FuMe 
EIec1ronics Corp. 


(410) 290-Q600 
Hamilton/Hallmar!< 
(410) 988-9800 
Seymour 
Electronics 


(410) 992-7474 
Time Electronics 
(410) 720·3600 
Ga~hersburg 
Pioneer Technology 
(301) 921-0680 


MASSACHUSETTS 
Andover 
Bell Industries 
(508) 474·8880 
Bolton 
Future Electronics 
Corp. 


(508) 779·3000 
Lexington 
Pidneer 
Standard 
(617) 861-9200 
Newburyport 
Rochester 
Electronics 


"Obso.lete Products" 
(508) 462·9332 
Norwood 
Gerber 
Electronics 


(617) 769·6000 
Peabody 
Hamilton/Hallmark 
(5Q8) 532-3701 
Time Electronics 
(508) 532-9777 
Tyngsboro 
Port Electronics 
(508) 849-4880 
Wilmington 
Anthem 
Electronics 


(508) 657-5170 
Zeus Elect. an Arrow Co. 
(508) 658-0900 


MICHIGAN 
Farmington 
Hills 
Advent 
Electronics 


(800) 572-9329 
Grand Rapids 
Future Electronics 
Corp. 


(616) 698-6800 
Pioneer 
Standard 
(616) 698-1800 
Livonia 
Future Electronics 
Corp. 


(313) 261-5270 
O'Fallon 
Advent 
Electronics 


(800) 888·9588 
Plymouth 
Hamilton/Hallmark 
(313) 416-5800 
Pioneer 
Standard 
(313) 416-2157 
Wyoming 
R. M. Electronics, 
Inc. 


(616) 531-9300 


MINNESOTA 
Bloomington 
Hamilton/Hallmar!< 
(612) 881-2800 
Eden Prairie 
Anthem 
Electronics 


(612) 944-5454 
Future Electronics 
Corp. 


(612) 944-2200 
Pioneer 
Standard 
(612) 944-3355 
Minnetonka 
Time Electronics 
(612) 931-2131 


